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Agent for reducing the phosphate concentration in wastewater

Thepreseninvention relates to amgentfor reducing the concentration of phosphate in
wastewater, to a method for reducing the conceatraf phosphate in wastewater, as well

as to the use of thegentfor reducing the concentration of phosphate intexaater.

In order to reduce the concentration of phosphateastewater, iprinciple, chemical
phosphatg@recipitaton (Pprecipitaton) by addingorecipitaion agens is known,
along withbiological phosphorugliminaion (P-eliminaion) by metabolization of the

phosphates in th@iomassof the activated sludge.

ChemicalPprecipitaton is usually divided intgimultaneougrecipitaton, pre-

precipitation and post-precipitation.

Phosphates dissolvedagueousystens — inparticularorthophosphates — can be
converted into undissolved phosphatath the aid ofsuitableprecipitating agestand
can be removed from tlrejueousystemas a solidtogethemwith othersolids. The
separatd phosphates are theomponerg of the sludge.

Commonprecipitating agestare:
iron chlorides (FeGlor FeC})
iron chlorosulphate (FeCISD
iron(ll) sulphate/copperas (FegO

aluminium chloride (AIG))
polyaluminium chloride (A(OH),Cl,)
sodium aluminate (NaAl(OH)

milk of lime (Ca(OH})),

whereiniron andaluminiumsalts orsolutiors of these salts apreferablyused as the

0
0
0
o aluminium sulphate (A(SQu)s)
0
0
0
0

precipitating agent

If the precipitating agent is added directly to the biatagpurification step, this is

known assimultaneougprecipitation Simultaneougprecipitation is a precipitian
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reaction in which ions dissolved in the water aamsformed into a water-insoluble
compoundby theadditionof a precipitating agent. Furthermore, #aglitionof the
precipitating agentesuls in an improved sludgeructureand better settling
properties. Bnultaneougprecipitaion is thusfrequentlycarried outnot only to
removenutriens, but also in order to improve the operation efphant, because in
this manner, theepardbn of activated sludge and purified wastewater in the

secondary sedimentation tankngroved.

“Pre-precipitation’is the term given to the removal gfosphorugrom wastewater by
thetransformation into undissolved metal salts. Thicipitaton is carried oufprior to
thebiological stage. As aexample the primary sedimentation tank may be used tteset

theprecipitaton producs.

The keypointwith pre-precipitation is not the phosphatecipitaton itself, but
dispensingvith thebiological stage. Outdated wastewateratmenfplants in
particular ardrequently overloaded. If renovation is delayedvarious reasons, then
by usingpre-precipitation, regular outflow values can bentaned evenvith

facilities of this type. The disadvantages witlstinethod are a great deal of primary
sludge and a very higtonsumptiorof precipitating agents, in particular in the form

of trivalent metal salts.

In the case of post-precipitation, the precipatabf phosphorus is carried out after the
secondry sedimentation. Trivalent metal saltparticularare used. Post-
precipitationguaranteg very low phosphorus outflovalues, howeverthe

consumption of precipitating agents is very highadldition a downstream separation

of the flocculate which is formed is necessaryaseeparate filtration stage.

In the case of biological phosphorigminaion (abbreviation: bio-P), polyphosphate-
accumulating organisms (PAQO) in an anoxic envirominage forced into a stress
situation. When these microorganisms havexygenand nitrate available to them,
the primarysource of nutrition are absent and the microorganisnusdcdie. In order
to prevent this, the microorganisms which are ia $ituation release the phosphates
deposited in their cells, releasing energy whiaythse to survive. When the

microorganisms then encounter an aeraixggenrich environment, they once more
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take up the phosphate which has been releasedepiditieven more phosphates in
their cells,whereupon the total concentration of phosplratee water is reduced.

In practice, a&ombinationof differentmethod is used.

The application JP 11319411 A disclosesaderpurificationagentwith a high solubility
whichis capable of binding anatecipitaing rich sources of nutrientsyater
contamination and bacterigtougs. Thewaterpurificationagentcomprises a powder
formed from mussel shells, preferably Hokkaido netiskells, wherein theater
purificationagentfurthemore preferably comprisegaecipitating agenin particular
aluminium sulphate. The ratio of mussel shellpricipitating agent shoufareferably
bein the range3/2 to 6/4. For theurification of water, the watepurificationagent
should be added to the water to be purified, padigrin a concentration of 0.5%y
weightor less withrespect tahemussel shedl. As amalternative the water
purificationagent may also be added to the water to be pdiiiii@ quantity ofLl2 to
13 kg per tsubo (3.3 m?). In order to punfatercontaining heavy metals paecipitating
agentsuch asron(lll) chloride is proposed, after tvgethemwith the water

purificationagent ofJP 11319411 A, in order fwecipitaé out the heavy metals.

Thatspecification indicates that timeussel shedl primarily consist o€alciumcarborate
which, however has a significantly higher solubility imaterthan commercially
availablecalciumcarboratewhich is obtaired from limestone by purification. More

precisely, the solubility of this calciunarborate should be 40.59 mg/100 mg.

In the single example of thepecificationfor the purification of seawates, water
purificationagent consisting of 70%y weightHokkaido mussel shells and 308¢
weightof aluminium sulphate powder was tested agoacentratiorof 0.1%by weight
with respect tahewaterto be purified, and a reduction in the tgghbsphorus

concentration from an original 1.4 mg/L to 0.1 mgfLless wasletermired.

The application JP 09-038414 A concernmecipitating agent with a high
sedimentation speed which forms large flocculateemadded to wastewater and
facilitates the treatment of the wastewater sluddpe. coagulation sedimentation

agentcontains two types afalciumcarborate: coarse-grainguhrticles with a mean
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particlediameterof 50-500 pm and finparticles with ameanparticlediameterof 1-30
pm. The weight ratio of the coarparticles to the fingarticles ispreferablyin the range
from 2:1 to 40:1. Theuantityof calciumcarborate ispreferablyat least 60% by weight.
Furthemore, the coagulation sedimentatmgentpreferablycontains a soluble
aluminiumsalt, asoluble iron salt or a polymerprecipitating agent of an organic
system In thatconnedn, aluminium sulphate, polyaluminium chloride, irdh (

sulphate and iron (lIl) sulphate are mentioned lay wfexample

In theexamplas of thatspecification, grecipitating agent consisting of coarse-grained
calciumcarbonatgarticles with a meamparticlediameter of 100 um, finealcium
carbonatgoarticles with a meamarticlediameter of3.1 um, aluminium sulphate,
calcium hydroxide and polyacrylamide was testedHepurificationof sewage water.

An improvemenin the filterability, theflocculatesize, the sedimentation rate, the
transparency as well as the pH of the purifiettercomparedvith the untreated sewage
water were observetiowever statements regarding thencentration of phosphorus

the sewage water and/or the purified water werdaotd in the specification.

The article “Nutrient removal and sludge productiothe coagulation-flocculation
process” by Aguilar, M.1., Sacz, J., Llorens, Mol&, A. and Ortuno, J.F. in Water
Research (2002), 36 (11), pages 2910-2919 contezireatmentof wastewater from an
abattoir. F&(SQy)s, Al2(SQy)3 and polyaluminium chloride were used as¢bagulation
agent Activated silica, activatedarbon precipitaed calciumcarborate (PCC), cationic
polyacrylamide, polyacrylic acid, anionic polyaawiide and polyvinyl alcohol were used
ascoagulatiorauxiliaries,whereincalciumcarborate was only used icombinatiorwith
Al2(SQy)3 or polyaluminium chloride. For HSQy)s, independerty of the coagulation
auxiliary, a 100% removal of orthophosphate anenaaval oftotal phosphorus ddt
least99.53% was reported. ForA£$Qy)3 independery of the coagulatiorauxiliary, a
100% removal of orthophosphate and a removébiafl phosphorus dt least98.88%
was reportedyhereas the use of PCC as the coagulagantproduced the worst
results For polyaluminium chloridandependerty of the coagulatiorauxiliary, a 100%
removal of orthophosphate and a removabtdl phosphorus ddt leas99.70% was
reportedwhereas the use of PCC as the coagulatgentproduced worse results than

the use opolyaluminium chloridevithout further coagulatioragens.
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The publication “Stickstoff und Phosphor in Flieldgssern”, [Nitrogen and Phosphorus

in Watercourses] Arbeitsbericht des ATV-AusschugsgésKorrespondenz Abwasser
11/87 [ATV Work Report, Committee 2.1, Wastewatert€spondence] dealgth the
necessity fosubstantial nitrogen oxidation wastewatetreatmenfplans, a substantial
nitrogenelimination in wastewatetreatmenplant and theneed to eliminate
phosphorus in watercourses. Regarding the origphophorus loads in the
watercourses, it was assumed that the vast maiginates fronpunctiform
wastewater pipework. It is stated that:
“Phosphorus loads entering watercourses in the GeReanblic could be
almost halved if phosphorus were toddeninated from allwastewatetreatment
plant with connection sizes of over 20000 PE. This wanéan that the risk of
extreme overfertilization would be alleviated. Frdme point of view of
expediency and econonmgliminaion percentages should be graduated, as a
function of the respective connection size, to betweencaqipiately 70% and
95% and in particular the efficiency of chloridedesulphate-free precipitah
processes as well as biological processes for ploogpeliminaion should be
fully exploited. The positive sideffects associated with thedimination of
phosphorus would also play an instrumental roflécontrol of water

pollution”.

Calcium carbonate is not mentioned in the publicati

The utility model CN 205328829 U disclosedevicefor wastewatetreatmentor
restaurantsgomprisng azonefor removingphosphorusvhich compriges amixture of
limestone andluminiumfiller. Iron salts are not mentioned in that ayilmodel,

however

WO 2013/040716 Al describesreethodfor thetreatmenof phosphatesontaining

wastewater, in which:

a) afirst cation is added to the wastewater in ordgarexipitae fluorosilicate from the
wastewater;

b) asecondcation is added to the wastewater in ordgarexipitae fluoride from the

wastewater;
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c) the pH of the wastewater is raised in ordeprecipitae thesecondcation from the
wastewater;
d) the remaininggilica is removed from the wastewatand

e) phosphaterecipitaes out from the wastewater.

Stepa) is stated tpreferablyinclude raising the pH of the wastewateabmut2.0 in

order toprecipitae out the fluorosilicate.

Adding thesecondcation is stated tpreferablyinclude theadditionof limestone

Stepe) is stated tpreferablyinclude theadditionof athird cationand/orafourth cation
in order toprecipitae out the phosphate as struvite analogweg;h preferablyshould

include iron ammonium phosphate.

There are no other indications regarding iron salthat patenapplication

Thus, theobjective of the presemventionis to propose better possibilities for
reducing the concentration of phosphatevastewater, in particular in municipal and
industrial wastewater. Iparticular moreeffecive possibilities for the removal of
phosphates from wastewater should be providedisrrégard, th@roperties of the
wastewater should be compromised as littipassible, and instead be improved as
far as possible-urthemore, theproperties of the activated sludge, in particuigr i
settling behaviour, should be compromised as ktfpossible, and instead be
improved as far as possibleurthemore, the phosphate load in runnimgterinto
which the wastewater to be purified is fed should beiced and overfertilization of
the runningwvatershould be avoided as far as possiblathemore, a highly cost-
effective solution to these objectives is soughich can becarried ouin the simplest

possible manner.

These objectives are achieved by the provisiomaifgentfor reducing the
concentration of phosphaite wastewater with all of the features of thdependent
claim 1. Theclaims which are dependent olaim 1 describgreferredembodiments
of the agenin accordance with th@vention The remaining claims protect a

particulaty advantageous method for reducing the conceatratf phosphaten
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wastewater as well as a particulaalyvantageous use of tagentin accordance with

theinvention

Because aagentis providedwhich, respectivelyith respect tats totalweight,
comprises > 50.0%y weightof calciumcarborate andat leastl.0%by weightof an
iron salt, wherein the calciunarborate has a solubility iwater of less than 20
mg/1000 mL of water at 25°Gurprisingly an agent for reducing the concentration of
phosphate in wastewater, in particular in municgradindustrial wastewater, can be
accesset@vhich enables phosphates to be removed from wastewater effectively.

In this regard, theroperties of the wastewater are not compromisgdinlparticular
are significantlyimproved because of the pH-buffering action of the agent.
Furthermore, the properties of the activated sluggparticular its settling behaviour,
are not compromised, but are significanthproved. Furthermore, the phosphate load
of watercourses into which the purified wastew&entroduced is significantly
reducedoy theinventionand overfertilization of the runningateris avoided to the
maximumextent.Furthemore, an extremelgfficient solution to the objective of the

inventionhas been foundhich can bamplementedn aparticulaty simple manner.

By using theagentin accordance with thevention more phosphate which is
dissolved in wastewater is removed thdth the prior art use of iron or aluminium
salts alone. In addition, tlEgentin accordance with thaventionprevents a
reduction of the pH at the dosing point, whereupmme phosphate can be
precipitagd out.

Furthemore, the use of corrosiweibstances can be reduced as farossible or

avoided altogether using tlagentin accordance with thavention

A furtheradvantage of particulaty preferredembodimenbf theagentin accordance
with theinventionlies in the fact that it does not constitdengerous goods within the
meaning of the European Convention on the Tranapont of Dangerous Goods By Road
(ECE), and therefore can be handled and used easily



10

15

20

25

30

Furthemore, theagentin accordance with thi@ventionis particulaty
environmentally-friendly. The salification in thenified wateris significantly lower

with theinventionthanwith conventionaimethods for the purification of wastewater.

Thus, thesubjectmatter of the presemventionis anagentfor the reduction of the
concentration of phosphaite wastewater, in particular the concentration of

orthophosphate.

In thiscontext the term “wastewater” isgenerakterm for types of water from various
source which are supplied vstructuralinstallationsand inparticularincludes
rainwater, in particularwaterfrom precipitaton flowing off the surface of fixtures;
sewage water, iparticular water which has beeantaminated by consumption (“with
changedroperties or composition”) which may in particulaclude grey water
(accordingto EN 12056-1, faeces-free, slightly contaminatedtewatesuch aghat
which arisesfrom showering, bathing or handwashing, but atet tvhich comes from
the washingnachineand which can be used for the preparation of m®o&ter or
industrialwater. Rainwater flowing from a roof or balcony is indkd here); black
water(accordingto ISO 6107-7:1997, domestic wastewatéh urineand/orfaecal
solids, inparticularincluding yellowwater(urinewith flushingwatern and brown
water(faeces, flushingvaterand toilet papemyithout urine)); externalvater,which

enters the pipework through structural damage.

During wastewater removal, wastewater is colleatetie pipework andranspored; in
central Europe, it issuallytreated inwvastewatetreatmenfplans and then fed into
bodies of water which act as preflooders or ineaghoundwater by seepage, broad

irrigation or sprinkler irrigation.

In thecontextof thepreseninvention the wastewater to be purified usually has a pH,
measued at 25°Cin the range fron®.0 to 10.0, in particulan the rangdrom 6.0 to

9.0. After the wastewater treatmeémiaccordance with thiavention the pH of the
purified water, measued at 25°C, is preferably in the range from 5.QQd), in

particularin the range from 6.0 to 9.0.
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Phosphates are the salts and esters of orthophisphim (HsPQu). In a broader sense,
condensategplymer) oforthophosphori@acid and their esters are also known as

phosphates. In all of thesempound, thephosphoruss in the oxidation state (V)

Thedetermiration of the concentration of phosphatevastewater, in particular of the
concentration of orthophosphate, can be carriedncatmanner which is known per
se. Adetermiration of the concentration of phosphate in wastewat particular of
the concentration of orthophosphate, by meam®wimerciallyavailablephotometric
tests has been shown tofaticulaty effective. As an alternative, thmosphorus

concentration may also lgetermired by means of ICP-OES.

The agenin accordance wittheinventionfor reducing the concentration of
phosphate in wastewateompries, respectively withespect tats totalweight

>50.0% by weight, preferably >60.0% by weight to038 by weight, particularly
preferably >60.0% by weight to 80.0% by weightparticular 65.0% by weight to 75.0%
by weight, of calcium carbonate and

at least 1.0% by weight, preferably at least 10032veight, particularly preferably 20.0%
by weight to <40.0% by weight, in particular 25.@%weight to 35.0% by weight, of an

iron salt.

Particularly preferably, the proportion by weiglfitcalcium carbonate and iron salt
togethelin theagentin accordance with th@ventionis >51.0% by weight, preferably
>60.0% by weight, advantageously >70.0% by weigttmore preferably at least 80.0%
by weight, more particularly preferably at least®@ by weight, in particular at least
99.0% by weight. In theontextof a moreparticulaty preferredembodimenof the
preseninvention, theagentin accordance with thieventionexclusively consists of

calciumcarborate ancat leastone iron salt

The solubility in water of the calcium carbonatatC is less than 20 mg/1000 mL of
water, preferably less than 16 mg/1000 mL of watarticularly preferably less than 15
mg/1000 mL of water, more particularly preferatdgd than 14 mg/1000 mL of water,
advantageousliess than 12 mg/1000 mL of water, preferably thas 10 mg/1000 mL
of water, yet more preferably less than 8 mg/10Q0oimwater, in particular less than 7

mg/1000 mL of water.
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The solubility in water of the calcium carbonate tedetermired in a mannewhichis
known by stirring thealciumcarborate in CQ-free distilledwaterat 25°C for at least 1 h
andsubsequerdetermiration of the dissolveduantityof calciumcarborate,preferably

by meansof a photometrienethod

Theagentin accordance with th@ventioncomprisest leastoneiron salt, preferably
an iron (1) salt or an iron (lll) salt. Preferr@dn salts are FeSQOFeSQ- H0,
FeSQ-4H0, FeSQ-5H0, FeSQ:-6H0, FeSQ: 7THO, FeC, FeCk-6H0, FeCt,
FeCb-4H0, Fe(SQy)s, Fe(SQy)s- 1HO and FeCl(SG). For the purposes of tigesent

invention,iron(ll) salts, inparticulariron(ll) sulphates, are moygarticulaty suitable

In principle, there are nfurther constraints as regards the calcicanborate and it
can in general be freebeleced. For the purposes of the presemention however
the use of calciumarborateswith ameanparticlesizein the rangdrom 5 pm to 30
pm has been shown to be particularly suitable Heamore, thealciumcarbonate
preferablyhas a BET specifisurfaceareain the rangdrom 0.4 m?/g to 10.0 m#/g,
preferably in the range from 0.6 m2/g to 6.0 miigparticular in the range from 0.8 m2/g
to 2.0 m3/g.

Furthemore, in thecontextof thepreseninvention, a groundalciumcarborate is
preferablyused. “Groundalciumcarborate” (GCC) in theeontextof thepresent
invention is acalciumcarboratewhich has beemwbtaired fromnaturalsource such as
marble, chalk, limestone or dolomite. GCGi@mallyobtaired by grinding, screening,
sizingand/orwetand/ordry fractioration. Because of itsaturalorigin, GCC may
contain a certaimmount ofmagnesiunsuch asfor examplein the case of GCC

produced from dolomitic limestone.

GCC isdifferentfrom PCC (‘precipitaed calciumcarborate”), whichis a synthetic
materialusuallyobtaired byprecipitaion following thereactionof carbondioxide
with calcium hydroxide in an aqueous environmentpi®cipitaton of a calcium and
acarborate source imvateror byprecipitaton of calcium andarborate ions, for

exampleCaCb and NaCGs, from solution
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For the purposes of thireseninvention,particulaty suitable GCds obtaired from
limestone preferablyfrom corallian limestonegarticulaty preferablyfrom Devonian

massive limestone, iparticularfrom Lahn marble.

Sedimentary rock#hich mainly consist of thehemicalsubstancealciumcarborate
(CaCQ) in the form of thaninerals calcite and aragonite are known as linmesto

Corallian limestones are limestones which origirieden the bulk aggregation of

corals, sponges and other sessile marine organidmg.occur primarily in coastal or
other flat marine regions. In contrast to shelldstone, the limestone skeletons are not
washedogetherby the ocean waves, but are transformed in tigenali living space

of the organism, often in the position when alive.

Particularly massive and extensive corallian lirmastdeposits are often known as
massive limeston&xamples in Germany are known in the Rhine Massif. Here,
extensive deposits can be found in the Eifel, Bstgg Land and Sauerland regions as
well as in the Lahn-Dill regions; they avbtaired from many sites for cement
manufactureand asource of natural stone. Significaptoportiors of these corallian
limestones are formed from stromatopores (extipohge-like organisms) and extinct
types of coral. Typical index fossils of this massiimestone are the brachiopods

Stringocephalus burtini and Uncites gryphus.

Limestonesvhich can be polished and are from the Middle Devonianiogl in the south
easterrregionof theRhine Massif are collectively known as Lahn maiiidemerly
Nassauer marble). The production centres weBalduinstein, Hahnstatten, Diez
(Rhein-Lahn district, Rheinland-Pfalz), Villmar aBgdhupbach (both in the Limburg-
Weilburg district, Hessen).

Theagentin accordance with thieventionmay bemanufacturd in a mannewhichis
known per se, by mixing the components. Comminubibtheageni for example by

grinding, is not usuallyjecessary

Reduction of the concentration of phosphatevastewater can be carried out by

means of anethodin which the agenn accordance with thiaventionis added to the
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wastewater to be purified, preferalolya quantity in the range from 1 ppm to <1000
ppm, preferably in the range from 5 ppm to 500 pparticularly preferably in the range
from 10 ppm to 400 ppm, advantageously in the rdraye 15 ppm to 250 ppm, in
particular in the range from 20 ppm to 100 pmvith respect to the total weight of the
wastewater to be purified.

Thedosing poinffor theagentin accordance with thiaventionfor reducing the

concentration of phosphateay inprinciple be freelyseleced.

In thecontextof a firstpreferredembodimenbf the presennvention theagentin
accordance with theventionis addedlirecly to abiological purificationstageof the
wastewater purification in order tbtainsimultaneougprecipitaton, in which
phosphate ions dissolvedwaterare converted intphosphate saltwhich are

insoluble in water by adding the ageamtaccordance with thiavention

In thecontextof afurtherpreferredembodimenbf the presennvention theagentin
accordance with theventionis added prior to hiologicalstagefor wastewater
purification in order tambtainpre-precipitation of the phosphates from the waater

by transfornation into insoluble metal salts.

In thecontextof yet anothepreferredembodimenbf the presentnvention theagent
in accordance with thi@ventionis added after bhiologicalstagefor wastewater
purification in order tabtainpost-precipitation of phosphates after the secgndar

sedimentation.

Thefollowing dosing poing have been shown to be particularly suitable for

wastewatetreatmeniplans:

- into the preliminary sedimentation outflow,

- into the inflow or outflow fronbio-P tanks, denitrification tanks, nitrification tanks,
combined denitrificatiomnd nitrification tanks, as well as

- into the secondary sedimentation inflow.

Theagentmaypreferablybe dosedlirecly into theactivated sludge at a turbulent site.
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Particularlypreferably in accordance with th@vention theagentin accordance with
theinventionis addedlirecty to abiological purificationstageof the wastewater
purification, and also, thegentin accordance with thavention is addegrior to a
biological stageof the wastewater purification, wherein the besuits ar@btaired
when theagentin accordance with thaventionis addedlirecly to abiological

purificationstageof the wastewater purification.

At best, theagentis dosedlirecly into theactivated sludge at a site which is as
turbulent agpossible, advantageoudbgtweentwo activated sludge tanks at the edge

of an overflow before or after a pump or liftingeans

Preferably, thegentin accordance with thaventionis added to the wastewater as an
advantageously dried powdereaimpositionby meansof a dosinglevice preferably
by meansof an augewhichis connected to a storadevice preferably a silo. A
furtherpreferredform of administration is thdirectdosing of theagentinto the
wastewater purification plant, particulara wastewater treatment plant, by adding the
agent preferably from sacks or Big Bags, advantageosisbcifially to theactivated

sludge.

Dosing of the agenh accordance with thiaventionmay becarried ouin batches or
continuouslywhereinin principle, incontinuougprocesss, dosingjuantitieswhich
are aauniform aspossible are preferreBarticulaly preferably, dosing isarried out
several times a week, or daily. Ideally, in theecaklarger wastewatéreatment
plants, theagentis distributed in smalportiors over a daysinga silo unitwith a
dischargesystem Because of the buffering action of the agardccordance with the
invention however it does nonhecessarily have to be dossahtinuously and

uniformly round the clock.

By using theagentin accordance with thi@vention a reduction in the concentration
of phosphaten wastewater, in particular in the concentratborthophosphate in
wastewater, may babtaired which significantly exceeds the reducing actbn
aluminiumsalts oriron salts alone. laddition because no comparable reducing

action can be achieved witlalciumcarbonate alone, the synergisftectobserved
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when using the ageit accordance with th@ventionin the presennventionis

particulaty surprising.

Theinventionwill now beillustratedwith the aid of examples and comparative

examples, without in any way limiting the scopeélafinvention

Determiration ofsolubility of calciumcarborate inwater
Thedetermiration of thesolubility of calciumcarborate inwater was carried out in
ultra-pure COp-free water at 25°C by stirring tlealciumcarborate for one hour and by

photometricdetermiration.

Calcium carbonate

For theexamplesin accordance with th@vention ground Devonian limestor{eahn
marble; GCCwith thefollowing properties was used

- mean particle sizesgl 15.5 um;

- BET: 1.2 m3/q;

- solubility in water: 6 mg/L.

Example 1

An aqueous BHPQOy solution (concentration of phosphate: 5.8 ppm; pH) was
supplemented with

a) 70 mg CaCe

b) 70 mg CaC®and 30 mg FeSHEH0

c) 30 mg FeS®H,O

and stirred for 5 h.

Results:
a) concentration of phosphate after treatment: 5.8;ppn 7.5
b) concentration of phosphate after treatment: 2.8; gyt 7.2

c) concentration of phosphate after treatment: 3.6;ytn 6.4

Example 2
An aqueous BHPOs solution (concentration of phosphate: 5 ppm; pH) was

supplemented with
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a) 70 mg CaCe®

b) 30 mg FeS®HO

c) 70 mg CaC®and 30 mg FeSHEH0
d) 120 mg CaCe&®and 30 mg FeSOH.O
e) 270 mg CaCgand 30 mg FeSOH.O

Results:

After standing for 30 h, thillowing resuls wereobtaired:

a) concentration of phosphate after treatment:rb;ggH: 7.5
b) concentration of phosphate after treatmentpBrh; pH: 6.1
c) concentration of phosphate after treatmentppr; pH: 7.3
d) concentration of phosphate after treatmentppr@; pH: 7.5

e) concentration of phosphate after treatmentp@r6; pH: 7.2

Example 3

Thefollowing precipitating agents were added to a municidtewatetreatment
plant(pH of water: 6-9) in three phases

Phase 1: FeSf2H20 (2.1 kg/100 m3)

Phase 2: FeSf2H0 (2.1 kg/100 m3)+ CaC{¥4.9 kg/100 m?3)

Phase 3: CaC{J4.9 kg/100 m3)

Theinitial phosphate concentration value was 2.2 ppm inukfw from thewastewater

treatmeniplant thequantities of the individualomponerdg were kept constant.

The concentration of phosphates in the outflow ftbenwastewater treatment plant in
Phase 1 fell to 1.2 ppm.
The concentration of phosphates in the outflow ftbmwastewater treatment plant in
Phase 2 fell to 0.5 ppm.
The concentration of phosphates in the outflow ftbenwastewater treatment plant in

Phase 3 were almost back up toitligal concentration of phosphate.
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Patentclaims:

An agent for reducing the concentration of phospihatvastewatecomprisng,
respectivelywith respect tats totalweight > 50.0%by weightof calcium
carborate andat leastl.0%by weightof an iron saltcharacterized in thahe
calciumcarborate has a solubility iwater of less than 20 mg/1000 mL of water
at 25°C.

The agent as claimed in claim 1, characterizetlah the iron salt is selected from the
groupconsisting of FeSHFeSQ- H0, FeSQ- 4H0, FeSQ-5H0, FeSQ-6H0,
FeSQ- 7H0, FeC4, FeChk-6H0, FeC}, FeCh-4H0, Fo(SQ)s, Fe(SQy)s- 1H0

and FeCl(S®).

The agent as claimed in claim 1aaim 2, characterized in that the iron salt is an

iron(ll) salt, in particular iron(Il) sulphate.

The agent as claimed in at least one of the pragedaims, characterized in that the
agentcompriges,respectivelywith respect to its total weight, >60.0% by weight of

calcium carbonate and at least 10.0% by weighhofan salt.

The agent as claimed in at least one of the pragedaims, characterized in that the

calcium carbonate hasw@eanparticlesizein the range from 5 pm to 30 um.

The agent as claimed in at least one of the pragedaims, characterized in that the
calcium carbonate has a BEpecificsurfacearea in the range from 0.4 m2/g to 10.0

m?3/g.

The agent as claimed in at least one of the pragedaims, characterized in that the

calcium carbonateomprises ground calcium carbonate.

The agent as claimed in at least one of the pragedaims, characterized in that the

calcium carbonateriginates from Lahn marble.

A method for reducing the concentration of phospatvastewater, iwhich an
agentasclaimed in at least one aflaims 1 to 8 is added to wastewater.
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The method as claimed in claim 9, characterizetiah with respect to its total
weight, 1 ppm to <1000 ppm of tlagentis added to the wastewater.

The method as claimed in claim 9 or 10, charaadrin that rainwater, sewage water

and/orexternalwateris used as the wastewater.

The method as claimed in claim 9, 10 or 11, charad in that the agent is added to

awastewatetreatmeniplantat at least one of tHellowing dosing poing:

- into the preliminary sedimentation outflow,

- into the inflow or outflow frormbio-P tanks, denitrification tanks, nitrification
tanks,combined denitrificationd nitrification tanks, and/or

- into the secondary sedimentation inflow.

Use of amagentasclaimed in at least one @laims 1 to 8 for reducing the

concentration of phosphate in wastewater.

Use a<laimed inclaim 13, for reducing the concentration of orthophospiva

wastewater.

Use agclaimed inclaim 13 orclaim 14, for reducing the concentration of phosphate

In rainwater, sewage water andétternalvater.



