1 WASTEWATER TREATMENT USI NG NATURAL SOLI D ADDI Tl VES | N ACTI VATED SLUDGE
PROCESS RELATED APPLI CATI ON( S) This clains the benefit of U S

Provi si o0 2030112¥4t i on No. 61/509, 147, filed 5on July POT/SSEAI1R/00028¢ entire
teachi ngs of the above application(s) are incorporated herein by reference.
BACKGROUND OF THE | NVENTI ON The actiivated sludge process is a
wastewater treatnment nethod that is widely utilized throughout the world.
In the process, prinmary-treated sewage or wastewater 10 is exposed to air
or oxygen and bi ONASTEWATHER TREAITMEMNT UBING YATURALNSOLIDMADDETIVES INr gani ¢

content dissolved or suspendedacnvaATEDSEBUPGEIPROLCERSFUrt hernore, the
activated sludge process is useful for denitrification, phosphate renoval,

heavy nmetal renoval, and degasification of the wastewater. The efficiency
of the activated sludge process is partially dependent on 15 having a good
separation between the sludge and the treated water of the mxed |liquor in
the settling_tank. A nunber of studies have utilized additives in the
activated sI@ﬁﬂé*ﬁﬁ%éﬂ?glgﬁﬁjgk%ﬁined their effects. For exanple, the

addition of talc weights the sludge, inprovi nq its sedinmentation and

| owering the sl udddissdaimsithgbenshiyabl.SrkreviperdliAnpicaiandde. 4145t filed, ed,
however, and f reﬂm : gggi [ . r nount s
of talc (%p £ %B%fgl”??gﬁl 1t’he n‘{n)?%%,{ e?@ﬁﬁ%r&stﬁgﬁen eahb fs?g%og&e éﬁe_eééﬁ&%%da
concent r at i ohgreinMheredérsaayant age of this practice is a large increase in

t he amount of dry solids in the sludge after separation in the settling

tank. An inprov t t hi in the fornulation of a

mul ti -conponé‘ﬂ&gggptwg @%iﬁgﬁf@ifw a quaternary anmmoniumsalt, and a
synthetic pol yner, an ageni that 25ai ds sludge sedinentatjon with a nore

| ong-term ef f ect . [jh9 petivated slydgearpesss & agHcEaet Featgereethod hapisehidglser ved

47,9 L0 SN SChIE a5, e Fenes TRt gho
gai ned i h0t hés clipasa@htotag-aronygimindciplogrebmicrébeas whichdegade bund essumevisyer |
were found t %rgg%}/ceco?ltern?ldgg(;lyeeci gr slug;\),gn%gg 1Onr Eeiw%gtew%ter.[l] Furthermore, the
activated sludge process is useful for denitrification, phosphate removal, heavy
metal removal, and degasification of the wastewater.
The efficiency of the activated sludge process is partially dependent on
15 having a good separation between the sludge and the treated water of the mixed
liquor in the sett'ling tank. A number of studies have utilized additives in the
activated sludge process and examined their effects. For example, the addition of
talc weights the sludge, improving its sedimentation and lowering the sludge settling
volume. This positi.ve effect is short-lived, however, and therefore requires repeated
20  additions of very large amounts of talc (up to 100% of the mixed liquor suspended
solid (MLSS) concentration). The disadvantage of this practice is a large increase in
the amount of dry solids in the sludge after separation in the settling tank. An
improvement to this process came in the formulation of a multi-component additive
containing talc, a quaternary ammonium salt, and a synthetic polymér, an agent that
25  aids sludge sedimentation with a more long-term effect.[2]
Enhanced sludge settlning has also been observed with diatomite-containing
activated sludge system as compared to a normal activated sludge system, one factor

that contributes to greater biomass gained in the diatomite-containing process.

Diatomite particles, however, were found to have a relatively low adsorption



capacity for dissolved and suspended organics in the wastewater. Wth
m crographi c evidence, it was determned that diatomte serves as a carrier

of sl udgeVRiZFgHéE> enabling the biodegradation of the 8F3am2e1288MW5bnent s

of the wastewater. [3] The m neral.phentonite has been examined in
high loading with respect to the oxidation of ammopnia into nitrite in
| andfill |eachate treatnent.[4] Further studies into Zeolite addition into

the activat edagicifas di§s@ﬁ%§%nﬂ'§§sp€ﬁ‘d€&rb‘%é£rﬁ&seiﬂ th&@hstbwaee Widher al s hol d sone
prom se for applications such as enhanced bi ol ogi cal phosphorus renoval [5]

and heavy net¢rogtapbicvidsnce, [lwaﬂﬁtammha@awmelsmm orarrier of slidge
pr esent |nvent|o reI rove effici and stability
b “wmot euat ePitplst PR A SBadRgPas® U RS pEmeeER B One or more

natural m neiakgwagrfy)l i d additives that functions as a sI udge carrier.
The present invention discloses a nethod for wastewater treatnent,

15c0rrp|r| 3?' ng: a) dheaminerg! bentanite hae hean gxagtinpdoa highpgpdias yith f§ﬁmf§tt9tthﬁe?st
one solid m th{dE-Jf I?QPAMXSM V;@{% f?ﬂ%&gﬂl l%?ghalt(ep ‘312&8&5[' g%%%{ .ﬁg@&:?r 0

the HDS of s in an ac ed s tin

wast ewat er aido Ellaﬁhﬁe adyitieh dnta thie activated @fud@@pf(ﬁais&ﬁs damib ety thanthégéal
activated sl udge, ﬁi HDS; and c separ ating the HDS fromthe m xture of
step (b) forrm@m'éhp 1M REABYSS AT applicataons fash ansihapeed hiplogicat her

enbodi nment , Pﬁ%pﬂs}”gq%é"p%yfﬁh%%fﬁ’eﬁ %Hﬁﬂ)tn [g nprises: a)m xi ng at

| east one so m neral a Ive and water 1n handl i ng 25tank to forma
m xture; introducing the mxture of step (a) |nto a culturing tank that
cont ai nsl@an SUMMARYBORTHEANYHENTHUOY conpri sing ni croorgani sns,

wast ewat er, ‘and organi c waste obtained froman activated sl udge tank;
c)agitating by aefTatipragenthevantied uelatestua mhﬁlorh'tahdpﬂoivqﬂﬁ'rcia)fcyshéptabﬁmyt 0
30al | ow t he croor nisns tao de rade&l‘le or gani ¢ wast e, thereba}/ ?rm ng a
hi gh- densi ty Wﬁﬁ gtg%tmemgn an ctlvate sludge process using oné or more natura

minerals as solid additives that functions as a sludge carrier.
The present invention discloses a method for wastewater treatment,
15 comprising:
a) creating a high density sludge (HDS) comprising at least one solid
mineral additive and microorganisms; |
b) exposing wastewater to the HDS of step (a) in an activated sludge
tank and agitating the wastewater and HDS to yield a mixture of
20 treated wastewater, normal activated sludge, and HDS; and
c) separating the HDS from the mixture bf step (b) for reuse in the
wastewater treatment method.

In another embodiment, the method for wastewater treatment comprises:

a) mixing at least one solid mineral additive and water in a handling
25 tank to form a mixture;
b introducing the mixture of step (a) into a culturing tank that contains

an aliquot of a mixed liquor comprising microorganisms, wastewater,
and organic waste obtained from an activated sludge tank;
c) agitating by aerating the mixture and the mixed liquor of step (b) to
30 allow the microorganisms to degrade the organic waste, thereby

forming a high-density sludge (HDS);



d)introducing the HDS fromstep (c) to the activated sludge tank used in
step (b); agitating by aerating the wastewater and the HDS in the activated
sl udge ta‘N?%H”“&F?S’gW the mcroorgani sns to degrade the 8FFRE?EI280STe, and
to allow the HDS to bind dissol ved and syspended solids, if present, in the
waste, for a period of tinme to yield a mxture of treated wastewater,

normal activated sludge (NAS), and HDS; separating the treated wastewater

fromthe mxture @) steprddbingIRPAD ol sﬁe?qcﬁmhé EQNatddQn NGBS tafk wkep (f)
by density or size; and 10h)transferring at l'east part of the HDS separated

in step (g) to the handtstag(ank of step (a). In sone enbodi ments of the

invention, the nethod further, conprises: i,)addin n ective.ampunt of a
vi abl e microbial B ehda%%ﬂ{n&bﬁfi% g‘tgr%% W@St%‘gﬁtﬁf)?tgi %‘F }ﬁ%%%thg ﬁ&t“(’ﬂtﬁgni C

wastes to the cul turingidadtank o 8eas hitgodrpiniBhé @dedtadeldR brpaicep (c) or
degradation of waste in step (e) is not efficient. In further enbodi nents

of the in¥ention, whenVHe, suksoalawehe EdHpio bind diastverhandowspandedsolists, of
toxic ions, steps (g) edefll, 120 v{}é)srted?gl{a{;ge{r%%qutil STHa GTRRMl AEpL s of the

i nvention, the wastewater Ts’equalizZe to enteri'ng the activated

sl udge tank. The aer at irefte®fvaste@pter,ornhl MEare sRdee WASY,@ad GHDS;SNE t 0 grow
i nside a porous structure and on the surface of the additives. In the
i nvention, the sof) d niseRaFatingdbeiireatod wasipwate frapy e nyixiFs fsien (et

conprising attapulgite it erydi LLL.oniqt e,
perlite, spilite, £ er msecrgﬁ}%lg?hézgaﬂrg%qggﬁ%‘@%a%ﬁm%@éﬁgﬁ él%é’%d
ol i gocl as@, byt owhjt e, transfetringtat Jeapalrt ofithe HDSnsepartteklan sttp @gptiodhe

hor nbl ende, and furtheE1 Iﬁﬂrous sifiica e mnerals or a conbination of these.
I n some enbodi nents of ¢ migﬁ?féh?'%?i’, 2he solid mineral additives are

washed wi th vater 1f gl SRBbdimeARGIHRMAVEMRN B ShetRA Hither ERRBAZENaNt .

i) adding an effective amount of a viable microbial blend containing
strains capable of degrading organic wastes to the culturing tank in
15 case the formation of HDS in step (c) or degradation of waste in step
| (e) is not efficient.

In further embodiments of the invention, when the wastewater comprises a
high concentration of toxic ions, steps (g) and (h) are not performed. In some
embodiments of the invention, the wastewater is equalized prior to entering the

20  activated sludge tank. The aeration of step (c) allows aerobic microorganisms to
grow inside a porous structure and on the surface of the additives.

In the invention, the solid mineral additives are selected from the list
comprising attapulgite, bentonite, diatomaceous earth, montmorillonite, perlite,
spilite, vermiculite, zeolite, talc, kaolinite, albite, oligoclase, bytownite, anorthite,

25  olivine, enstatite, diopside, hornblende, and further porous silicate minerals or a
combination of these. In some embodiments of the invention, the solid mineral
additives are washed with water to dissolve and remove a water soluble

“contaminant.

In the invention, the separation of the HDS from the NAS of step (f) of the

30 invention occurs in a density selective separation device or a size selective

separation device.



In the invention, the separation of the HDS fromthe NAS of step (f) of the
30i nvention occurs in a density selective separation device or a size

sel ecti veVe9epBY¥H2I%n device. 4 In an exanpl e enb8HITHERN128P025he
invention, the density selective separatigqon device is a centrifuge
separator, in which treated wastewater, the normal activated sludge, and
the high density sludge to each flow toward a separate outlet, wherein each

outlet is positiongdnakarfpldichib8aRitint BEIGREventibA, RO MEnsRYROME IR epatdlioh he
invention, the size selective separation device is a rotating sieve.

The net hods device isreetntréugé sepawiter, irowbigh itrsated wasiewatari thanpomal eictivased

efficiency in st ewat er. treatnent. that uses the activated sl udge process
for muni o pardeg THANCLiED PR R e Pehale gt 5 SRR CHBCo PRI

| oadi ng i s hiegdh ouklRt WRRitIAEE At HUBkichyhélpE. oper ational paraneters vary
significantly, and when toxic ions, e.g., heavy netal ions, are present.

The nodi fPed acti Faseme smbedimeptsa dbesingentiane therizerselestivesaperatian dewice is
additives in @géh ¥§%9£ treatnent in an efficient, |ow cost, and novel
ed W )

a . . .
manner conpar conventional processes. The nethods of the invention

all ow for the use Tkt niRod3rdedrived demiltdhélp Ve6vertdhe Rl l1BaitalheMawt i cl e size
and porosity that are nore versatile and ngvel conpared to conventi onal
processes. AlcHiggncy i s@stgweieniragasenpihat isgs thegctivatsd shidae procersdar f or

handl i ng and Luniong - i gh. ' I i [ .
DESCRI PTI ON : léﬁ%bé%%la?ﬁ’é&? %%“SES. g?dvl\nwl ”F‘t%‘itﬂgé* aﬁ%ﬂ?“ﬁ% %ﬁflﬁ}é’

f ol | ow n@0 noméhepavateraubhty add opemtiongd tpacameddrs @xyngigrefieanitlg dandewhan wkict he
i nvention, as iIIusérated i?.the accon?anying drawi ngs in which |ike
ref erence chdMct8r SC3%1BFtALIGNE R R part s t hroughout the different

views. The draw nghe M&HifQt adhiesRa SRIILS ?r&@ssmﬁ@inv@xmiﬁnétﬁﬁﬂ gi@%ﬁb%' ng

pl aced upon illustrating enbodi nents of the present I|nvention. shows

a schemati c of wastawalief freatmant in\eategiiicientuldyecqst, ané e vl ymadi ¢canppar@bwith HDS
addi tives. -1 G, 2 shows schemat |.¢ draw.ng qf reparati on nodul e
ot S5 g afOBYRRTDTY RGN AGE BRHodR Ab e TRHEGR el RabRERSE B o 5, ¢
a conpar i Son pfre Qﬁtﬁﬂt&&bitﬂd&@&bl&ﬂﬁaﬁ st pofIERY @hat BRL BRI R ITBANd

|

Activated Sludge (NAS) (No) and gh Density Sl udge (HDS)
novel compared to conventional processes. All of these advantages provide for

improved methods for handling and culturing high density sludge with additives.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing will be apparent from the following more particular
20  description of example embodiments of the invention, as illustrated in the
accompanying drawings in which like reference characters refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead being placed upon illustrating embodiments of the present invention.
FIG. 1 shows a schematic of a modified activated sludge process by addition
25  of HDS additives.
FIG. 2 shows a schematic drawing of a preparation module comprising an
additive handling tank and a culturing tank.
FIG. 3a is a comparison of Chemical Oxygen Demand (COD) removal
. between Normal Activated Sludge (NAS) (No) and High Density Sludge (HDS)
30 With exfoliated vermiculite of different particle sizes (GO: 10.25-0.71 mm, G1: 0.33-



30w th exfoliated vermculite of different particle sizes (GO 0.25-0.71
mm Gd: 0.33- 5 1.00 mm at initial stage (left) and mature stage (right).
FIG 3b sWOREIYHEITOD renoval for different amounts of 3@@@8}2%31‘08‘?45 ted
vermculite. ' FIG 4 is a conmparisgn of sludge settling between NAS
(No) and HDS with exfoliated vermculite of different particle sizes (GO
0.25-0.71 mm d: 0.33-1.00 5 mm at mature stage. FIG 5 shows a schenmatic

drawi ng of tneoqARS AliRehl dt e(@éﬂetaﬂﬂirﬁlﬂué'st—h%ggright). FIG.BbGho®s fROWSDSEM
i mages taken with JECL JSMB6701F SEM FIGs.” ba and 6¢c are magnified in

FI Gs. 6b andregwval s ddarént@mpuntsiod added exfoliated verBicuite.f or FI Gs. 6a and 6c,
taken at x300, an e scale bar is,1 gmfor FlGs. 6d en, at

10x4000. Fl %‘}'g‘als P§°51p?ﬂ%°r"rﬁ§§mgg ﬁ%‘fl}‘}gcbel\wsff‘&/@%i?g&?d Hﬁﬁ(wg? HDS,
and FIG 7b &FoRatdBPedlianlitobs MferenPbdricles DESOROPELEMN m, 1HE OBVYENIG ON A

description of exanple enbodi ments of the invention follows. 15The
activat ed sl mpyet pragressge.s a widely used process in the treatment of

e prese sed proce: eat ment. of
S udgs) 1o removel e NSRS AR @ND Ak AR L P RedRR | Gepanas

| argely on the grBMA.I6 shdins ISEMD itha el taladviltleJ DL 0gMo 70 1IFeSENU ¢YEs. 6hhmd
i nvention described herein is directed to a nethod to inprove the_activated
sl udge pr oce®sare agnifipddp HEs Hompdiodotrspectivelyndyhe sqale barisSddn fof Hgsed on

the additi Of‘é%éﬁéf'éé %ﬁ%ﬁﬁﬁﬁ@”gnﬂ%g&%@%&ﬂ@1?Im%‘reﬁl@irs. P4k &P didn g ner al
additives wt I vérse porosity an ensity 'In the process. e solid
m ner al Bddi £4008s house the m croorganisns of the floc, and, as descri bed

herein, the additj contribute to inproved e gr an .
floccul ation, sta Cs!a'i%i‘éﬂa i?‘%b‘kgr%ﬁl?‘ﬁgfﬂ!&%aﬁyséﬁé}#‘g?@ogP?ﬁh@eﬁ‘?‘ijflrﬁ'grbdéti ons
with the orgamcy ge: stRAkance. The additives and cultured sludge can al so

be easily maintained by recycling the high density sludge (HDS) that
contains the additives by using a gravi t%/]- based density sel ective

separ at i on i RETAIRERDE R!,HSITIDM;OF%@‘IEDS WNTHOXUdi tives is highly

advant ageous in that the process reduces the anmpbunt of solid sludge that
necessit at es di spAskbcripionodepampeld etmbodmumgsefetbe itvantioretplioms. r epeat ed

SN TR TR TEAERNGER IR I TR
i ncl udi ng heaystewBbRhsIng air or oxygen gas and a biological floc (also called a sludge) to
 remove organic waste. The efficiency of waste treatment depends largely on the
growth, distribution, and handling of the sludge. The invention described herein is
 directed to a method to improve the activated sludge process for higher treatment
20 efﬁqiency. This method is based on the addition, utilization, and circulation of one
or more solid mineral additives with diverse porosity and density in the process.
The solid mineral additives house the microorganisms of the floc, and, as described
herein, the additives contribute to improved sludge growth and ﬂocculation,
stabilized sludge structure, and more efficient interactions with the organic
25  substance. The additives and cultured sludge can also be easily maintained by
recycling the high density sludge (HDS) that contains the additives by using a
gravity-based density selective separation instrument. Recycling the HDS with
additives is highly advantageous in that the process reduces the amount of solid
sludge that necessitates disposal, as compared to processes that require repeated
30  additions of supplements. Moreover, the additives exhibit strong ion exchange

characteristics which may reduce the impact of toxic ions, including heavy metals.



-6 The present invention provides an effective nethod for automatic
handling, utilization, and recycling of additives. The nethod can be

i ncor por ¥BFIHB3%xi sting activated sl udge processes. PCT/SG2HROORET | vat ed
sl udge process is an aerobic nmethod for_Rgiol ogi cal wastewater treatnent.
The success of the activated sludge process depends on establishing a m xed
comunity of mcroorganisns that will degrade and consune organi c waste
material, anghd hatenMidvenBGpRYRkes aR BfeAHRGhENS LI QLB $dRdlifar t of the
sludge is then discharged, and the remainder (return activated sludge, or
RAS) is ret untilgrtion, andeecygbng ot ddslitivesc bk imeghod ¢anderivenpéreted|intacixistiag e d

sl udge processes tﬂﬁgse aration 10of the sludge fromthe treated

wast evat er i &Uyated SF8GE PIRCeSFSvi t ati onal settling, but it may al so be done
by ot her methods, Thelsdtivatedfsldigt PEdcess i9hn aedbld hetdad kQbiolBekcll Whkewater

bi odegr adati on and separati on processes depend |largely on the bioactivity
and overal | yeameetal Thetsperesuiplethe et vatedsiludizgeproenss fiensods ompgablishing a

conponents of .fl.ocs are | at i nous. structures of, Zooegl oea, conprising sliny
capeul os of DiteddPRRidly AT afieipdianioms dist will eetads 288 ¥angine orgalic wasdd ¢
Zoo gl oea pl mytetighand tat wilbh@seddtc idibadhetd tabefl sitldbél gParD6O%e Shidgd hei I

bi oactivity and structure can be affected by man actors incluging, but

not |inited thendisrharerds end ieygmpindexiretuny apaivpied sbidae. et PHs repmeder , t hese
factors are %@rsgﬁ%’r}x?ordﬂé&(élﬁg.t 'ﬂ:?c&{\}%ﬂﬁ(?ﬁdl géti\%ftesdh Jggdgfﬁéé%ﬁgﬁt%g{ggé&‘%o% or

due to incident ke errong&ous operation. variation
in any 20 of ofithesladfafromrtbe tragted oasewhieeistpeeformed by gfdvitati@iat yetdingeb@n

darmage the whol e sl ydge system For jnproved efficiency of the_treatnent of
wast ewat er, it ey alodiecons by Ofla?ri%b%eswc &s g\iltsaé@pic\ﬂcwrlétrg&tlg@-aﬁpm § of the

sl udge fl ocsy; : | oogl oea
udg blodegradeg[tlﬁﬂ%ﬁ@ ?ép%reﬁ%ﬂﬁfr@ceg%s %@f%gg%%gﬁ %ﬁh}% VRGBS Endl00Y

for efficient.oxidation of organics. Zoog tolerdte certain
vari ati ons iovesailpinsmabsttumture af therskydg2sordiocs! itlg enafparl doimpgnerts of Aocsiare whi ch

sl udge turns iinto | cosened ructure with | ower densit In.this invention,
ono or v o SRR SRS abtiegivs Cotbising Sk st oY brsterial e s, D

sl udge. - [FhesgisaffiohiaH@ ox1AaNEh YRPEEES 0 PRESJIELaEI8Y FESorRRErddiQYRe Sdivifelur es.

Bacteria grow out of the porous structure of the additive core, and extend

over the surfladge pipesss.ofhainkioagitiityiand stroctier qanbsadieoed by Thanyrfaefotst i s t hat

hi gh density. dae, 30 (HDS it re-cel| ster-like strugtures is
construct ed. m?fﬁlﬂlsr%ch%s 0& H&%‘rig)s’,d?szégﬁﬁ%%geﬁ(ﬂdﬁbgrggpl&lg%q’|a CE<8 "t hrough the
growt h of t hHbweeRbhbic fdebts daehriibladitefowke propbeich Of theSnTIne wabteWaiedr es of
the additives. This structural feature enables 7 formation of a stabilized

sl udge st r ucrsus 1o fpidents liksresrongpusrapgtatios. dnsuddem achintanse yiation ingan i n
nor nal iv r : ' ' Wels B
por ous ot ucturgegpideran Bl LUl-aRhor SHARAD e Bl Al IRORHER < diF
i ncrease t hesyseposkurémpfovedeffii¢rytod tiay tiaanmentad MaBteiitdr it Wasstaitial @ so t hat
t he biol ogical 5interactions and hjoactivity of bacteria are enhanced. The
HDS can be H¥IPYF é‘éé%ﬁaﬁ‘t‘\é‘&’ ‘?I%o%ﬁ‘?mféttyé}f,thwlklggeré‘tfﬁced time required for
settling and reduggdeV:PAdHaR Bleadtl SH8E0 Bm QE&Q%%I A dfRefAiadpa be
easily isolated from nornal agiﬁtated sl udge (NAS cﬁy gravﬁfy 1%%%
facilitates ofewgali¢sngoiloacheamdulyttolemte certain variations in environmental factors,
25  orsludge bulking occurs, in which sludge turns into loosened structure with lower
density. In this invention, one or more solid mineral additives is introduced into the
activated sludge. These additives have various particle sizes and porous structures.
Bacteria grow out of the porous structure of the additive core, and extend over the
surface area of the additive to form Zoogloea. The result is that high density sludge
30  (HDS) with core-cell cluster-like structures is constructed. In such structures,

Zoogloea will be cross-linked through the growth of their constituent bacteria

between the porous core structures of the additives. This structural feature enables



The selection of additives should be based on a nunber of the follow ng
10criteria: 1. Naturally avail able, w thout any synthetic chem cal; 2.

H gher deM@iIZPIFWPXA water: 3. Not soluble in water: 4. B&ISGIORNLRShable to
particles with various particle size rangi.ng from 15mcrons to a few
mllinmeters; 5. Easily machinable to particles with various porosities and
pore sizes; 6. Stable structure and strength to survive the physical,

chem cal andfRinatio®beaktabifined glu@%%tﬂuet@@mavatrﬁ&eséluﬂgtetorern%eﬁﬁémaﬁ_- Low
cost. 20In sone enbodi nents of the invention, exanples of such additives

i ncl ude, but inapaststban in nermebactiyated studgel §is adurtherraduantage ofdhainyraidebus

earth, nontnprillonite erd it spilite, .vermeulite, ,zeoli,te, talg,

caol i i ter alinoEestfsrufirot syt Biayideg e L Mefatt aleRay i wil Femelt e, o,

di opsi de, hogglokeRE bagblla foldrbhae cHMERY S Shastbwatesdihaethalbsolagidaiconbi nat i ons
of these. In preferred enbodinents of the invention, the 25additives used
are sel ect edinteragtions apd bigpetiaty ofdgrteria areggnhprgedo Mited1DS pasbgreastditbodi ment s

of the inventj ' i) L: ' ope, at
Peast two. arrrsefrgntes, 8fHduEa lihet8ffireatoflethilb fndledtied SRR S
addi ti ves i ssludgdfor dizspasal eThoHDSedah aldocseceatileiselapgdefr@h nbaasitactiveedr nore
additives, the ratio of the addij 5 ives is selected by considering sludge

y
vol ume, di ssEPdEsINASHEngraukywhshdag bigtasascyiclng Phireiadditivgs- act i vat ed sl udge

rocess. The rati L4 d . . and
Breferabl y 1:1 to?lllggellé,&fgﬂ wngggg%str% g@a%%g%%ﬁ%g%%i%#ﬁ%@%g% rcl)gs of bul k

densi ty, 1(par thiteti& si ze, and porosity are simlar across nmany of the -8

1. Naturally available, without any synthetic chemical;

2. Higher density than water;

3. Not soluble in water;

4. Easily machinable to particles with various particle size ranging from
15 . microns to a few millimeters;

5. Easily machinable to particles with various porosities and pore sizes;

6. Stable structure and strength to survive the physical, chemical and

biological conditions in activated sludge process;
7. | Low cost.

}20 In some embodiments of the invention, examples of such additives include,
but are not limited to, attapulgite, bentonite, diatomaceous earth, montmorillonite,
perlite, spilite, vermiculite, zeolite, talc, kaolinite, albite, oligoclase, bytownite,
anorthite, olivine, enstatite, diopside, hornblende, and further porous silicate
minerals and combinations of these. In preferred émbodime_nts of the invention, the

25  additives used are selected from vermiculite, zeolite, or bentonite. In some
embodiments of the invention, a single additive is used. A mixture of at least one, at
least two, at least three, at least four, or four or more solid natural additives is used.
In an embodiment where there are at least two or more additives, the ratio of the
additives is selected by considering sludge volume, dissolved oxygen, and

30  wastewater loading in the activated sludge process. The ratio of the two additives
ranges from 1:1 to 100:1, and preferably 1:1 to 10:1, and more preferably 1:1 to 2:1.

The factors of bulk density, particle size, and porosity are similar across many of the



solid mneral additives that may be used with the invention. The
conbi nati on of additives used in the invention, and rati os thereof, ar

sel ected ‘8923136)«3?359% of ordinary skill in the art basedPSﬁ/SFﬁ%ung‘B%rseof

material availability, price, and systemgconpatibility. 50ne key advant age
of the invention is that the solid natural additives are machinable to
particles with selectable size and porosity, a feature that contributes to

the versatil kéiyd Rinerd1 QdamivEPGhat By 56 TBdONHI tHeMBMnSioAl ThEeomBMAALL BN, t he
particle size is fromabout 0.01 mmto about 2 mm In preferred enbodi nents

of the invenaddtvestused putheiigyeation zadiratigsithercalh aetselpctedmarerstiorft 1 mm  and
in a nore 10 py.efers.ed odi f the | i: QN .partjicle,size is
from about 022874 Sft;lgl lgglgéﬂarrpbgg@%%e ﬁaﬁt%égn%:/’ﬁ%%n%s%’ggﬁ{ﬁ%& g)rﬁéee’ f“rllc\l/enti on,

t he porosity spferhbempainbitiel solid additives is about 10%to about 90% and
preferably about 50%to about 90% and nost preferably the porosity is

about 70%to aboufnedey adyvantagesd dhn inventiontis Biat the sglid aatued agditives#evi ng t he
ffici i . >G -t h

wast eviator ¢ ESTRRE IS VRIEH, MR UREALRIBASHE dobsid D (B Blonflburgy o

met hod conpr iteesrdati)itycofahé methodl: IDSorme ambodinteatsadf themsentione tieqarticlen ner al

additive and m c¢roorgani sng; (2 Xposi ng stewater tq. the in an
activated sl 8d§& fg%lﬁ@%%@bm&lﬁ%&? %s%%wﬁeﬁwﬁﬁ?e%%?' &ted sl udge,
and hi gh denﬁivte){tiﬂ{é'ﬂ%rti@lggizé%)frérﬁ%ﬁfi’ttd.[‘%rﬁ AaBdue el MRShewaber from the

HDS, 20 wherein t Is reused I n the wastewater treatnent nethod. The
overal | p@ ocesderrsl aelpidiment df thdHn@ntionathd padtiddsire tdfsom iabad 0528 mwm to

P ti f H i th additi | dj.ment s. of .the i ion, th
e S Ty R A R R R A
addi tives of s@ntii &5k abaitt10%d B adbbaeRHdRRERRIbEY ADuNb(% téBbATODYN, aRE 2

handl ing solution sufficient to suspend the additives. In the invention,
t he handl i ngmost prefesablyrthe posositylisabad 7PYomaheetdd0%.seawat er, or an aqueous

solution of an iogic salt. Col.lecti.vely, these.are referred .0 herein as
"water." In sone ?%8&%8%%&%“ ‘P“t‘%‘hé“icnt—?@etﬂt‘ri“%}fr\",v“%%@e segf?"é%‘}%’f }é?a%ct%iv 068 are
freshly B9 adidge pidtesstfbiethb aastinicnfof @dtewatdr rdighelic akdiest ofohixel@atural

invention, the additives are introduced into the handling tank through an

inlet that deplidadditivepsThe methadromarisatid) creptiag HISheamprésng atyjeastpret i ve
separation dey fﬁn%eé%%gﬁ{%& and RcrBheshiihs 02) BRAAHA0 LML (595 ARG iand] | hg

solution is subjec 0 soaking, stirring, rinsing 1n a ng tank,
t o obt ai n hydn astbctentudye emkytodidd tehtad edsteivatenr emahattivated ahadge, and
contam nants, .|l n sanme enpbodi rents of  the invention, th? cont %IrB pants are

di ssol ved i nhigReleRSRGTIRGRS: a (Y SeRmrafinng/1BF treriedamefeyater from the HDS,

20  wherein the HDS is reused in the wastewater treatment method. The overall process

is depicted in FIG. 1 and further described below.

Preparaﬁ'on of HDS with additives
In some embodiments of the invention, the high density sludge is prepared

25 by first mixing one or more selected additives of optimal particle sizes and porosities

with an amount of a handling solution sufficient to suspend the additives. In the

invention, the handling solution may be selected from water, seawater, or an

aqueous solution of an ionic salt. Collectively, these are referred to herein as

“water.” In some embodiments of the invention, the selected additives are freshly
30  added into the handling tank. In another aspect of the invention, the additives are

introduced into the handling tank through an inlet that delivers HDS with mineral

additives from a density selective separation device.



5 in the handling solution (e.g., the contam nants present are dissolved in
handl i ng sol uti on, suspended in handllng solution, or both dissolved in and
suspended¥Pr? H%deﬁng solution). In enbodiments of the FRYSHRIBANET | zi ng
new y introduced additives, the contam ngtion conprises dirt, dust, paper
chips, or plant | eaves. In another enbodinent that utilizes recycled hi gh
density.sludge fromthe activated 10 sludge process, the contam nation
conprises toxic hrgyy tHeahRlsre efs&é&@emdalmtaﬁa hatdlingQBRitiBAROElibjRMSH00f t he
invention, the rinsing process is followed by decanting off the solution
cont ai ni ng t $eakingnstirningcand rinsimgon hdnndimidnkenobtadf hydrated avdavindn, t he

cont ani nant s oni cation. The washed add .ve m ure |s
coted 0 R TR R B i S S ke ek e
shown in Fl GnvéatichDii d@ﬁtﬁh‘rﬂﬁzﬂﬁs Wetdlissbnb@mthwan@ldcg stdlmibn%dadduépeﬁ@&i and
m xed |i gstrjor fromactivated sl udgw (AS) tank. The m xed |iquor conprises

wast ewat orthe handling sekitioni(& g o Bieganiagnnantyprgsend aredissotved o hgedlinghe
culturing ta ¥tgég{%E\gE§8n&e%WB%5§<ﬁﬁqggs%llﬂ%h' &IbJﬂ‘[PHlsE&@é‘c?fnee{nﬁ'sﬂ%ehH?d repared

HDS to the A necessar tailn certain |levels.

of sludge anhandéihgsolution)t Uﬁehmebdmdmmbfrth@hﬁ/e@ﬂiorzﬁlltm ildM?ﬁlﬁtl‘(Qﬁl.ced he
addi tives descri bed herein can be fresh]y added and/or include those
m neral s tha® dé‘r‘%“r@&%‘l“éﬂ“%“@ﬁﬂCPEB“S% dis st BB rhinss orpladleagsalt present

in the cul tugi ﬁlﬁ&tﬂtﬁalﬂﬁﬁllf’esqugﬂ;@d%%?@ﬁ q Cs)l(&ti éﬂg g gmla:thyor s

mai nt ai ned, regu a ked as uspen 1d), and
fresh addlti s,ledg@precessl,lthe toppethatipn mdmprlseect(y;db hehvlﬁ[ﬁﬁietals onotgamtfmat@:rent to

mai ntain this densi In the 25present i nventi on, f the

o et mot L heor it 0T 16 SRYAEDr D (bt BHSPG v ib Solniedlly foeming

cont i nuous! yefrfiResofit otanrohﬂlﬂnflr%ﬂfé doﬁtaiﬂlhzhﬁdlﬂ\bﬁhgr é’i’ﬁfb&flm@ﬁl‘g of tHeddSedtiopm t he
same source as the AS e mxture of solid mneral additives in water

and ni xed | i thacontaminayts are exndxeddyrsanication. oTlﬁeawaShed additiveo mistureis addedHDS

t hr ough degr dat ,on_of ani.c m sent. i.n.the m xed
[ auor. e Bonep@Rngierar 8P uf TS0 DA B SR R RREREe TG ot ai n
maxi num gy Ud@%qd@péd {with idlee foRxddifidh & dddiResl @b intived 1fpudefiBiidieskeY :
measuring the weight of an aliquot of the upper portion of the settled

sl udge. The %lud S)itankofThg mixed lifper cpaniises waHewater, ppganicsWafdgye density i s

at a maxi mu I e 1 mum and
begins to |2?6‘§?8&1g?m‘}“% a%{? @tn‘ﬁﬁé@{]ﬁ%&l |’l§}%tcélﬂ!ﬂr%ﬂ¥%{( f‘g e?erl gngrovx\k h on the
addi tives i noithe fdid@npfeabgsthe pfepattd HDEsethe ASw@ktandnecdskey gusmpiigved oxygen
(DO level in the culturjng tank i s higher than in a conventional AS

process. 5| nSY§E?H§ t@rﬁ‘%’éf?%ﬁf@mdfmtlﬁ%f Yhdasnd graters dn Awfiss embpdinsptsd e
m crobi ajg bl g S, tRORIRA s el iR At APL A b Tsﬁfiﬂ@gagn& QPirkHldeur | ng

t ank. The m cro ntains stralns capa egradi ng organic
wast e. The nihoseoﬂnumkalbthanateuecyabbdefd)m (bID&eAauﬂat amoung of ankeralsare piesent
ient, nean ni mrum anmount, of HDS

formati on of. HDS i,s not t he

o aehi ove atHBSFY Ry MRy B A raRB A RAR AT tho v Mo A RAIR of

m crobial bl egdlmgehedk%d adNackg Gn&@@hﬁwrts%ﬁeﬂged ?dliﬁ%'ﬁd%‘e@ﬂ Haditived L6 eased
at a rate by wh he sl udge vol une reaches about /L to about 500

nmL/ L i n abouenly spped upiydign rﬁCdePﬁsHDS s e ivuilmidn & meintain dfis density nlmdei on, an
anmount of, a Vi aet%ll envmt(f(;erhgt'}ao bl grg(fl .S, ddred %g eumturl n}s tank after a
process a| | RS VSR dl&%} Hl P 8t % ﬂf‘g PREPRYY RETPA™SS cr obi al
bl end i s addEDS to the AS tank continuously. The culturing tank is filled with water and sludge

from the same source as the AS tank. The mixture of solid mineral additives in

water and mixed liquor is agitated by aeration to facilitate formation of HDS through

degradation of organic waste by microorganisms present in the mixed liquor. The |

30 aeration pefsists for a period of time sufficient to obtain maximum sludge density.
The maximum sludge density is determined by measuring the weight of an aliquot of

the upper portion of the settled sludge. The aliquot is of a specific volume. The



15 at the beginning of a new activated sludge process. In yet other
enbodi nents of the invention, a viable mcrobial blend is added when an

accel er at W8 2813&¥S5growt h i s required. | n anot her P&EHEY120P0265R e

invention, the wastewater to be treated jg. anal yzed for content of chem cal
oxygen demand (COD), bi ochem cal -oxygen demand 20 (BOD), oil and grease,
heavy netal s, nitrogen-based species, and phosphorus-based speci es. Based

on the anal %1hﬂg"€deh§1$}ﬁa@@&ﬁé%ﬁrﬂﬁﬂ,wl%ﬁ%é kv@ge ﬁféi%hﬁ@ﬂtﬁ@hﬁ&h&@&{éﬂesoz{‘ density,
particle size, porosit and ease of bacterral growmh in order to forman

ef ficient higBaXigume iam@f\;@mﬁjfgéeveﬂ affs olmeordenso daciibtatesiniial bangeriagrenth omthet he
sel ected addjtjves.c crud 5ver n.cul | xf,ol i at d ver lite,
Soor 1t or an Al i TS B R2EATN ienliSy B AR RO EER ROV,
zeolite and keeltigwid @ltutifg YAk ighighbethak hoebiRAfional A Roeliski ves corrprl se
bentonite. Application of HDS with additives to AS process 30HDS with

addi tives i s addel omegrebodgnenipRE therivvrghionan amaunt ebp iableawicrebizlhe HDS

Phat 1 doestis i LA SR ARy o HEPETR {08t B Sl FROEITeBHED 7"
about 500 miBlend Clontzilhest&ﬁhs a@hbld ofkie@gexng@rg@mcamisté.h@h@mﬁmbihrl@lt:hdbrs of

additives are mai ntai n d. at ag ﬁr eferred enbodi ments of the
i nventi on, t?%ieﬁ@stherﬂ“ pringtagl &y “Pﬁ“‘f‘h%“ﬁ &ris petotiigiepty mgpnipg ghat | et

of wast ewat eg, n{l] LRHAR @ﬁbgg%aaﬁede%arﬂ 88t gagsg%c{g% Hal nb At ank.

I n one aspect o e invention € m Xi ng occurs ation through
aer at i onllof Theamowitwf exicrohiabblendiiae cstaddéd tdthe icnknenirig tank istdreduadiyent i on ti me

of the wastewater in the AS .t fro about |1 to a t 48 ho In a
preferred entBSERTRIA 2 r?tﬁ@yr@@h{(hf’éﬁ‘ “8?6 Iepghe g‘ﬁ‘@\%&#é‘?“ ﬁﬁo ?H%‘“A?got ank

i's from abougg, 1&%’&9%0 tl)OabBQM Qiay@nﬁll éo&e%n%d%n@rit@f)?fh'é@ﬁve%ﬁ@ﬁ’ddn”em from
about 3 to about 5 hours. In some enbodi nents of the invention, the

wast ewat er tamantiof eyiable inferotial bigd isaldeditodhe culfuringriank after @qm@ctqsz ed, or

pre-treated uffer the te enoyv i

A prel tm narPeR R GRRERRE § ohOorPRDBERS She SiablPREP T ARER prdSL o
parti cl e15si z@she b&pRALELOS 4 BeW Iaemca@éwmrﬂ ieqedesEInDfed 68%h embbdinieatsvfahe I at e
and sludge settling are inproved by HDS with additives. FIG 3a shows that

at both the mBeHjon; awlaémnwmmalélmdag adésd Wi gnorcealerated shedgeigrpweh is

exfoliated verm. dﬁc plite, COD renpval rates with HDS are higher than with
nor mal actlvafle Sl udge (NAS) and the inprovenent is nore significant at a

mat ure st age Thelntdnothet aspett @dhd ventidn) thengasséwatiiSobeuledicés aplyedabout 7
days. The COD renoval rate js dependent on the amount of additives present

in’the HDS, 16CcaHgtpfichermical ogigen drmand(PR)ioshgmical oxygen demand
20 (BOD), oil and grease, heavy metals, nitrogen-based species, and phosphorus-based

species. Based on the analytical tests performed, additives are selected based on
density, particle size, porosity, and ease of bacterial growth in order to form an
efficient high density sludge.
In some embodiments of the invention, the selected additives comprise crude
25  vermiculite, exfoliated vermiculite, zeolife, and bentonite. In another embodiment,
the additives comprise zeolite and bentonite. In yet another embodiment, the

additives comprise bentonite.

Application of HDS with additives to AS pfocess

30 HDS with additives is added to the AS tank through an inlet connected to the
'HDS outlet of the culturing tank. The HDS flow rate is optimized in such a way that
it does not significantly affect the sludge volume of about 300 to about 500 mL/L in



20vol une of sludge against tine in the settling process in the density

sel ective separation tank. It shows that HDS fornmed with exfoliated

ver mi cul iVe 28BA1123%es settled faster with a small vol unBCHSGINIRYRS7
production than normal AS. Moreover, thege. additives consist of mnerals
and inorganic salts of sodium potassium calcium magnesium and al um num
whi ch all ow ion exchange with toxic and 25heavy netal ions, including, but

not limted {R deBaded TBAEUANL, aNBNGBERSEnirARA N HAIHFEY S8Rt Besboubi Ckel ,

and zinc, in wastewater. Recycling of HDS with additives o
Regener at i on2@kg/netle preferreskaisbadsments o€ thed nedntiony ithg EpRind¢tds posiiionsd in

Excessi ve 30,Zoodl oea. wil |l..detach from HDS .a formNAS in,the m xed

T oror  RgequE IR SE8inly ot &F LRGDe RS SGo kSRS Re i LHElehS o
the NAS conmipietiyy theBOS bank: Id ne as¥h& ok Hb&ntsdss BRNERGh ety dgi@doh i quor
overflowto a density sel ective or size selective separation instrunent

wher e water , thigasgh agrationsd the mixdeisadmperiaspect of the invertianaths retenten Hewod of
the inventiof, [Ng.i&3h ot A8t hideh MO 1 gﬂ‘&%@gl‘?gs ﬂ!?l?fs?‘ﬁrga praaha ed based
gravity. Tn pr enbo

on the difference 1 n a eferre I nent, e water, the

NAS, and t heelib&lifneat, sleetcatied tibie of tiskewadtdwateeinahé ARaasieRdrah absut 2 to
instrunent. In some enbodinents of the invention, the density selective

separat i on deRAut &0 neuseddin grmere prefere eBbodimept Sorsaloubp tepbqu Peipurs.
mat er | als t Olrgsro%ﬁé é%bocﬁﬁ@ﬁt@ IOF ng}wécn%)ﬁ,ethe Wastfewai’gr RRbd ﬁ%ﬂ?{i flilutﬁe e tank,
di fferences 1 n the odi

ensity of the materials. In one e ment, density
sel ect i vH) sepamfluemnis@qoalized; or pre-treated ikd buféer 1hks pid af slicowastéwatehorahmave oni cal
container is equi(;))l d with NAS outlets at a mddle |level, HDS outlets on
t he bottom SRECA g‘ginni ng mechanism M xed liquor is punped into the

instrument from batdemhifar @Bdy Faé Hoeith 8w BEs 8f ddditiRWiledikRRnt AS the
appar at us spins, Sis collected at a mddl e level, and HDS at the bottom

Punpi ng syst particlesizeef Compated dd detranygénignalsAl gipsesh, 603 sdmovah cht¢-Ds!

recycling ar 5n0t.,.shown i n detai l.n. anot her ct of the | ntion,
the treated SHIGeufe AmpRotd o D5t RIRLAS FRG LR pad el bl B8 '
differ ence | thigdl 48d tRnde stagé bl DS f@hﬁ@t}on dtﬂiz@r[g @éf@lﬁmé@y&m?&ﬂitmﬁ)]a a size
sel ective separation device is a rotating sieve, in which treated

wast ewat er, Froraval ratestwintIDXS ase bigher tham withingmmakasivetpd sludag ENASeardidar at ed
based on 20t heir, %X’g![l% }rr]xg?e SiGniRARR af PLAHAL D8 PRE fifie quifed S QYfsingh! | ©

novi ng through™a'ro
of HGS could be up to about 7 days. The COD removal rate is dependent on the

amount of additives present in the HDS, as shown in FIG. 3b. FIG. 4 graphs the

20  volume of sludge against time in the settling process in the density selective
separation tank. It shows that HDS formed with exfoliated vermiculite additives
settled faster with a small volume of sludge production than normal AS. Moreover,
these additives consist of minerals and inorganic salts of sodium, potassium,
calcium, magnesium, and aluminum, which allow ion exchange with toxic and

25  heavy metal ions, including, but not limited fo lead, mercury, manganese, cadmium,

chromium, copper, nickel, and zinc, in wastewater.

Recycling of HDS with additives
Regeneration of bacteria leads to increase of sludge particle size. Excessive
30  Zoogloea will detach from HDS and form NAS in the mixed liquor. Aged Zoogloea

will also be replaced by newly grown ones and join the NAS community. Both



Si eve. I n anot her enbodi nent of the invention, the wastewater
contains |arge concentrations of toxic ions that are higher than what is

al | oned WP 28}3&!%?%& In this enbodi ment, used HDS is dCLF§EF/000257 anot her
enbodi nent of the invention in 25 which the wastewat er contains high
concentrations of toxic ions, recycled HDS shoul d be soaked with
concentrated salt solutions in the handling tank. Then, the sol ution

contai ni ng t RASCHALIEDE @agﬁeﬁdécsmdﬁgameqdlq@fldvérhswrts ARieRdifykctdefvé or §igd ur ned
to the culturing tank for reuse. The process of gresent i nvention,

utilizing m sedechive amatlomegstttmﬁr@W@ W@emw,ca@dﬁl? arg| sgfigretedcan be

applied in wastewater. tre at.i on use.an.a dge
process for muni \é\fpanameal?o &msrtlrl thevvg 3 Ftrefw—tﬁfiﬂ?éern%lfﬁégfeangrdé ess

can be appl lH@S dte béRigdtE®Pdse@ bn RSAiEf6RINEE m‘g@m)f opch prefeiedenbddansht, - 13 -
processin erations, to-other industrial gpl ications in the textile or
coke pro ct h@rwat%ﬁ@tN@:S apdahg HbSeare separated By p densjtyssletive siperatinast ewat er

in which: 1.;QpGaphC h%ﬂ% P‘g‘bl’&‘“{%@t}f the VB G 'tl%_rt?e'ns&a&%@% &5 a?aﬁ% vat er

qual ity varies Signi |can I ONs, Ion are
present. DEF#dVidd i©&sed on dlfﬂﬂeﬁcetsen mpbms béudidfeednt nmtenamm@aw er" mean
water that is ad ersely aftlflect ed in qualdééfy by ant hrop lgﬁntc i nfl uence.
Wast ewat er c%ﬁ"n” 8l faseeot HppPats Nt firale diferenersdn thedensipplids matenalpne

embodi ments of thﬁléd%vér%]xgtfu ent"‘@sg%ﬁy‘@élé& vl:@c;?é? d G&trs taecren@ﬂg%ea variety

of other conponents, t” not to, pathogens ch as
vi ruses Hnd Matm;m,w]mo}napamhaigmntamdnas:d:cpmpp&d vatlgAScoylatstat amhidtdle nat t er

sol ubl e orga or gani c rti.cul ate tter bl e.i norganic
atortal o aneich O sy aME b0 el S dinealiias] YiREHHNE ne.

"Fl occul at I OPump& itcPthe GREBnRYt MinddteR) t’oQbﬁiSEﬁHﬁﬁt falébul%ffar&y&maﬁl on to
15forma cluster of particulate matter. is a cluster of

particul ate Aathee&ppalhlats SQUISBNA(SUS Cdiecmdsﬁﬁ@mddh ldml; amg HBSs abth@cbestgmof
floccul ati ony,

m sty for SHuet 1Os.m3'rr]1tslo et eoinlven B re 1OXIC i on”
may be a heaby REESISPEAHATHEY & AP ErEt eectimsaran UOB Rl n: on,
t he t oxis i OfotisRowaGHetdls. 20chr om um copper, nickel, or zinc.
In another aspect of the invention, the treated water, the NAS, and the HDS
are separated based on the difference in size (e.g. particle size). In an example
embodiment, a size selective separation device is a rotating sieve, in which treated
wastewater, normal activated sludge, and high density sludge are separated based on
20 their abilities to pass through the pores of the sieves while moving through a rotating
sieve. | |
In another embodiment of the invention, the wastewater contains large
concentrations of tdxic ions that are higher than what is allowed for discharge. In
this embodiment, used HDS is disposed. In another embodiment of the invention in
25  which the wastewater contains high concentrations of toxic ions, recycled HDS
should be soaked with concentrated salt solutions in the handling tank. Then, the
solution containing the contaminants is decanted, and the remaining HDS is returned
to the culturing tank for reuse.
The process of the present invention, utilizing mineral additives to form a
30  high density sludge, can be applied in wastewater treatment operations that use an
activated sludge process for municipal and industrial wastewater. Furthermore the

process can be applied in treatment of wastewater from food production and



"Equal i zed wastewater” is wastewater that has undergone a pretreatnent
prior to entering a wastewater treatnment system The pretreatnment process
of equal iYAPBHP1EYSa neans of buffering the wastewater BFTSC291E/MRST ewat er
treatnment. I'n some enbodi nents of the inyention, the equalization process
is the renoval of 25 inorganic and organic nmacrosolids fromthe waste

m xture. In another enbodi nent of the invention, equalization is pH
neutral i zati grcBysifg ek fidhs,ad Strel Hatustial APHAInsGHARNELBB,r @bkd he

i nvention, equalization occurs through regulation of tenperature, flow
rate, or prepsduetiafinfhgrynwadteguatess is esp@id18e0d 26 96PSTHBE0DVI000257 - 14
- EXAMPLES rTIhe fol |l ow ngq.exa |.es are provided to illustrate one or
nore preferred enbodi r’rﬁthaglcolf’ e 'S ntion, but are not limted

enbodi ments thereof. NdpRaQotl parahridrONTd walr HElPIRidsQidniEednay! @ ng
exanples that lie within the scope of the 5invention. Exanple]: Culturing
of sludgedwith additi véaxic Pne «gl hagvy myptaden alerpsesent. A cul turing
container with volunme of 20 liters is shown in FIG 5. An inlet and an
outlet for nBE‘?‘i’Ii I I@T@ wer e added in the upper portion of .the container.
An outlet for cu ere hi gh-density sludge (HDS) was added near the

cont ai ner bottom di vl >-nawvi t hei ght of -thirds to

t hree-quarters of Tglgggt%(s)f bvai%’{g‘%%fgﬁt%i r‘{ven“rgteV\‘/{'g{"lgerverrr1 |cvéeﬁfryth\é¥ejlﬁ %Yeéﬁ%'n t he
cont ai ner, Wwhfféted ihequalityi dedntidBogedic influbnces Woagegaer cahltgigitiavd #em ensur ed
that the inlet and outlet for mxed Iiquor were not in the sane

conpart ment , MR Or HduEHal SoyisE. omepnbediments of ghe iayendions wastawaishg
retentiofyti |, QWi Ldar E [ i Frf U was
nstal 1 o a PpResayRunaadftcRueies LGRS ool diing i SOOI, ey
Exanpl e 2: Cpathogdnsgudf asavitdsefhanddnsictiy, @indpigkogenidbaatitial orgesic paieutatd t ur i ng
process. The cul turing container described in Exapple 1 was filled
with mxed | FgHEr SPlFBinorganiGRateral Mpreanigartiewale majer, ﬁoﬂ%ﬁ%@"w&@fcemt er
treat ment pl apterfaDlan@ld, PO 88 liRNgasll Hhafhdck bcal, HAGRXR! UMe was measur ed
to be 300 - 400 m /L. 1 kg-additives were added to the container after
wetting with wat efFlothdatporitia: pecessdy wigchtellbidocoraé outaifia subgendiossol ved:

oxygen (PO Level .at 3 ng/L. After one week, the follow ng steps were
r epeat edge:)vekw ﬂBﬂ?rsqfr}%W%}%%mggFrati on and close the nixed liquor inlet;

2|52) After 30 m nutgRc” iLPEIaGEr didaktidtike maBeF thhOsbnds Jul8f fisp&thidd dli#Rig and
Cl Oose

the process of flocculation.

In some embodiments of the invention, a “toxic ion” may be a heavy metal

ion. In more particular embodiments of the invention, the toxic ion is cadmium,
20  chromium, copper, nickel, or zinc.

“Equalized wastewater” is wastewater that has undergone a pretreatment
prior to entering a wastewater treatment system. The pretreatment process of
equalization is a means of buffering the wastewater prior to wastewater treatment.
In some embodiments of the invention, the equalization process is the removal of

25  inorganic and organic macrosolids from the waste mixture. In another.embodiment
of the invention, equalization is pH neutralization by chemical addition. In another
embodiment of the invention, equalization occurs through regulation of temperature,

flow rate, or pressure of the wastewater.
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the inlet; 3) Start aeration. Exanple 3: Culturing of sludge vvith

additi ves: Aﬁﬁ@l cation of HDS to Activated Sludge Process. - HDS was
added to WRSVIRY12¥AK so that the.concentration of addi tPQ@@GF%@Q%FS?rom 2

to 10 g/L. Several |ab scale AS tanks werge. used sinul taneously and
operational paraneters of normal AS process were naintai ned. Exanple 4:
Eval uation of the Activated Sludge Process as inproved by HDS. A
prelimnary gkudypves done with two types of additives with different
particle sizes, nanely G for 0.25-0.71nm and Gl for 0.33-1.00mm The COD of

wast evater s ar oA BBdplesdre pithiAA 03I PR HorB kel € st age

(Day 7), COD renoval after 4 urs o treatnent using s conpared with
nor mal AS wi ¢thbedimiefS.of As mkmmm butfakot3ingifdd, entifdidimemnts eireafa iNanvasus

i nproved from 1019% t abo %B)g HDS at hel Lti a result
of 't he mich TRGHERS SIS BRI THaomgE e s 1yh hafeRe EiE o age.
COD remval [Rt&forOf HDS vvere still at |east 10% hi gher than normal AS.
Smal | er particles showed slightly better perfornmance due to the higher

surface area 3 dent on the
anount of adgfl%:'%ll\g/fgsl 8%2 ?%WUGH} 3%1{}%1%@% Dgﬁ%%}g%gf’% . Sl udge
Settling Vol ume wAtdulthifisg contdiSeRvik esleime of 20 Iit&’sﬁs shbwahia WGt be Andhlgtre of
the settled sl udge over in the settl.i ocess.. t est ed using
95t reaour FHICGHIh s tbral e oAb U GRRSK DORIOR Oh Bl A S o w £
HDS. Wi | e ngnimforRalRAMiSREe¥RY ‘é‘luHE@ B9) %Bh'&cfeﬁ Rfir ®ETohth@r boiERn. HDS

settled in 10 m nutes. Mreover, the sludge volunme was reduced 20 by 30-40%
for the HhseOoé dnbBr, lavingthe heighGifgsovairiote tbfeeSjuadge obtimohthercontamevacancy

Structure of_ Addi vV, culite | ed with

St bvated o tanEehia Bl in T o nRerr R A i S oD BGu bR, ayer s
of verni cul i TRe didReEnduk@thdQtht tlSQundButlbd Yo Mixesligusk Wefd ®ittin ftRrsaldee sl udge
bacteria, with an average size of 1 pm to grow 25 within the vermculite.

Clusters of eproparimentrse thaumaeddiarrvastkepliachneonipiaeelor béengastentiay me of
verm cul i te., tha ﬁ%ﬂgfﬂhﬁgg th"é{uﬁ%& gf&%gglfh@ggagﬁ ghé’é%t‘%ﬁébé(‘{‘?&ﬁ offiflr egat es

of bacterial "gro nown I'vat e as a nean oc size

of about1320geentdiesre @hichReasdgee gadiebloskeser ved in the SEM i mages were
activated sludge floc grown within the vermculite, generating HDS.

Example 2: Culturing of a High Density Sludge with additives: The culturing
process.
The c;ulturing container described in Example 1 was filled with mixed liquor
from the activated sludge (AS) tank in the wastewater treatment plant for
20  inoculation. The settled sludge volume was measured to be 300 — 400 ml/L. 1 ‘kg—
additives were added to the container after wetting with water. The container was
aerated to maintain the dissolved oxygen (DO) level at 3 mg/L. Aﬁer one week, the
following steps were repeated every 6 hours.
1) Stop aeration and close the mixed liquor inlet;
25 2) After 30 minutes, replace 12 L upper portion of the mixed liquor and close
the inlet; |
3) Start aeration.
Example 3: Culturing of sludge with additives: Application of HDS to Activated
Sludge Process.

30 When needed, HDS generated in Example 2 was taken from the HDS outlet

described in Example 1 after acration was stopped for 30 minutes. An amount of



- 16 - Exanple 7: Conmposition of HDS Thernogravinetric Analysis (TGA) was
performed to gauge the percentage of vermiculite present in HDS ba/ r enoval
of water ‘ﬁﬁ&“g‘&%&?éti on of all of the organic conpoundsPESRCAN AT t hin

the HDS. Sanples were heated to 550 C angs 51000 C, and showed differences
in appearance of the vermculite, with the fornmer appearing dull and dark
brown, and the | atter appearing shiny and bright yellow These physical

charact eri st Hiss (vaghaRiad thdAS thilesPGhi HlBHcHrdHEE o NAMI G AhS R ffohemoved
at 1000 C, but only partially renoved at 550 C. Hydrated vermiculite is

known to havto §0 edt-erSeverah laboseplee A§htanksowsrenised sigaltanqowely eand epsrasippah i n

FIG 107, the HD§eI o8t 82.6}{%01; cl ts Weirﬁhtta' denonstrating that there were
subst ances oPHAPCIRLT TATRE P RrUERE THE f‘%‘%@ers- of vermculite. This-

result explained the different |evels | udge vol ume decre wi th HDS as
Conpar ed Lo ERG Ik EnanaRuEokhe Fofed Sudgbl eSS ¢ mese CES

151. Ei kel boom D. H (2000) Sul fur storj ng bacteria and bul ki ng of
activated sl udgeA Nralimpary grédees donewiih e §ipss of eddiiwstwithdiffgrenbol | ut i on

- Principle i g, i C | Pal , :
249- 466 |;5/\R§’Bg]§|l:s|§% ’?ﬁgfe"fgnfa‘gﬁ?%@ lggﬁaa%'dgle%? 0 %@gﬁ%dg%@?g?égo? and
Ver straete, WastEwater bviab atoyndl 0@0 ilg/lt.i At D spaga €Dy Rddidirhateref siageHDiayci ent

Control of Activated Sl udge Fil anept ous Bul Ki ‘Water Research 35, (2001),
2995-3003. 3. ),ﬁ@%mwﬂé era‘r hourhgl freABe RIS B 48 oFPRred with pormale

activated sl udagiisys HER.f &L sitdvifinl 16 @?A% QOB bk 2411 WRIHWAR Fronfr 0duct
Engi neeri ng and Chem cal Technology 17 (2009), 167-17/0. 254.W szni owski ,

J., et all Th&ddbhbete Bf% bphtdS ki tht gatdlstage cavmpesilt ohthe onicbhggher cs and
nitrogen renoyal in an activyated.sl udge systemw bentonite itive, J
Envi r onnment aﬁ&’%g)é\é:ﬁmﬁxt,y oéghe( i}%l&;]\je,s. :gtgr_ngére stage, Ctdb removal rates oafqgll)g

were still at least 10% higher than normal AS. Smaller particles showed slightly

better performance due to the higher surface area. FIG. 3 (B) shows that the COD

removal is dependent on the amount of additives used for culturing of HDS.
15 Example 5: Sludge Settling Volume with HDS in AS Process.

FIG. 4 shows the volume of the settled sludge over time in the settling
process. This was tested using 25 mL measuring cylinder filled with mixed liquor
with normal AS and with HDS. While normal AS requires more than 30 minutes of
settling time, HDS settled in 10 minutes. Moreover, the sludge volume was reduced

- 20 by 30-40% for the case of HDS.
Example 6: Observation of Sludge Growth in the Vacancy Structure of Additives

SEM images of vermiculite loaded with activated sludge are shown in FIG.
6. The vacant spaces between the layers of vermiculite ranged from 10 to 20 um,
which was sufficient for the sludge bacteria, with an average size of 1 um, to grow
25  within the vermiculite. Clusters of growth were found within the vacant spaces
between layers of vermiculite. The magnified view suggested that the clusters were
aggregates of bacterial growth. It is known that activated sludge has a mean floc
size of about 20um. Hence, the aggregates observed in the SEM images were

activated sludge floc grown within the vermiculite, generating HDS.
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5.Hrenovic, J., and Tibljas, D., Phosphorus renoval from wastewater by

bi oaugnent ed acti vated sludge with different anounts of natural zeolite

30addi ti MO 28tYMHP¥S in Surface Science and Catal ysis 14FCT{S53¢3{000257
1743-1750. - 17 - 6.Obeng, L. A, Lesterg-J. N, Perry, R, Further
studies on the influence of Zeolite Type A on netal transfer in the
activated sludge process, Environnental International 3, (1980), 225.

The teachi nggx@hpial7t CoApENEiSn oPHPISi shed applications and references cited
5herein are incorporated by reference in their entirety. VWiile this

i nvention has bee el 1.y T@ﬂ% | | to
exanpl e enbodi men?}s1 t O%#%%*ﬁ%%%e n\ggsﬁg’e[rgog@g%gﬂ %Zﬂ'l(%é Zﬁ{éﬁ?@g%ei n the
art that varofowesmodubiregessennif DS tyrdmoeslaiflveatereand bembastéont dfealled fitheni t hout
departing fromthe scope, of the inventi ngonpassed t he pended
claims - G EniEgoTpRt o g MR the DS1 SATpNIE PRt .
treat ments  COHIRY IS aR@ shdWeddifiBlehfS iR aPhParle 38 e ethitdtR, (JihShe RAMRE! ST NG

at | east one sol |_d 5mneral additive and m croorgani sns; b) exposing
wast ewat er tappetengHbgl afd dark prava), ahd therlatertappedring shinydgpd trhkyeldv.agi t at i ng

e, vasteval g St TR MLl SIS, B SRS L
(b) for reusenigved Be10DOWES bEVGHIE partihBAtTRMed R EHOIC. Hydrated vermiculite is
known to have greater than 90% weight loss with TGA. However, as shown in FIG.
10 7, the HDS lost 82.2% of its weight, demonstrating that there were substances other
than water in between the layers of vermiculite. This result explained the different
levels of sludge volume decrease with HDS as compared to NAS, which loses
98.7% of its weight in TGA.
REFERENCES
15 L Eikelboom, D. H. (2000) Sulfur storing bacteria and bulking of activated
sludge. In Environmental Technologies to Treat Sulfur Pollution — |
Principles and Engineering, eds. P. N. L. Lens and L. Hulshoff Pol, pp. 449-
466. IWA Publishing, London.

2. Seka, A. M., Van de Wiele, T., and Verstraete, W. Feasibility of a Multi-
20 Component Additive for Efficient Control of Activated Sludge Filamentous
‘ Bulking, Water Research 35, (2001), 2995-3003.

3. Zhang, W, et al. The role of diatomite particles in the activated sludge
system for treating coal gasification wastewater, Product Engineering and

Chemical Technology 17 (2009), 167-170.

25 4. Wiszniowski, J., et al. The effect of landfill leachate composition on organics
and nitrogen removal in an activated sludge system with bentonite additive,

J. Environmental Management, 85 (2007), 59-68.

5. Hrénovic, J., and Tibljas, D., Phosphorus removal from wastewater by
bioaugmented activated sludge with different amounts of natural zeolite

30 addition, Studies in Surface Science and Catalysis 142, (2002), 1743-1750.



2. The method of claim1, wherein step (a) conprises: d)mxing at Ieast one
solid mneral additive and water in a handling tank to forma m xtur

15e) i ntr o¥QHY12RE nixture of step (d) into a culturi nﬁcfr@ﬁ;ﬁowﬂ)ﬁ?zsz:ont ai ns
an aliquot of a mxed |iquor conprising.mcroorgani snms, wastewater, and
organi ¢ waste obtained froman activated sl udge tank; agi tating by aerating
the m xture and the m xed |iquor of step (e) to allow the mcroorganisns to
degrade the grganObeN@3t @., LAGTERW. 206rR), R rinRe stilHes of tleigaiEidaeg of claim
1 or claim2, wherein step (b) conpri ses: introducing the HDS from step (a)
to the activated Zroigdypankonmewd! iransierdp thieegctivaled gludge progessy aerating the

wast ewat er andth e tank to allow the

m croorgani sms to v’é?n%é”‘flpgter?aélz%fl}cﬁ%@’,f%gd to allow the HDS to bind
di ssol ved and sus nde Sol i re t, in.the was for a ri od of
VA I R T R W it IR Tt o S R

(NAS), and H%em-raﬁ'@lr{@%%ed)f)y ARYreROLInQheif btiBF. 1- 3, wherein st ep (c)
conprises: 30i)separating the treated wastewatér fromthe mixture of step

(hy; - 19 - k)tr }, instep (J)
to the handling t gﬂﬁfeqp{sst epﬁ%ﬁ gé@ée,&%%cﬁ%ly%%gwﬁggg ?%rg& t%g%lat ment ,
conpri si ng: references to example embodiments thereof, it will be understood by those skilled in

the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.



a) mxing at |least one solid mneral additive and water in a handling tank
to forma mxture; b) introducing the m xture of step (a) into a culturing
tank thatWOSRBAAYSan aliquot of a mixed Iiquor conprisPRESERERAOZFANI sns,
wast ewat er, and organi c waste obtained f{gm an activated sludge tank;
loc)agitating by aerating the m xture and the m xed |iquor of step (b) to
allow the mcroorgani sns to degrade the organic waste, thereby formng a
hi gh-densi tycglauge (HDS); d)introducing the HDS fromstep (c) to the
activated sludge tank used in step (b); 15e)agitating by aerating the

wast ewat er aWthI{EeAH%d 0 the activated sludge tank to allow the

m cr oorgani sns to egrade the organic waste, and to allow the HDS to bind
di ssol ved and suspended solids, if present, in the waste, for a period of
time to yield. a mA(matheddérWamvmdtv@smaWaMEmprisimg“rml activated sl udge

(NAS), and HDS; 20separati.n h r eat wa ter from m xt ur.e of
step (e): g) sepafhti nQrePHBgﬁE@%fcieBFh%fﬁ M@f@ﬁls gt E‘if‘s 0'1[19 or

Si ze; andsh) transferrmgelﬁpadd@[ﬁ,%tang%h&fr dnflend:IDS separated in step (g) to
the handling tank of step (a). %hod of claim5, further

conprising: i) ad#)ng anp®itfgemstwt@zrmmhﬂ HBS of stipa(b) i ani activttedsludgend

containing strains cap in nlc es t the cul turing
tank in case the for na?ar“k(r?n PgFf%%‘%atﬂ é”gétﬁwg adWXSF \%gste in
step (e) is not effici@ghted wastd@ater, nofmal aﬁ:tlvated sludge, and HDS; and

c) separating the HDS from the mixture of step (b) for reuse in the
10 wastewater treatment method.
2. The method of claim 1, wherein step (a) comprises:
d) mixing at least one solid mineral additive and water in a handling

tank to form a mixture;

15 ‘ e) introducing the mixture of step (d) into a culturing tank that contains
an aliquot of a mixed liquor comprising microorganisms, wastewater,
and organic waste obtained from an activated sludge tank;

f) agitating by aerating the mixture and the mixed liquor of step (e) to
allow the microorganisms to degrade the organic waste, thereby

20 forming the HDS.

3. The method of claim 1 or claim 2, wherein step (b) comprises:
g) introducing the HDS from step (a) to the activated sludge tank used
in step (e);
h) agitating by aerating the wastewater and the HDS in the activated
25 sludge tank to allow the microorganisms to degrade the organic
waste, and to allow the HDS to bind dissolved and suspended solids,
if present, in the waste, for a period of time to yield a mixture of

treated wastewater, normal activated sludge (NAS), and HDS.

4. The method of any one of claims 1-3, wherein step (c¢) comprises: |
30 i) separating the treated wastewater from the mixture of step (h);

j) separating the HDS from the NAS of step (i) by density or size; and
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transferring at least part of the HDS separated in step (j) to the
handling tank of step (d).

A method for wastewater treatment, comprising:

9.

WO 2013/012395
k)
5 a)
b)
10 c)
d)
15 e)
20 )
g)
h)

25

mixing at least one solid mineral additive and water in a handling
tank to form a mixture;

introducing the mixture of step (a) into a culturing tank that contains
an aliquot of a mixed liquor comprising microorganisms, wastewater,
and organic waste obtained from an activated sludge tank;

agitating by aerating the mixture and the mixed liquor of step (b) to
allow the microorganisms to degrade the organic waste, thereby
forming a high-density sludge (HDS);

introducing the HDS from step (c) to the activated sludge tank used
in .step (b); ‘

' agitating by aerating the wastewater and the HDS in the activated

sludge tank to allow the microorganisms to degrade the organic
waste, and to allow the HDS to bind dissolved and suspended solids,
if present, in the waste, for a period of time to yield a mixture of
treated wastewater, normal activated sludge (NAS), and HDS;
separating the treated wastewater from the mixture of step (¢);
separating the HDS from the NAS of step (f) by density or size; and
transferring at least part of the HDS separated in step (g) to the

‘handling tank of step (a).

The method of claim §, further comprising:

)

adding an effective amount of a viable microbial blend containing
strains capable of degrading organic wastes to the culturing tank in
case the formation of HDS in step (c) or degradation of waste in step

(e) is not efficient.



14. 30 The nethod of claim4 or claim5, wherein separating the HDS from
the NAS by density or size occurs in a density selective separation device
or a sizeV92PBIPIP& separati on device. The met hod of anfCHEE2H2/ 004287 s 1- 7,
wherein the at | east one solid mneral aggditive is selected from
attapulgite, bentonite, diatomaceous earth, nontnorillonite, perlite,
spilite, vermculite, zeolite, talc, kaolinite, albite, oligoclase,

byt owni t e, amort hiThe mefHod\GfRBimensricMiint 8 witrQR S¢S atidAhO PIDNE6m tROr OUs
silicate mnerals, or conbinations thereof. The nmethod of claim4, wherein
steps (j) and (k) NySebyédansipept srsreerunhiars dansityseleasivasepargggindgviceanaed
conpri ses a high g;lczjgléeggctt.vgfetoxt;o% { ons. The nmethod of claimb5, wherein
steps (g) and (h) afe Aot Bel?afr%rneg vﬁﬁfen t he wast ewater being treated
conprises a high content of toxic ions. The method of claim2 or claimb,
wherein the aeration allows aerobic microorganisns to grow inside a porous
struct ur@ of 8t he ABRImethpdofany opnokclaimst ladeWhgreintibe alddgast ppesolidomingrah an HDS
cluster. The nethgd:.of . ¢l ai 11 ' t aration

Gevi co i's a 1ot at s £ Bl robl Bl Rk WorlddR. SRGHELLSR B0 Ty

sel ecti ve separ at montma@illonéte] serhiteceilite] fargcsied aealitortalc ke limett hbiteQf cl ai m
13, wherein the centrifuge separator .allows treated wastewater, the nornal

activated sl udge, Olégﬂ?lis yﬁ‘?‘@‘l‘\‘te@lé‘iﬁ%‘?m?a %lliﬂaj@@_nﬁtéﬁ@aéiﬁpﬁﬂ%woﬂ'wm’ a
separate outlet, %\(g%g?giﬂcggﬁ{;né}gl ,lc?rtcohﬁ)irpa?i%ﬁh{%ﬁﬁ at a different height.

-21- 15. The neth any one of clains 1- erein the wastewater is
equal i zeld prior to entering the activated sludge tank. 16. The net hod of
any one of clains at | east one solid m'?eral Haddjtive is

-15 rein th
washed with terT%%mﬁfhé’\é&%\‘ig‘“Br‘l‘dw By HeRs ks ge ot RerEImed heatbe pri or

to use in the nmet{@dewater being treated comprises a high content of toxic ions.

10. The method of claim 5, wherein steps (g) and (h) are not performed when the

15 wastewater being treated comprises a high content of toxic ions.

11. The method of claim 2 or claim 5, wherein the aeration allows aerobic
microorganisms to grow inside a porous structure of the additives and on a

surface of the additives to form an HDS cluster.

20
12. The method of claim 7, wherein the size selective separation device is a
rotating sieve.
13.  The method of claim 7, wherein the density selective separation device is a
25 centrifuge separator.

14. The method of claim 13, wherein the centrifuge separator allows treated
wastewater, the normal activated sludge, and the high density sludge to each
flow toward a separate outlet, wherein each outlet is positioned at a different

30 height.
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15.

16.

221 -

The method of any one of claims 1-14, wherein the wastewater is eqﬁalized

prior to entering the activated sludge tank.

The method of any one of claims 1-15, wherein the at least one solid mineral
additive is washed with water to dissolve and remove a water-soluble

contaminant prior to use in the method.



