DEVI CE AND METHOD FOR DYNAM C PROCESSI NG I N WATER
PURI FI CATI ON [ 0001] Conventional nunicipal water
treatment (MAT) includes multi- stage filtration and
sequenti al process steps for coagul ation,

floccul ation, and sedinentation. Typically, a m ninum
of two stages of filtration nust include coarse 2-3
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|sI adletistot tien spppki fed tarbanmeddtoraiierl N6t eThidb chbimidal is
typically added for taste and odor control. Other substitutes may include
ozone and other oxidizing agents. Next, chlorine is added to the supply
and mixed in a mixer 18. Flash mixing wherein coagulants (e.g., Alum,
FeCls, ACH, etc.) are added is then performed in a flash mixer 20.
Flocculants -- made of long chain polymers with a high molecular weight
-- are added at a flocculation stage and mixed in a slow mixer 22. The
supply is then sent to a sedimentation tank 22 where particles settle out
of the effluent as a result of gravitational forces. The flow from the
sedimentation tank is then provided to a multimedia filter 26 which

operates to remove remaining small particles. The output of the system



operates to renove remaining small particles. The

out put of the system 1 can then be used for a variety
of purposes. In one form chlorine is added to the
output. The nmultinmedia filter is frequently
backwashed, and the backwash is optionally fed back
to the water source. In this backwash, or feedback
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effectively purify water.

[0005] In one aspect of the presently described embodiments, the
system comprises an inlet to receive water from a source, a filter stage
operative to filter first particles, a mixing stage operative to receive and
coagulate the filtered water, a spiral stage operative to receive the
coagulated water, treat with flocculant, and separate second particles
from the water, a second filter stage operative to filter third particles from
the water; and, an outlet.

[0006] In another aspect of the presently described embodiments, the

first filter stage is a screen filter.



the water; and, an outlet. [0006] In another aspect of
the presently descri bed enbodi nents, the first filter
stage is a screen filter. 2 [0007] In another aspect
of the presently described enbodi nents, the spiral
stage is incorporated in a single spiral device.
[0008] In another aspect of the presently described
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[0014] In another aspect of the presently described embodiments, the

first particles are approximately 1-3 mm in diameter.

[0015] In another aspect of the presently described embodiments, the
second particles are approximately 5 um or larger in diameter.

[0016] In another aspect of the presently described embodiments, the
third particles are 0.5 um or larger in diameter.

[0017] In another aspect of the presently déscribed embodiments, the
method comprises receiving water from a source, filtering the water to
remove first particles, flash mixing the filtered water with chlorine and
coagulant , slow mixing output of the first spiral stage with flocculant in a
spiral stage, separating second particles in the spiral stage, and,

filtering the output of the spiral stage to remove third particles.



renove first particles, flash mxing the filtered
water with chlorine and coagulant , slow m xing
output of the first spiral stage with flocculant in a
spiral stage, separating second particles in the
spiral stage, and, filtering the output of the spiral
stage to renove third particles. 3 [0018] In another
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[0024] In another aspect of the presently described embodiments, the
third particles are 0.5 um or larger in diameter.

[0025] Figure 1 is a schematic diagram showing a conventional water
treatment.

[0026] Figure 2 is a typical timing diagram for stages of coagulation,
flocculation, and sedimentation in a conventional water treatment
system.

[0027] Figures 3(a) and 3(b) illustrate systems according to the
presently described embodiments.

[0028] Figures 4(a)-(c) illustrate an example of a spiral device
designed for 1uym particle cut-off and 100L/min throughput.

[0029] Figure 5 illustrates another embodiment;

[0030] Figures 6(a) and 6(b) illustrate still another embodiment;
[0031] Figures 7(a) and 7(b) show a Coulter counter quantification of

particle extraction.



presently described enbodi nents. [0028] Figures
4(a)-(c) illustrate an exanple of a spiral device
designed for 1 pmparticle cut-off and 100L/m n

t hroughput. [0029] Figure 5 illustrates another

enbodi nent; [0030] Figures 6(a) and 6(b) illustrate
still another enbodi nent; [0031] Figures 7(a) and 7(b)

[6092] & CRUiré & i< AUEH A% s%'é%\ﬂﬁ%fd Fébh@ﬁ fof paPBEIL §ik8 to NTU
extractlon 4 [0032] Figure Is a chart showing a

readliagi on for particle SI ze to NTU reading. [0033]

1907 CoghfarPoh anaPrbettrtBofibiedoshl miganaaicas for

ca;agapat@rmda;i@ﬂbbcgﬂa@wlqcoagul ation and sedi mentation
ti mes and savings calculation. [0035] Figure 11

[0934st rRigaEesan 1 Bieanand ) sbewupoagilatian angssedimentation
tlﬁ?%%e%har%%&g[s[gﬁggﬂatl ngure 12 shows turbidity as
un

ction o or a jar tests with standard

[@G35ip! eFiBhremMsthnmstmt@e (@anpkperimentsigWetap for jar test
addi.tion. [0037] Figure 13 is a conparison of the
eXREUtIEES t urbidity data for two different jar tests

d | Ol
[GF% r elslf E1’4( a)qaaérlecjj qﬁ?ﬂ)@@hﬁ?ﬁ%ﬁ gﬂlg}e[ %Qf@ ol teﬁts with
sfamndard{sampie &) ianehstepTiviseb{saenplet A) sdmmsla?haddttmmdar d
the nodifie

4 7 3uahfE ok o Balioncdt il riasitety turbnojn?rdata for

tW@@%r@ﬁemr&egw tcﬁg d.ﬂ@s.Bhrcﬁtvéﬁpa r@&a@l%n r{q@}@
Fi gure 15" shows fits of test data Eqn. (7). BI ack:

[@@ldar'ﬁgu[@ 140, anCéd4(lhbdh©WeNTJUadata3§Qr attypicadljadtest
ip8uktr, Thel bl dat RnEAb TR < Bhapre Esh roslis, the pin

cmrrv@nsﬁ@rnnidamwl jaapRstamdsUle. WarTRe InRAt SRoWst Bdd turbidity
mleg%%rrepn%g%%segurmg the first 30 minutes.

[0039] Figure 15 shows fits of test data to Eqn. (7). Black: standard
jar test; red: modified jar test; the solid line is the fit to the data points.
[0040] The ©presently described embodiments represent a
transformational approach to water treatment that incorporates
membrane-free filtration with dynamic processing of the fluid to
significantly reduce treatment times, chemical cost, land use, and
operational overhead. The approach provides hybrid capabilities of
filtration together with chemical treatment as the water. is transported
through various spiral stages.

[0041] Features of the system include, but are not limited to, the
following:

[0042] 1) Use of a spiral particle extraction capability as a front-end to

lighten the TSS (total suspended solids) loading on the system. The



menbrane-free filtration with dynam c processing of
the fluid to significantly reduce treatnent tines,
chem cal cost, land use, and operational overhead.
The approach provides hybrid capabilities of

filtration together with chemcal treatnment as the
water is transported through various spiral stages.
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[0%%7?rd' gEhltsoretglgl(rad pr_tlese zalx)yarqg?tg)r 'sggv‘?/ schematics of example
water treatment plants according to the presently described
embodiments. These embodiments llustrate replacing selected
components of the conventional system with components shown within
the inscribed ellipse of Figure 3(a). Elimination of, for example, the
flocculation step results in a reduced footprint and a reduced use of
chemicals.

[0048] As shown in Fig. 3(a), a system 100 is used to process water
from a water source 102. The system includes a screen filter 104
operative to remove relatively large particles from the supply. These
particles are typically in the range of 1 mm to 3 mm. Other larger
~ particles and objects (e.g., fish, trash, etc.) are also filtered out through
this screen. An optional pH adjustment may be made to the fluid as it

proceeds through the system.



enbodi nents. These enbodi nents illustrate replacing
sel ected conponents of the conventional systemwth
conmponents shown within the inscribed ellipse of
Figure 3(a). Elimnation of, for exanple, the
flocculation step results in a reduced footprint and a
reduced use of chemcals. [0048] As shown in Fig.
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device 112 are typically in the 0.5 um or larger range. Also shown in the
system 100 is an optional spiral stage 114 that provides for dewatering.
In this stage, the spiral dewatering device receives backwash fluid from
the filter 112 and separates sludge from water which is provided back to
the water source.

[0051] In operation, the system 100 receives water from the source
102 which may include ground, surface, brackish, sea or waste water.
This water is filtered through the screen filter 104 to remove a first group
of particles in the noted range. The water supply is then flash mixed in
stage 106 along with the potassium permanganate, coagulant, and
chlorine. Next, flocculant is slow mixed into the supply in spiral slow
mixing stage 108. In the third spiral stage 110, another group of
particles is separated out from the supply. As noted, these particles are



filtering nedia or nenbrane filters to, for exanple,
conformto EPA nmandates for physical barriers. The
particles that are filtered by the filter device 112
are typically in the 0.5 .tmor larger range. Al so
shown in the system 100 is an optional spiral stage
114 that provides for dewatering. In this stage, the
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Thér EpikAr detARs ﬁDQméffébtﬁ/@RP' Yeflfc8s. the flocculation and
sedimentation stage of conventional systems and is designed to achieve
substantially similar objectives through the use of spiral separation.
Flocculant may be added at this stage as well.

[0054] The outlet 111 connects to a waste stream 115 which, as
shown, includee particles greater than 1-5 micrometers in size. Also
shown is an optional recirculation path 117 that may have disposed
therein a reduced coagulation tank 119. The recirculation path connects
with the inlet 107 of the device 109. The outlet 113 connects to a filter
112, which operates and is configured as described above in connection
with Figure 3(a). . .
[0055] An example of spiral wound prototype of a spiral device is
shown in Figure 4(a). The device is designed for 100L/min throughput.



particles/objects in the Immto 3 nmrange or |arger).
Also shown is a flash m xer 105 operative to flash

m x coagul ant and other suitable chemicals into the
supply. Turbulent m xing nmay be achieved in the flash
m xer 105 or in a separate device. A spiral device 109
is shown. The spiral device 109 includes an inlet 107
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stagearaputdted albeve The outltple mtemﬂbaﬁegegpﬂamstages are
channel . eqr 205 for
TPt SRETENs; Qe URenTng OURRLE 35 Npgp mibtha. slow
m@ﬂﬁ@%’ﬁd Qéﬁaraﬁﬁg&i}@w&kbﬁ |ﬁtc9acc%diﬁt intthe Mb’n 39éa@ﬁ of the

t he iral device may be conﬁglsed of a sing
st@meusm 9r auameleHagneharme) widpy agd féﬂwe/ﬁ*%mtwef eqghy of the

%&/%lgdgggg\%t] gﬂgl {;ﬁw?%qpar a'ItOInVYﬁ%Easg)n S e&%%,y nﬁé’méﬂtﬂ?on, In

thed beg@itB it 8ROUId2212p baned2P<toottthas the spéralidegicet sloawn is
mterpglty gﬁ\ he(e;ara]bjlgbe%Snyoglnli)l?rraé;gl(?él 82\%226r|nséy be implemented to
achieve the objectives of the presently described embodiments. For
example, spiral devices may be used. It should be appreciated that any
suitable material may be used to implement the spiral devices of the
contemplated system.

[0057] Further, the dimensions of the spiral channel may vary
depending on the implementation. In one form, however, the diameter of
the spiral device is 12 inches and the height may vary from 1 inch t0o16
inches. The dimensions may have an impact on pressure and output
power of the system. Likewise, dimensions of the actual channels may
impact pressure and power output. Generally, more pressure (which

can be a result of a narrow channel) will result in more power.



are possi bl e dependi ng on desired throughput,

manuf acturing option, and fabrication cost. [0056]
The spiral device 200 may be structured so that a
single spiral stage, as noted above, or nultiple
contenpl ated spirals stages are incorporated therein.
O course, the objectives of flash m xing, slow

[0058]"0 ARE, HePYedtha/f Betcﬂé%%%dbﬁtﬁcﬂéﬁ%‘l’é&ed th bBeallel to
desi'gn of each of the “stages. For exanple, the

achimveecgreatet hoatal of dhe weitpat apdistr @eeterothrotghpyt thyewgh
is taken into consideration in the spiral i ce
the sYEEN, LAY 8 RePE AR cRBnide VB Bl SHRET R purposes.
mmdﬁéfétm hbat td kgeRl bala devharcembddIMent toahel prezently
exanp Any simlar 3ﬁ|ral devi ce nag be i1 nmpl enent ed
@

dﬁacrlta@dueembomﬁ@er&ﬁj BcsNowa. oflnt thés mra %wgntd@scprurtﬁ@atlon

e T

particles otﬁ&&ftﬂeﬁsmt igipgs nimtthé rexasppleasysier skswaf thdiparticles
| at.ed system Furt her, the di nensions of

cont errF 005;11
afg,dseltet|in chahriel 19&5‘“%’ vetef digBe8: nd orshoye, the system
t; f #al
R by bt s s O lcohRERNRD o' e PR SRy g 50
haviog an imMeh500,18s welchsa. flr“§heudetrﬁﬁslamisa ruejcohd\mltm’u 51 0.

[mpact aon pres e and outp power of t St
TheTEHood o fieiRtl &5, 208nStR looe RRLShA Snitl SepaT AT 520 by
V\ﬁavﬂﬁ%n miieesgpe pRE sfb%#%e%kﬁé? 52@e|'ﬂ1%hﬁiésya fﬁ@( Butlet 524

pressure (which can be a result of a narrow channel)

angl 19 seeangd ouilet 526 @sphyn. 9 [ 0058] Al so, the device

be sc apd/ or _pl ac i n 1 el G iev
1900, e RSB o e RysBRTETo WuF 8hE seBgpbpa iR HtEges
fd&ttat@@lﬂrstt évémhontdfqoamre%nbet/o\ﬁeem thse 6f gidlater than 10
exanpl e used for explanatory purposes, wth reference

Migremeiers fpiag soutput frpRetha Eﬁi. fRifel SgPaFioprigsanagte
<SS ARE aPIad 0 05ROt Ond D oSTBALITL spBone
spieplasegidratorsy2i éon hwthaqirat:essmg. The second spiral separator
then separates particles greater than 1 micrometer and outputs fluid
within which those particles reside by way of outlet 524. The remaining
fluid or effluent is output through outlet 526. In this manner, the system
500 is able to isolate particles between 1 and 10 micrometers for various
sampling processing. This concept can be extended by continued
cascading of spiral structures with smaller size cut-offs to achieve
fractionation of particles with decreasing size ranges.

[0060] With reference to Figures 6(a) and 6(b), an example parallel
system is shown. The embodiment of Figure 6(a) shows a spiral device
700 that is a spiral wound device. Other types of spiral devices may
also be used—this is simply an example. This device 700 includes a

spirally wound body 704 having inlet 706, a first outlet 708 and a second
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particles of different sizes. In the exanple system
shown, the particles are isolated in a 1 to 10

m croneter range. As shown, the system includes an

i nput water source 502 connecting to a spiral
separator 504 having an inlet 506, as well as a first
outl et 508 and a second outlet 510. The second outl et

obiet vsocoméqieaﬁcé T0D Sa%caﬁ@kmﬁnhrrabuﬁ@mbﬁtrﬁé %')é)dbébosed

way of an inlet 522. The spiral Barator 520 i ncl udes
Iraafw%errbwhleé@msa@lur@iw af @l@me@ 600 |ase meatée@h@mrallel

898 P BEER 2010 BN B My B S 7Sl

lines tfoe| tbe Hevleenatd amnelctad et@téfflifsl‘ﬂa@utl& main 722. The
m croneters being output fromthe first spiral
saepad audet iines aldbecdeyeeeR0aAte parpeeiedsto asecopdroutiet
roneters being input to the second spiral
separator 520 for further processing. The second
[()sQﬂ’r]aI Inepigiuae of(a) t tren gaepdfiat aespistusingsa gadterr Counter

t ha and puts fluid wthin which
af%égevvﬁawﬁ ng"s‘)%r HEege '{‘Fr GRS O CONCeBiration argngeen at the
péﬁr&ﬂétbn%uu&{ Wd 9o 1 B %&H%ehohseﬁ%ég»gyét ggggaggfe@t kSh be

this manner, the system
furﬁ'(ﬂraoptnmzed dbelsrmmtvaeperfbrmadceo i drigoes 6f(b),f tire single

cHGnsloRa0 B ie LB e chanaD 236 S n G Histe ushanne

207 i sREWA! eThé'pé?tléléé sebjectitd s%‘b'élrﬁﬁ@n ar& agblenat 2 PN
of particles with decreasing size ranges. [0060] Wth

[Q0&2dr eer@ 8 sortajnsalata (ta)esdintate(the, cesl ashamtage in adoption

o s e faen, e Bl BRy Ofs" RN FERp B ket iSags

théewwSein Qoloer is Y4B:300f VEPD! alepieye ity rrﬁy6°/alcsr0tdta| water
used-this is S|nply an exanple This device 7
conRYraten aTo%uqhﬁmK]alA%QﬁHOB&@@gPM'%@ﬂﬂé'qcﬁulﬁt'%'§ $2B

AP ool 0008 Seager e bl 1y e o

potabie syateznmismiarid. nTalrlpxIdliyaIn tr;ep:)‘feldnem’rtn'@sumw (NT) is a
let. majn 720 fr

ST PR e e ths: Weteiringusido delemisg ing e and el
of water treatment. This is a measure of optical transmission and
scattering, and includes effects of particle size, density, and color. By
. using the spiral device to reduce particles in the effluent stream to sub-
micron size, the turbidity is reduced to less than 0.78 NTU (Fig. 8).
Using the data in Fig. 9, the reduction in turbidity of 23 NTUs would
result in chemical costs of $2.1B per year (43,300 x 23 x 5.79 = $5.766
M/day @2.104B/year). Figs. 10(a) and 10(b) show the combined
coagulation and sedimentation times based on estimated rates of
agglomeration assuming that a 30nm particle grows into a 1um particle
in 20 minutes. For a combined coagulation and sedimentation time of

less than 4 hours, a suitable particle size is 70um in 44 minutes.
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lines for the devices are connected to a fi
main 722. The second outlet |ines of thefhgsfcggtggg
are connected to a second outlet main 724. [0061] In
Figure 7(a), the quantified results using a Coul ter
Count er are shown where 300 tinmes difference in
ggnigptr?tlon.are seen at the particulate outlet at
A iﬁ"gfm@gﬁﬁéc@@%fééﬁéew 5090 @f dRYi totalcamerbizal cost, the
Sﬁﬂﬁ . pti to inprove performance. I n Figure
salfis if"Sirainashe iteeh diooeLilant Ostieavis §OORM doF dag Year. The

annel 205 and concentrate channel i
moerctes o ac eor el DRV reflid gy ppyer ol
thgd%@gg%yhc%aggjgpgg ﬂéo%t?tﬁ\ﬁéihtﬁgéé rmliceudee landst cost and

. ¢ e present describ
LIRPsteaEdyrstrudtionycgsit abl e wat er usageyi n tLle Bg in

a
2000 is 43,300 M&D, re [
oGRS M S v v
i Yo Ml Rfere B depiicnsan et
. ; Ot . US mar ket for, potalle ;
rdtes $44B. efhamiali agglomeeqii) or‘féi‘?tlcé-urﬁrtog? %?‘ © Zﬁ 1S
f . . | (1 °TE
demorapmeany Maler eginiglf, $RbEfimldtfBhsifat ongertionaiciar

tq@ﬁé‘%ﬁ? afb \Qiﬂ%&taé doirangeivics. alar dests suaatsiandgrd ighgscale

cl'udes effects of ticl i i
picedizengor hepsimicia di L808 PN G iorPgEa e Ration
Str . j i g .
cptaabend perBEdaRe iR ey rantnens brodges e e on
a\j\ﬂgch.frg' <5‘fIr gﬂ;ﬂ?ttllant neededddepends on %mrhiow %@g sratiye pH of

ede;
9 3emngewatsrx g aprapiganale 3 FyftEisty BEp! ¥eBEtween 25

year) .

&85 (g 3NAlat06 b e Teasoubbndthe starglardijapest is
gitsapsesermascmsoprenesin o s T VSIS bty
dcabighataterent 2 oao 2oL ufiig WhiERTRe agulant s added
r?a‘é%ﬁl?'arﬁi fH bRPleR P the |samspleeisi adjusted to a4vaiﬁgut4fe% using
1N NaOH solution. In a second phase stirring is reduced to a moderate
level (e.g. 25 to 30rpm) that promotes some mixing, but allows the
growth of larger floccs. In the third phase no external stirring takes place
while the particles grow even larger and sediment out of solution.

[p064] In a first modification of the standard jar test (subsequently
referred to as “step wise coagulant addition”) we added the coagulant
gradually in small doses, and adjusted the pH level to a value of 9 after
each of these additions.

[0065] In asecond modification (subsequently referred to as “modified
~jar test”), we pumped the fluid at a fixed flow rate through a spiral
channel device during phase 1, and optionally during phase 2. The

average shear rate inside the channel is approximately 300/s,
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Assumi ng that flocculant costs are 50% of the total
chem cal cost, the savings in elimnating the
flocculant step is $698M for the year. The nunbers
used here are representative of the chem cal cost
advantage of the spiral device. Oher cost advantages
i nclude |l and cost and associated construction cost.

doPEplongia i & O@@\%ﬁt&lr@ @fuatréqaﬁ\ﬂhed&orﬁpahﬁgn the average
transport through the various spiral stages refers

shear lﬁg@so*ﬂslﬂﬁaﬂlﬁ avirdrigel dhagmbenpkear are 4PBs apd é'r%&fﬁ@fethe

concept is
r%%ﬁjo%@?rg‘%‘*ém n %]ée%? rrggpg&'\%lexperi nments usi ng
[0066FENt Fignal 1 jshiowd ¢isd expierimentd! sietiyoutOCD $vi thad jar tests.

Jar tes are a standard | ab-scal e rocedure
ﬁ%}’éﬁgﬁ%""@p@é ﬁgcculatlon is performed in a 1000 rFr)ﬂ glass beaker

1299" m&mrgorgf ébﬁ%@%b%ltﬁr‘é $5H e Rl A O Rot o ﬁg §tﬂ§rgé 1012

perfornmarice In the water treatmnment process.
tlaatdcalarbmMpeoatedoagldhféenenmdeSdéTpnnﬂim orodified jar test, an
{ bi di,t Ll f.t

agditria) B SE S by, PR g5, uigget TS i diguit thiquoh a
spitaNEkbangl fOOMtTNE ﬂ@;w Vakt¢005 a@ﬂPHhtIQt 1006 b dMétged

Jjar test is typically perfornmed in three phases: In
buhavell edovehtise boliem itqupevest sisidimeat pickup.hThay rareealso

R . 0 N ich the, co | ant_is.
el PR A e ol Boll' §het no LIS ptiments
tatjidist ediuey ary akderddd AtuBédgentl s Grep@ |8t toOmorlitdr &he

second phase stirring is reduced-to a noderate |evel

Peargss 2 the HoepmptioRat Ofhemiastdeviers in thegetwx 1000 are
%?I AEtrh % Qf 929‘{ Qp%’&ﬂkéhgﬁ sckjlsggﬁ Sfor !egsé %?legﬁﬁrgatlon.

ase no ex er na

[Qﬂﬁ?t]i cl Esergr are elvf&relna;rgedeﬁmida:gagief gatlbnOlEtorOémall particles
ution. [.006 n.a first nodification of

agazmd%w PQFHQ%&' fk’%’BBs%H\ﬁ%‘?\ﬁ%Qre%?'%Pr%“tr@t% For darger

t dd e I
gtggﬁgﬁﬁgHFn srmﬁ dlgggs aandé‘)adsﬂg{de?d I}tﬁﬁﬁgPH?ﬁlge(meq {ates
aggregatmnofs Shedit domieatel. dh thh;eeas@dlde trnammurﬁq:&ﬁﬁ]:lel size

a second . nodi i on subse uent | eferred to as
is+ figfed; sinc ?éﬁ Sgaar)fo & Parfieles willi grease; withy the

afhRYdtet §izENaRY A entdRily aelzxceed the binding force between the
individual (primary) particles. Most of the particle aggregation and
flocculation happens while the sample liquid is not agitated or only
moderately stirred. In this case, diffusion driven aggregation is the
dominant growth mode for particles below a few um in size. The total

particle number decreases over time as

N@) = (1)
1+t/
where Ny is the particle concentration at the start of the experiment, t is time,
and t is the characteristic time scale of the process. For the diffusion driven

(or perikinetic) aggregation © depends on the fluid viscosity, temperature, the
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channel device during phase 1, and optionally during
phase 2. The average shear rate i nside the channel is
approxi mately 300/s, 12 corresponding to a

conventional square jar. In conparison, the average
shear rates inside the cylindrical glass beaker are
100/ s and 10/s for the rapid and sl ow m xi ng phases,
EARBAERH oY OPRARKISS. Bnd et ST bBICUSRA IR HW (oose
aﬁﬂdigbUVatoompaczt apdrdensed in a 1000 m gl ass beaker
1001. Mxing is achieved with a marine turbine rotor
and/or stirrer 1012 that can be operated at different

ds. T®idityhes Bddfel Wattlﬁél'i.ldeénbot%dﬁ?ﬁ! QBQbrptlon as
peri'staltic punp 1003 is used to

wellr agghlight seatteringharfheparimdes. THwudhyi it |Sn|rmt mosexact

R BieRt o 408, B RGPl br g BB Gyd sice the

shRp¥é dduill, aveina atill expecpassiilamtiess depehaence wfahé NTU
the experinments turbidity val ues are recorded _at

valugq il Rertidlens crifedngatleminatag thedneafgred Valieesio gpmpare

n‘%&%&r%@;ﬁ%%ﬂ? tg \r/% | @T{é cu?\?% v?ﬁﬁ'onﬁgéel' n%tﬂ@tn?ﬁé “WR it the

expeimeneal data toahe fahckampl anati on. [0067] There are
di fferent nodes of aggregation: For smal | particles
and/ or slow stirring di ffus:/g _drh Irfoven, aggr egat i on )
dom nates. For |arger part esm( pprzdx 1m and above%

B e 5y 9T e copon

batkygrbedd: since-the shear force on the particles wll
increase with the aggregate size and eventually
exceed the binding fﬁgg bet weef(Ne 'DL dual 3)
(primary) particles t) qf+g7tm artigle ag’@i‘fegatloﬁ
ﬁﬁd floccul ati on happens whil e the sanple liquidis
t agitated or only noderately stirred. In this
case, diffusion drlgle._nfflggr)eggu:@n%,s B, h-_eNmpm nant (4)
grovvth node for partl cl'es below a few min sige. The
article nunper ase er tinme

[OOOGtQ omparison o stargg r¢:iejar Sfe ¥vs step-w1se coaqgulant
addition

To start the aggregation process coagulant is added and the pH is adjusted

to an alkaline level of about 9. The rate and order of addition of these two
substances to the sample liquid matter, as they define the ionic strength of
the solution and the surface charge of the colloidal particles. Rapid mixing at
this stage is essential, as the coagulant destabilizes the sample solution at
the injection point and leads to the formation of very large, but loosely
connected, floccs that increase the local viscosity substantially. Sufficient
shear will break up this flocc network and promote good mixing of all the
coagulant within the sample volume. In the standard jar test, all the
coagulant is added first at a rapid rate, and then the pH is adjusted with 1N
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N(t)=1 Noy, (1) where No is the particle
concentration at the start of the experinent, t is
time, and ti is the characteristic tine scale of the
process. For the diffusion driven (or perikinetic)
aggregation i depends on the fluid viscosity,
tenperature, the 13 initial concentration of

J[II | g n. 39&ret R &dﬂﬁgﬁé&f éﬁiggétﬁﬂéfr‘%lngd&%s%iﬂWa( LRYSRise

Vs. conpact ense Turbidity 1's
paoaaeh:se;rwhetmthd ocagudast isoadded ghsmﬂmpumtenfdbwadeby an

| i ght tt f.f ti.cl h it t
BSnecteHE adhmerbt TerPH 1 o iy NRQHCIE R at i on o
[607Z® di iyl RUHWs ww.a#@y hasrarnts |a's°é“f@nct¥éﬁ1 maYme for
stil'l expect a simlar tine dependence of

bot v, thefsepapprqacéw@cant ar {ling versal rearneplet H@lﬂ%aMeaS the

oXBbns S SRR SRR o BREH 1, Kaolang i

ofa s hﬁnﬁt&lﬁéplaﬂﬂfﬁﬂig phake;bhick 79 folldWed byes 28emintad slow

fromEqgn. (1) by adding a tinme offset and a const ant
MixieRgP BRI q{m@(ﬂ)e AN IHIPUBLE @llowgp to settle. In the step-

T ;

WL BETRIE: 1 codbhBtias abbBd in & sEpsof PamB? each, The
total aatoemt\vofddaObhgoludion nml d It@rad]'wstsmarihnalfm-i to 9 varied
regation rocess coagul ant the His
baBTaRT dt Db Tamiie ST Bydi2 onf Hothe 8fepriase oagulant

r a ' f 4t t:an h
aBfliofl #ibotts Aeobbeting! o) RAGRL \dHiercted AnEfRef oM onic
cempesdgidn of the rmnlstibutarmmartljet mfa;cm fcheege har dglee gfolloidal

obHRCE FAE PR 10 WES s Bl TS SRl A4 ne
cé@édﬂbh@fblﬁiwed by an immediate pH adjustment leads to a faster and
more complete reduction of the turbidity. Fig. 13 shows a comparison of
the experimental data with the model predictions. Egn. (8) fits the data
quite well, suggesting that the perikinetic model is a good description of
the aggregation process in both of these jar test experiments. Assuming
that we start with the same initial concentration of colloidal particles, and
that we keep the temperature in both experiments the same, the faster
. aggregation rate for the step-wise coagulant process suggests that the
colloidal particles form denser aggregates that diffuse faster through the
solution. In other words, maintaining the pH close to the native pH of our
sample water during coagulant addition helps in the formation of
compact seed floccs that consequently lead to faster aggregation.

[0071] Comparison of standard jar test vs. modified jar test

Figs. 14(a) and (b) compare turbidity measurements for a standard and a
jar test experiment which uses an additional spiral device. In this case, the
sample was stirred initially at a high rate. After 3 minutes the stirrer was
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the injection point and | eads to the formation of very

| arge, but | oosely connected, floccs that increase

the local viscosity substantially. Sufficient shear

will break up this flocc network and pronote good

m xing of all the coagulant wthin the sanple vol une.

In the standard jar test, all the coagulant is added

' t n t

tu?ﬁ%cﬁtoifatll\[ﬁ %qﬁla%—‘égo l}%l}l'é‘ofnhet !]gﬁd R8s ?ﬁmgerzcg% Lé}sngW/ rate of
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miies o ERpdRHidg BOCER N7 FHEseHSIvEIRHnS flow
a%@'ﬂ"lb' @Uere{g(éoé%al;' Gte Lﬁs%@o‘%ﬁetéﬁ%rﬁltiﬁ %@ﬁwa?ﬂ%?&ér of

as a functron of tine for both of these approaches on
magditude @rger thamhe averagg ahean wetrh@dectbagwhadﬂcalmﬁaker

|
(SRR e R A8 ST e SO B o BB
afferdhe %@lﬁtﬁlrﬁh@WasfﬁtéﬂnpﬁQj gdnﬁ@ee @heted barv'wgrnetg@trﬁ@dmed
are allowed to settle. In't ste- V\Aseﬁgroce ure

jat testcthegNiThhreadirgsaateyad; ol tbmgboyt thep g, miswies While the

t
s TR mtopt HfotBhihl BhefRerPe; Bi Hithh, i irogpec
eveh hctentagidly theeeafterp( wirtke eoagtdtedtcuradydi Thersubstantially
process, suggesting a slight difference in either t

hlglamr %heaforﬁﬁ%wwrbﬂw%ﬂu@r%cwaﬁ'.VwH CRHaR Gt MAe S@M?feagaeak-
rgrégrtgﬁa&ﬂﬁll%c%gl {hak Jlve gﬁfﬁéoc 'wﬁ@e%ét@ﬁ? Ek@r tH@ dﬁf‘agulant

e step-w se addition o coagul ant
additiorg\eed dyly zsmalkmmblvartyecqwhpa«:tj flm:tcm{ptlmlaaanartlctesa will have

o5 P, BRGS SOTE e B850 i e S Sl e
wid ElfchiBRedBI8LgR IS IcREhASIS allEﬁé‘ cda%hlefrittv@aé Wéllqﬁ&éd within
quite well, su gestlngthat th erikinetic nodel is a

thgsaunplesund apidmggregation atggted grdhewoey¥as turped [off. In

GloRFR et R BRS ToR fof SRHTLR b g g

rapRf Mig! Becadssl oftthair IWEgh epfe, tthéyt\ﬁlﬂp@ﬁaéelrrﬁonensbwm than
experinments the sane, e faster gregation rate for

mekee Comuachiaggregatss| and Gompietian squ sggovvthaPFQCﬁés will be

slower.

[0072] Fig: 15 shows fits of the experimental data to the perikinetic
aggregation model of Eqn. (3). Again, the fits are excellent; suggesting
that the turbidity decrease seems to be closely related to the reduction
of total particle number in solution. The more rapid drop-off in the
turbidity readings at long times is most likely caused by sedimentation,
which is not included in the fit model, but is expected to have a larger
effect on compact particles then on loose floccs.

[0073] In summary, the aggregation dynamics depends crucially on
the rate and mode of coagulant addition and pH adjustment. [nitial

inhomogeneities in the coagulant concentration appear to create large
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col l oidal particles form denser aggregates that

di ffuse faster through the solution. In other words,

mai ntai ning the pH close to the native pH of our

sanpl e water during coagul ant addition helps in the
formati on of conpact seed floccs that consequently

|l ead to faster aggregation. [0071] Conparison of
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[0UY5] Snib)'#arﬁeala«tsréktmaoaaééopeﬁ%e@m BBL- ?szfR:ﬁMh ) qs..}n

wi | I have survived the other hand, during the
[0ﬂ7rﬁ]t es?)v\lnyr@mh?e rzranpsemgl ut dtrangorti eed! aréwrmm@h of
he channel the coagul ant was well m xed within

39%'8"%,%( P8 i<é1"r\%1“|“sap| d aggregation started after the

Relslaedninit of literinkdistbangation jsteps est, | oose
fl occs that form does not break up_even during rapid

[qam Béd duest-endttedViVVT 4 (ﬁéhﬁﬁfttahe T RSylogding di f f use
I, SRR et 2007 Fpe e and

[0080] 6) Parallelizable operation

[0081] 7) Scalable, high-throughput, continuous flow

[0082] 8) Shorter processing time, smaller footprint, reduce TCO (total

cost of ownership)

[0083] 9) Elimination of flocculation and sedimentation steps -

savings on chemicals, land, and operating incidentals including labor,

power, etc.

[0084] 10) May be used for other applications in water including but

not limited to IC fab reclaim, cooling tower water, MBR (membrane bio

17



slower. [0072] Fig. 15 shows fits of the experinental
data to the perikinetic aggregation nodel of Eqn.
(3). Again, the fits are excellent; suggesting that
the turbidity decrease seens to be closely related to
the reduction of total particle nunber in solution.
The nore rapid drop-off in the turbidity readi ngs at

AT BT R0 (VR Blpsesheanatiaitc water

reclpiect ed to have a larger effect on conpact particles
then on | oose floccs. [0073] In summary, the
aggregation dynanmi cs depends crucially on the rate
and node of coagul ant addition and pH adj ustnent.
Initial 1nhonogeneities in the coagul ant
concentration appear to create large 16 |oose floccs
that do not break up even under the applied stirring
rate. These |oose floccs have a low diffusion rate
due to their large size which I|eads to a slower
gromh rate. Step-w se coagul ant addition with

i mredi at e adj ustnent of the pH of the sanple liquid
prevents the wuncontrolled gromh of large, |oose
floccs and pronotes the formati on of nore conpact
aggregates that grow faster due to their faster
diffusion rates. Mwving the sanple fluid through a
channel at sufficient flowrate (causing sufficiently
| arge shear rate) will prevent aggregate growth and
Wil lead to break-up of the | oose floccs that form
during coagul ant addition. Once the sanple liquid is
no | onger noving through the mcro channel,
aggregates grow rapidly, suggesting again the
formati on of conpact particles. [0074] The advant ages
of the presently described enbodi nents i nclude:

[0075] 1) Particul ate extraction based on design
cut-off down to lum [0076] 2) Dynam c processing -
transport and enhancenent of

18



aggl oneration kinetics [0077] 3) Repl acenent of
internmediate filtration steps [0078] 4) Front-end to
MAT to lighten the TSS | oading [0079] 5) Cascaded
operation [0080] 6) Parallelizable operation [0081] 7)
Scal abl e, hi gh-throughput, continuous flow [0082] 8)
Shorter processing tinme, smaller footprint, reduce TCO

C?%ﬂh@l cost of ownership) [0083] 9) Elimnation of

occul ati on and sedi nentati on steps - savings on

1£ 0TS}l B B SHEREMR LGS EbA B St

C@ﬁghgiﬁgti ons in water including but not limted to IC
fab reclaim cooling tower water, MBR (nmenbrane bio
17 readiletlp repevetwalaf frent aSOHI®D (reverse osnosi s),

and e I .1. A systemfor
dynaﬁ?@{egrsgﬁesép?}%%g %r% \ﬁg?']eﬁsghﬁt@csati on, the system
conpai Mixiey sBiYel dperbtivedtd oeivecanditeagilatenthe fitened water;
filter stage operative to filter first part'g{azs; a
m xi Ag S@eragétaggepa@ﬁ%ette '@@&%@%ﬁea%éﬁﬁﬁ e fad treat
i r; a spiral stage operative to receive
W[théltogéggﬂy\%égd water and treat wth floccul ent and

seErateasecaecpaticiearftdne ttes wiaterm t he water; a second
I Ihlet ae,;teg}a%g efgt%g esEa?ée' \ége}a?ivfel tlot fﬁ{erttmra dpfrﬁ‘éléé ?}oerr? tlf1er (\)Nrgter;

and,

an outlet.

2. The system as set forth in claim 1 further comprising a feedback path

o the source.

3. A method for dynamic processing in water purification, the method
comprising:

receiving water from a source;

filtering the water to remove first particles;

flash mixing the filtered water with chlorine and coagulant;

slow mixing output of the first spiral stage with flocculant in a spiral
stage;

separating second particles in the spiral stage; and,

filtering the output of the spiral stage to remove third particles.
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an outlet. 2. The systemas set forth in claiml
further conprising a feedback path to the source. 3.
A nethod for dynanmic processing in water purification,
the method conprising: receiving water froma source;
filtering the water to renove first particles; flash
m xing the filtered water with chlori ne and coagul ant;
48! OWTWF)?h@l%oBlgsoé’ét feftr iR @it $tfuRABF 8bmplisng dévkhermg ina
flocculant 1n a spiral stage; separating sécond
fezmiblaick lpath.i n t he spiral stage; and, filtering the
output of the spiral stage to renove third particles.
19 4. The nmethod as set forth in claim3 further
conprising dewatering in a feedback path. 20
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