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(54) Title: REACTOR AND SOLIDS SETTLER FOR GREY WATER TREATMENT

{57) Abstract: An integrated reactor and solids settler sys-
tem for solids removal from a water stream. An overflow
line {123) from the rapid mix reactor (114) is used to elim-
inate both the rapid mix reactor level indicator and con-
troller, and the flow controller in the solids seftler (130)
clarified water outlet (136).




Abstract: An integrated reactor and solids settler sys- temfor solids

renoval froma water stream An overflow l|ine (123) frqg@Rebmaryad008 m X

reactor (114) is used to elim inate both the rapid m x reactor |evel

i ndicator and con- troller, and the flow controller in the solids settler

(2130) clarified water outlet (136). 15 February 2006 WO 03/022397
PCT/ US02120221 -1 REACTOR AND SOLI DS SETTLE ﬁfﬂﬁﬁﬁm

BACKGROUND OF THE | NVENTNGR BBMI22395s AL €, IIIIIIIIIIBIWIIIIHIHHHHIHIHHiHIIlIWI cati on

systens have been used To partially OXIdlze hydrocar bonaceous fuels to

recover use oquEt S he fuels can be. admxed with s
water to f E JByCGD{SJIe(%ﬁS ?ee sto% thaatmmffe Gd“ffngfqb;g:gzo,ﬁe@gﬂt{fgene@@ne of a
parti al ox1dat|on gaS|f|er al ong Wi t hunglorautygenisseafvt 8iNtrrig gas and a
tenperatﬁ”@sﬁgm%mggork xing the feed with water may not be necessary,

at SEare, .
gi ven the conposition ant physi cal nature of the feedstock. Generally,
solid carbonaceous fuels will need to be liquefied with oil or water prior

to feeding to the gasifier. Liquid and gaseous hydrocarbonaceous fuels may
be io suitable for direct feed to the gasifier, but can be pre-treated for
removal of any inpurities that mght be present in the feed. The term

l'i qui d hydrocar bonaceous fuel as used herein to describe various suitable
feedstocks is intended to include punpable Iiquid hydrocarbon materials and
punpable liquid slurries of solid carbonaceous materials, and m xtures
thereof. In fact, any conbustible carbon 15 containing |iquid organic
material, or slurries thereof nmay be included within the definition of




the term"liquid hydrocarbonaceous." For exanple, there are punpable
slurries of selid carbonaceous fuels, |iquid hydrocarbgs Heyglary H®ESt OCKs,
oxygenat ed hydrocarbonaceous organic naterials, and m xtures thereof.
Gaseous hydrocarbonaceous fuels may al so be burned in the partial

oxi dation gasifier alone or along with liquid hydrocarbonaceous fuel. 20
The parti alyoaspdati on reaction is preferably carri ed poutysiznom free-fl ow,
unpacked non- catalytic gas generator. Under high tenperature and high
pressure conditions, about 98%to 99.9% of the hydrocarbonaceous feedstock
can be converted to a synthesis gas containing. carbon nonoxide and
hydrogen, also referred to as synthésis gas or syngas. Carbon dioxide and
water are also formed in small anounts. 25 Water is further used as quench
wat er to quench the ngas. This quench water is also .used to scrub

particul ate RE@&@K“*A% 8 SREHSER RORGRIEZO WATIRTREAEMENY particul ate

waste solids, such as ash and/or slag out of the gasifier. In order to
conserve water, gasificggkgnnunMM@Oannggnngﬂmo@f t he quench water. A
portion of the wat er |s normal | y contlnuousl renove ueous

ef fluent, gridgh Risswr, bigh{pgremiue Bastistton syfems VHB ‘BgﬂP@§H$B6m%¥ vent
‘excessi \h@droo%&obdébduaﬂﬁls@fre&ﬂéﬂu%ﬂm FoltadtsSor ey TIeBdly @flbeidsialdwetl sol ids. 15

February 2006, WD 031022397 PCTI US 0221 e conp03|t|on f the grey
wat er 5d|W§’¥9hQrf@‘€bF’WaﬂW5t R ESE fscfaqo ﬁf’%ﬁ? r%ﬂ;?&?w‘?% Paftip grdategy At B Thi s

wat er camng:ﬁmsa@@g@fbbﬁﬁmﬁ Sas aR W Bperifrs Abdesatorand ot her potentially
environnental | y harp&g dlssolved H?terlals such as su| fide and cyani de.

Thus, the ef¥ixigithe feGlhwit WalFtaPay 1oh B REFess Rt YR Aot SOBROLYE PREPIE ot be

di schar Gatthe bPtht RRAsBIAN] GaRARY ol chibenskeousSfutle Qal Immo vafguesadl witlsoir @ oval . The
grey water blomdomagstrean1|§ di_.scharged fro S|f|§%%|on system and
i's tredPBHPUITHA TRty Heeapiderp dg F“’t fFageop 3o wat er. For

exanph e suifaBle &'&l&ecﬁvlﬁeﬁ & Be gdsHRSGH)cal B@p@&eﬂdﬂi@ﬂr&:ﬁn@vaﬂ) bOAY GRpidified th@n hydr oxi de
floc (Fe( to rﬁ% Y any sulfide, cyanide and particulate nmatter. This

process §FW91 ‘in a conbination rapid mix reactor
The term liquid hydrocarbonaceous fuel as used herein to describe various suitable

feedstocks is intended to include pumpable liquid hydrocarbon materials and pumpable liquid

slurries of solid carbonaceous materials, and mixtures thereof. In faci, any combustible carbon-

15 containing liquid organic material, or slurries thereof may be included within the definition of

the term "liquid hydrocarbonaceous." For example, there are pumpable slurries of solid

carbonaceous fuels, liquid hydrocarbon fuel feedstocks, oxygenated hydrocarbonaceous organic
* materials, and mixtures thereof. Gaseous hydrocarbonaceous fuels may also be burned in the
partial oxidation gasifier alone or along with liquid hydrocarbonaceous fuel.
20 The partial oxidation reaction is preferably carried out in a free-flow, unpacked non-
catalytic gas penerator. Under high temperature and high pressure conditions, about 98% to
099.9% of the hydrocarbonaceous feedstock can be converted to a synthesis gas containing carbon
monoxide and hydrogen, also referred to as synthesis gas or syngas. Carbon dioxide and water
are also formed in small amounts. '
25 Water is further used as quench water to quench the syngas. This quench water is also
used to scrub particulate matter from the syngas and to cool and/or convey particulate waste «
solids, such as ash and/or slag out of the gasifier. In order to conserve water, gasification units ?
reuse most of the quench water. A portidn of the water is normally continuously removed as an
aqueous effluent, grey water, purge wastewater - or blowdown stream to prevent excessive

30 buildup of solid materials and undesired dissolved solids.



ao and solids settler. The chem cals are added to the rapid m x reactor
where they are mxed with the grey water. The effluent 15irepubie00gpi d m x
reactor is sent to the solids settler, where any precipitated solids and
particulate matter are allowed to settle out of the grey water. After
having the solids renoved, the grey water can be subjected to anmonia
stri'ppi ng,wbo®l20@+ cal treatnent, or evaporation to pcodseerza dry salt for
comercial marketing and a distillate water. The water 15 can then be
recycled to the gasification quench process thereby elimnating any

wast ewat er discharge fromthe plant. Referring first to FIG 1, a common
prior art rapid m x reactor/solids “<ettler I ntegrated systemis shown.

G ey water - froma gasification unit (not shown) is fed through Iine 10 to
rapid mx reactor 14. Chemicals are also added to the rapid m x reactor 14

through any of lines 12. In 20 rapid m x reactor 14, the grey water and the
cheni cal s  dbmoamposiion of thevasey woter dicharapdsfram jthe gagifipafion gysiedt s1%8ik§hi ch i s

driven ByngiRt Ofhisl SwatdrOlin Redthih € cHbrAbES athSlithe i€ hdPicthesM pothfaUGt Or provi de
t hor ough U]XIH%E Rapid m x reactor 14 has_a | evel indicator 20 which sends
a si gnafovirenpeatally hargiil (disselyed magerials ot oy sulfidg earicyaridec e dprst e ofGE| 22 of the

grey ValgdevaRtd fohe e Calkificasn SRARS! dithotd® diRAS SOl 2Bvirbi8er 3RIh6utM X react or
14 effluent |eaves out the bottomof the raprd m x reactor 14 through |ine

24 i nt otfeafeent @ gelidatsusvalchanber 26 of solids settler 30. The coagul ation

~ chanber 26 1ips g6of W ARG hidWodm Glrdast lsalischBbdd R iR a@hdadsn SBlkchl 88a 80. In
coagul ati on chanber 26 the solids and preC|gltates in the grey water are
al | owedeatpdathichepicalyio pesiviigts ipuritiosdn the ey ateq | Jor exgmplieliony Wbt shaped

bot t om §2s@f chdBe S@ch A pRAhde! B irodChydRARE S0t Mﬂego@ﬁ)etor@ﬁ@%eﬁy\ébﬁdé,i ne 34 and
are sent to a_ ao filter press (notf shown). 1 ebruary 2006 WO 03/ 022397
PCT/USO%W?é?%@IEQW@EﬁéﬁﬁFi§m§8F$ﬁ§FF@@H§@@V“W&F@PF“@FH@WQP%@mﬂﬁEmn as

clarid i g WRdsQtttler] GBY Biemitdls atel@dddaP tRfrapid BB &bl WEerSBEY k8 Mg whthr ough | i ne
36. n’;[hg %ley \\/N?llte}‘/.eﬂ?eBeﬂlh?enP gosnll E[hle ?"anp?tg H&xnrealicito? ?s s%r?t’ to %g dsoliicg sgtt e?,t \L’I?elrel aeng
precipitated solids and particulate matter are allowed to settle out of the grey water. After having
the solids removed, the grey water can be subjected to ammonia stripping, biological treatment,
or evaporation to produce a dry salt for commercial marketing and a distillate water. The water
15 can then be redycled to the gasification quench process thereby eliminating any wastewater
discharge from the plant.
Referring first to FIG. 1, a common prior art rapid mix reactor/solids settler integrated
system is shown. Grey water from a gasification unit (not shown) is fed through line 10 to rapid
mix reactor 14. Chemicals are also added to the rapid mix reactor 14 throngh any of lines 12. In
20 rapid mix reactor 14, the grey water and the chemicals form a liquid level 22, that is stirred by
mixer 16 which is driven by motor 18. Four baffle plates inside the rapid mix reactor provide
thorough mixing. Rapid mix reactor 14 has a level indicator 20 which sends a signal to level
controller 21, which is used to keep the level 22 of the grey water and chemicals as constant as
possible.
25 The rapid mix reactor 14 effluent leaves out the bottom of the rapid mix reactor 14
through line 24 into the coagulation chamber 26 of solids settler 30. The coagulation chamber
26 is defined by a circular wall 28 in solids settler 30. In coagulation chamber 26 the solids and
precipitates in the grey water are allowed to fall out of solution. The solids fall to the conical
shaped bottom 32 of the solids settler 30, where they are removed via line 34 and are sent to a

30 filter press (not shown).




by |l evel controller 21. Ater passing through control valve 38, the
clarified water is sent through Iine 40 to a downstreansm:paugssiodg unit
for further treatnent, usually an al kalization reactor (not 5°shown). In
this-prior art schene of integrating the rapid m x reactor and the solids
settler, t Ld m x reactor effluent flows out of m of the
rapid m x ?ggggfzgir%m through line 24 and enters the géﬂﬁ%o?/i’&g%lot he solids
settler 30. Flow controller 38 is located in the clarified water outlet
line 36 fromthe solids settler 30. The signal line of this flow controller
38 is connected to. the io level congtoller 21 of the rapid m x reactor 14,
the objective of such an arrangenent being to naintain the liquid | evel of
grey water and chemcals in the rapid m x reactor 14. The failure of
instrumentation in the rapid m x reactor 14 that could cause a high or |ow

l'evel in t hgedestifllydolfl-flee gidyfated othbAvivelbin 691 Hiel Rete tiatds @bt thedopef 38 t o have
extrenme swi.ngs fromopen to closed, soneti rJesP(g_atﬁgi Sg ttge c%rfl?i‘l%qc;]l( val ve 38
to swi ribe wWidseseisedp Wroughlinegty, Contenl yalrg 3sis gositpppdm;line 3G, Jugis cop ul effect
i Nt he WiSERLhrdEY1. W paskib ERfoIB SonR61GERS 38, thel clfified watkiSeseat thiveph evel in
.the downstream processing, units, which can initiatE { he interb]o k system

of t hodie A9 9adlowpsigpam pracesging pitdpr fuiber pgtnen, Hually fP%as well as

the whoh®wgrey water treatment process. Usually the conbination of the
rapid m.x reactor, and the solids settler is the first iﬁ mafr% &grey wat er
process tr Satthis prier anbseheme ofinfegrating the L3nid mikreaclorad the 3oids Hln B o1 i bed
above 12l GRPEARL cfiliéht ABWAGK SXitheBdttorh of 1he rdpiithisl rédibtdr I4aBobghlinaRdaddre sol i ds
settler in such a manner that. can caus gr,otfle .and .progess upsets in
downst reaigrthscerterd thesplids setter 3Q Flov cg 3t ?Pé@lﬂggq@ ey an

i Nt egr 3856 fraid Blids RBCI0 ThE Sphdl Find 61t this TFowsshtbeRen 3818 odibdted 0rikd y 1 enoves
solids and precipitates fromthe grey water while mnin tlﬁ? ossibilities
of cudwrpongaller 31 pfihe sgidhabrEasir A cle ARESe pf Sk 8 FEHERATL AEISBNARY OF

THE VENTi &R ik Bli@ kA6 oR8fef Whiker ol Sheénidals iR IR\ thy@ fhixtrdactdiM4. OViRfailuré 601 at ed
- reactor and solids settler systemfor solids remgva fr,o%gm\é\?ter stream

The i nitEEpeniasan & the mpidmis reactes 14 that seuld pauss phigh,er low avelu B Uses an
over f 1 Quicihi 1 wohlNahitethé 3Rind! Virve BEAChiVe dxfefit kWingPir6m e td Blsedapi d i x

reactor |evel indicator and controller and the flow (l:ontrol l.er_.i.n the
sol i ds Seqtimes causing the control valve 38 to swing wide open or go completely closed. This ‘

)5 - causes a harmful effect in the overall grey water treatment process. It can cause a low level in
the downstream processing units, which can initiate the interlock system of those processing
units which in turn shuts down those units, as well as the whole grey water treatment process.

Usually the combination of the rapid mix reactor and the solids settler is the first in many
grey water process treatments. Common prior art systems-such as the one described above

20 control the integration of the rapid mix reactor and the solids settler in such a manner that can
cause problems and process upsets in downstream process units. Thus, it would be desirable to
de;relop an integrated rapid mix reactor/solids settler system that efficiently removes solids and
precipitates from the grey water while minimizing the possibilities of causing upsets in

- downstream grey water process equipment. _
2 | SUMMARY OF THE INVENTION
Disclosed herein, there is provided an improved integrated reactor and solid; settler
system for solids removal from a water stream. The integration of the rapid mix reacfor and the
solids settler uses an overflow line from the rapid mix reactor to eliminate both the rapid mix

reactor level indicator and controller and the flow controller in the ;olids settler




15 February 2006 WD 03/022397 PCTI US02/ 20221 -4 clarified water outlet.
The proposed design is sinple, cost effective, and el i M patiieakyM06
possibility of unnecessary downstreamunit shutdowns. A first aspect of the
present invention provides an apparatus conprising: a reactor conprising a
plurality of reactor inlet neans, a mxing neans, and a plurality of

over fl ow 1WRBH02237 settl|er conprising a plurality of PS&UBY2EP22L n| et neans, a
coagul ati on chanber, a sludge outlet nmeans, and a plurality of liquid

outl et means; and a transfer conduit connecting the plurality of overflow
lines and the plurality of settler jnlet means, wherein the plurality of
overflow lines are located on the reactor where a liquid level in the
reactor is to be maintained, and a flow of liquid through the plurality of
liquid outlet nmeans is not adjusted so as to control a level of liquid in

the reactaor., A secgnd ect of .,the present inyentio rRV] nmet hod
conpri s‘iﬁ‘?’f' adéﬁffbl‘\}‘ﬁ%‘g gﬁepB’iomﬁ?ﬁ s og ‘?’5@ smt("toejgz;te‘rgri‘%éeacg;xtl or rgbﬁg a
pl ur al i gogsitillity bfmméd@ssatydbehstrearumsi shutddvie. reactor, mixing the plurality of

feeds wthi he react;, formn .feed .mi xture. renoving the feed m xture
from the  raalETER SR PR AVETIPy D GG, PIPEHRT | R A S he
" pl ur al iconprixingavpdurilitpef deicroe fnla rreardspcmtxég means, hinka pleality of ovwstflomdines; heed

m xture_liquid.level | e i i i : ring the
Feod it anpind Gy b ek aRet 3 o Sl Bl SIRRpe hiRORLEE " 1D 10
coagul atd spluaharmféguid nutichmeans;eind b gransfen condgit cennpitiog theiphugalibf of swerflpwr i nl et
means; ;all.ow ] : : ] t@AgguMul ate in
the boterb AR, H3phel iffishct, Bhlpilhne Bl By bl Mo r DA 01 1 ds
f rom t lthes reastor whese atinwidleyt] imth reacteras touemsintainedrand adlow of Egrdthreusk the clarifi ed
wat er %ru&m} $H9iqRiB bhiteP fnednd s O Rted B 2471 dnkrél Obvel b wPME IRlioT®aNS, Wwherein
the flow of clarified water through the plurality of liquid outlet neans
i s not adj ugt sgomasasct b the qusens linviehtéonf eddeyi xtnethed Cingpuisidg:| epplyinga t he
react or, ﬁqg; . - 2.PT . TH W N FIG 1
i1l ust? étutmléigy a cggnﬁo%w%c?‘?g?r 7% taa %P%léggfs%ﬁ) %&é‘é“%ﬁ% r%a%trogp%% ém%% react or
and a plurality of feeds within the reactor forming a feed mixture; removing the feed mixture from the

reactor through a plurality of overflow lines, wherein the plurality of overflow lines are located
on the reactor where a feed mixture liquid level in the reactor is to be maintained; transferring the
feed mixture to a seftler, wherein the feed mixture is introduced into a coagulation chamber in the
settler through a plurality of settler inlet means; allowing solids to settle out of the feed mixture
and accumulate in the bottom of the settler, forming clarified water; removing the solids from the
settler through a sludge outlet means; and removing the clarified water from the settler through a
plurality of liquid outlet means, wherein the flow of clarified water through the plurality of liquid

outlet means is not adjusted so as to control the feed mixture liquid level in the reactor.




s solids settler. FIG 2 shows a preferred enbodi ment of the present

i nvention, -providing an inproved integration schene of j¢@ghiy o rapid
m x reactor and a solids settler. DESCRIPTION OF | LLUSTRATI VE EMBODI MENTS
The inventive integration of the raprd*ai-x reactor and the solids settler
‘involves a unique to- systemof interaction between the two process units.
The design of the present invention uses. an overflow line fromthe rapid
m X reactor to elininate both the rapid m x reactor |evel indicator and
‘controller and the fIBRIEJDnESGRI[PEIONrDETBEMWB‘ImttI er clarified water

outlet. The oppsed, design is sinple, St effectl and elimnates the
possi bi |1 Ly TS5 LiHlelss € EPmim PRor R B Iiegrpine d G R EEoRmE 2 2. one
enbodi ngiilis seftlet he rapid m x reactor/solids settler 15 integrated system of
t he present S ter from.a gasification unit (not

vention i ho
e e R A preforB SHRpimrey 1 Pirrcet Rt BovIRE BB & a6 al 50
added t intepiation saltin@ of LorbidieRtild mixladtdd badkoddlidnyilaf |ines 112. Ferrous

~Sul fate (FeSO4) c xide floe (Fe(OH)2)
to renove any sulf ﬁ@@&%ﬁ%ﬁ%ﬁ%&%ﬁﬂé) O her chem cal s,
such as caughé iﬁv&nﬁaﬂﬂ)egﬁﬁ& ﬁﬂfequﬁ@mbaﬂ:ictcmaﬁcaﬁdsdhw@ubﬂn{rolmIamﬂiﬂﬁe can al so
be added 20 assi h ecipitat of e sul ani des and
par ¢ % VEED of GieFERen e tn i iR ooy et fofie oL i PEhBeHRn B ganor al |y
dependesverfiow linh &romathe.tapidaix trdaﬁoﬁtbeamﬁﬂteg:bmyhmpﬁm readigh lewet indidetber m nat i on
IS Wthi ild tles of..or The primry
reacti 0%’@ chgx °H?fr‘£ﬁgh U@%bwgﬁ?ﬁ%’flﬂ?eglef ﬁlﬁgﬂ éfwaéeéf’m[% elfgee?r??os & process
are swm@uszmdaldpedsoaffeciﬂfé alnmelimmtd; tha posdilahiig obunndckdsary tuhie shytdeymsvat er and the
chem cal s f m.a | i 122 hat (1).,Fe +2 + FeS (solid)
(2) Fe+2 +2 %er{o F soflodf BF%O lﬁle’? 9336%&-’#%? Fs'swlﬁlﬁ te%l
+Fe( GN)iftegryted zj(stée( meﬁ])re:(emhv(edﬁlona@ shawn r @y bytes frah |acgasxf cation Gnitl@otvhi ch i s
dri ven BYf598 f whhdin 10 Foo B Ripfh MHtedoBREL Crbtbal b ab§ Waed to the rapia
mix reactor 114 through any of lines 112. Ferrous Sulfate (FeSQy) can be added to produce an
~ iron hydroxide floc (Fe(OH),) to remove any sulfide, cyanide and particulate matter. Other
chemicals, such as caustic (NaOH) and a flocculant or/and coagulant pelymer can also be added
20 to assist in the precipitation of the sulfides, cyanides and pariiculate matter. The optimum
polymer type and dosage rate are generally dependent on the nature of the treated grey water,
and such determination is within the capabilities of one of ordinary skill in the art.
The primary reactions occurring in the rapid mixtore that affect the settling process are .

sumnmarized below:

25 (1) Fe®? + HS > HY 4+ FeS(solid)
(2) Fe*? + 200 > Fe(OH), (solid)
(3) Fe'? +  6CN > Fe(CN)*

@2Fe?  +  FCN)s* > FexFe(CN)e) (solid)
In rapid mix reactor 114, the grey water and the chemicals form a liquid level 122, thatis
30 stirred by static mixer 116 which is driven by motor 118. The rapid mix reactor 114 effluent -




- 15 February 2006 WO 03/022397 PCT117S02/ 20221 -5 | eaves through overfl ow
~line 123 out the side of the rapid mx reactor 114 throuyglrehbiyag 20060 the
coagul ati on chanber 126 of solids settler 130. Thus, the need for a |evel
controller is elimnated, and only the volume of material entering the
rapid m x reactor 114 will |eave through overflow |ine 123. Thus, the

posi ti on ofyohhePyerflow line 123 on the reactor 114 kegpsnéke |1 quid |evel
in s the reactor constant at a position near the inlet to the overflow |ine
123. Assuming that the feed to the reactor 114 is kept constant, there
will be no swings level 122 and |likewi se there will be no swngs in the
outlet flow of clarified water in tbne 136, thus elimnating the
possibility of causing interlocks on downstream process units to shutdown
the grey water treatnent process. Only one overflow line is shown in the
drawing, but it is within the contenplation of this invention that a io0

pl ur al i feywveofhrotytedvietfwy line2% ol ¢heskie df the rapihmixecasmt &4 throgginlinhéte thact or . Rapi d

m x reactor 114 i 0. equi ppe it h | i 124 i ] | r materi al
e’ Rafisvatci e ot PdkepBR 1adath BrmtouttelanifnsMBal el N
usef ul  #indronghiigd voiuig of heteriflemetigrthedapit intie gastbrell 4 twilk leansithrough obeflony shut down
and isolated, or if any solids_happen.to, acc te i.n .t t.t om of the
rapi d ’%?lﬁgaj(*:'{“&rthelw 1&’%?@%%’5@"%@% gzﬁﬁ)\l}éh(f r?%té(r)wu{g e?plsrtlh% hf[ﬁ.l ?lsthi ne 124 is
nor med | fhe RadtoricBnsar atia @Ositicudartiieusiet ts the quérfipe Hnen 28 h Assuiningdhet thalfoed t hat wil |
.normal ly be in the c|losed, position so.that .t by, rial. |l eaving the
rapi d n%ﬁherr%a&t(‘,”f B 1s Rt 5 ret‘ﬂbgﬁléonsm%zerv ?lllggvaq%ﬁ%éém%% @é’? ! ?ow line 123
feeds solihgd thebiuilbiefowlcTQlarifal vatks indizt 1 362 thud SBnihwing the pessibibityyef pandisg up of an
upper cylindrical portion 131 an coni cal shaped | ower p i on 132.
Over f'1 offf® l?cg%"ri SR PTOCSS u?‘ﬁgo &‘3%? e%@@"ﬁ% %?agléefl? Ut Qi|'"¥1'Jto'glecoagul ation
chanber ovkZow link isGhovirsindles dravank, byt itcis withih tHe28ntemplirion of tisiidsni®etthdat er 130.

Preferahly, the coaqul ation,chanber is si.tuat concentrically within the
upper® c@?‘éﬂ%?ﬂ’é’& OB%P?S'?’SHS‘%FOW%W%“W gmstheetrachg 130. In coagul ation chanber
26 t he sol i Rapidnik repat@dilpiist deguippred Witk adine \t24verhielr allowe faxlnhaterielkotbe f al | out
of solution. .The solids fall to,the e . f the

sol i ds SRPYF o Be fea%relrlgagf%ne%e g?tg)mr %ﬁﬂm?/reeg&(\)/ri Zﬁlzﬁqggsgegﬂ tg;lft i eg I:f,%th(f’;l’e 34 and

reactor at times when the unit is being shuidown and isolated, or if any solids happen to

accumulate in the bottom of the rapid mix reactor 114, they can be removed through line 124.
15 Line 124 is normally not in service, and thus is equipped with a block valve that will normally be
in the closed position so that the only material leaﬁng the rapid mix reactor 114 will be through
~ overflow line 123.

Overflow line 123 feeds solids settler 130. Solids settler 130 is preferably made up of an
upper cylindrical portion 131 and a conical shaped lower portion 132. Overflow line 123 feeds
20 the rapid mix reactor effluent into coagulation chamber 126, which is defined by a wall 128
within solids settler 130. Preferably, the coagulation chamber is sitvated concentrically within
the upper cylindrical portion of the solids settler 130. In coagulation chamber 26 the solids and
precipitates in the grey water are allowed to fall out of solution. The solids fall to the conical
shaped bottom 132 of the solids settler 130, where they are removed via sludge outlet line 34 and

25 are sent to a filter press (not shown).
| Generally solid-free grey water, otherwise known as clarified water, leaves out the top of
the solids settler 130 through a plurality of liquid outlet means and into line 136. Because there
is po control valve positioned in line 136, the clarified water passes directly to any downstream

processing units, usually an alkalization reactor (not shown). This process scheme eliminates the




25 are sent to a filter press (not shown). Cenerally solid-free grey water,
~otherwi se known as clarified water, |eaves out the top gk pebhgrySRlobds
settler 130 through a plurality of liquid outlet neans and into |ine 136.
Because there is no control valve positioned in line 136, the clarified
wat er passes directly to any downstream processing units, usually an

al kal i zat i @i oi/agbor (not shown). This process schempcgibihiat es the 15
February 2006 WO 03/022397 PCT/ USQ2/ 20221 -6 capital, construction and

mai nt enance costs that are associated with the [ evel control [oop known in
prior art rapid m x reactor/solids settler processes. As disclosed herein,
one of ordinary skill in the art stfould appreciate that the present

i nventi on -enconpasses an apparatus conprising a reactor conprising a
plurality of reactor inlet s means, a mxing neans, and a plurality of
overflow lines; a settler conprising a plurality of settler inlet neans, a
coagul atapied) colsantien andanziterchpe caststihhap are awemiated witidheleys eantiolileap kaewn | qui d
outlet . nmean atr er connecting the plurality of overflow
l'i nes a]r"?(?n‘frﬁ’%r?ﬂ“{}rPlglrfatcmg&?ﬁsSem%?&q‘%gélsnl et neans, wherein the plurality of
overfl ow | i aedisalbed heehat edt o prdinagy skdhmttbfr apsslgl apprediste theeithe gxgasnt i n t he
reactor is.to _be maintajne T o QAL et urality of
i qui d DYBUGRPFERPREL ™ araq?lsocg B&‘d& rgé(livm? GOIL 4 %)lﬁr?j WQ?EI eveI{ of liquid
in the meaas;taamxmgtmdamaamd © plerality o’fheermvahaem Gyem Cpréﬁ@tﬂéra MwpldY ofreans is a

feed inl and a n f I nl et means
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ans 1s |l ocated a | ower nost portion of
the | ovﬁquuneml malhe TRt ison bohaitthisedsewdtal flow, of Higed ﬂlrfélgh @@a]@@ll%ftofb‘ﬁiﬂ% hanber is

posi t|on %ﬂge%lsgggtt% edsg? %‘E‘h& tl&%l&fﬂé’ﬁ&nﬁﬂéﬂe&%' cal portion of the

sett er er co reactor bottom outl et neans
| ocat ed at thizadobd efithe pmsltty pfacacioomle@meanﬁes g foetciplet meags, prchat 1683t BBt t om

condui t of the Ir;lur 1ty 1pre£ct§ 1151&%&51%“5 RYhdnfital m%aﬁsoﬁmxmg means preferably

comprises a motor driven mixer and may further compnse a baffle plate system. The settler may

"-

comprise an wupper cylindrical portion and a lower conical portion, wherein the sludge outlet

15 means is located at.the lowermost portion of the lower copical portion of the settler, and the
coagulation chamber is positioned concentrically within the upper cylindrical portion of the
settler. The reacior may further comprise a reactor bottom outlet means located at the bottom
most portion of the reactor, a reactor bottom conduit connecting the reactor outlet means to the
transfer conduit, and a reactor bottom valve located within the reactor bottom conduit.

20 The scope of the present invention further covers a method comprising supplying a
plurality of feeds to a reactor through a plurality of reactor inlet means in the reactor; mixing the
plurality of feeds within the reactor forming a feed mixture; removing the feed mixture from the
reactor through a plurality of overflow lines, wherein the plurality of overflow lines are located
on the reactor where a feed mixture liquid level in the reactor is to be maintained; transferring

25 the feed mixture to a settler, wherein the feed mixture is introduced into a coagulation chamber
in the settler through a plurality of settler inlet means; allowing solids fo settle out qf.the feed
mixture and accumulate in the boitom of the settler, forming clarified water; removing the solids
from the settler through a sindge outlet means; and removing the clarified water from the settler

through a plurality of liquid outlet means, wherein the flow of clarified water through the




transfer conduit, and a reactor bottomvalve |located within the reactor
bottom conduit. 20 The scope of the present invention fysthgrasPMRES a

met hod conprising supplying a plurality of feeds to a reactor through a
plurality of reactor inlet neans in the reactor; mxing the plurality of.
feeds within the reactor formng a feed m xture; renoving the feed m xture
fromthe {@aghRi;through a plurality of overflow |iResysidh@hei N the
plurality of overflow lines are located on the reactor where a feed

m xture liquid level in the reactor is to be maintained; transferring 25
the feed m xture to a settler, wherein the feed m xture is introduced into
a coaqgul ation chanber in the settler through a plurality of settler inlet
nmeans; allowing solids to settle out of the feed mxture and accunulate in
the bottom of the settler, formng clarified water; renoving the solids
fromthe settler through a sludge outlet neans; and renoving the clarified
vat er f pRARELGE st meahd 15 831 gdjusted P sy 18 bdntry] tBY fedd rfing liquit levtl mmhans, wherein
the flow of clarified water through the 1 5 February 2006 WO 03/022397
PCTI USO¥£%%221 -7 plurality of liquid outlet means is not adjusted so as to
control the Atqesk dib ¥t e lutalifpif eellsLoolprited wald§ and attrompiies tiemshlsone of the
plurality of feeds conprises wa

er, and anot her_ ¢ ri,.ses chemcals that
assi st At $Fie ip e pTRYaEqnoet PB‘F“"%%{? Haﬁ?fl‘%ﬁ? t tPé?tgliqﬁy s ecﬁ?'@gg? B ef erabl y
E Ee Sgk; )e ]l Frofy aﬁgrﬁgp &@biamgeﬂ Férfo@ﬁ&iﬂfaw ((B‘bﬁl?&@ﬁl&ﬁts (hNa[D@) aiid EecragalmﬁhSul fate
eSO4), caustic (N and a cqagul ant pol yner .t hat assi,st in the
preci pi P%%W‘?Sﬁh%?sséh’l“ﬂ;‘%m”é?‘@“ ﬂ’g‘P"% © F‘H‘éerflgg’ﬂ feed, ‘%TB’P%’F YR T i xer  may
be usedufaPbe dek fod ehitiREth Flufaﬁ{yiof‘ibe@fudﬁﬂﬁﬂé reabtbrpdasiblip én dogjasdtion withassi bly in

conjunction with a haffle plate system The, settler conpr.i. §e an upper
oy i DAY PTG TRdeie RO it ber SURERONGR ¢ R RESCPLe out | of

neans  beérfigh, Wak ék edd@toutld el BEIfig IO SHtedROME lovBmkt fohtidn bitelweranhicdl | 0
Do Okt NS Skl S AL oo R0 pURIDEL R RO hed
i nvent i etidaave been described in terns of preferred enbodinments, it wll
- be apparent Vblgllet e(:) ?q?pm%fcus Salécl:l lnlethiotgs (Etj}ﬁis anrn}enéorrll tavé/ gein e;cxgige% igatgnnts);eof

preferred embodiments, it will be apparent to those of skill in the art that variations may be

applied to the process described herein without departing from the concept and scope of the
15 inventioh, All such similar substitutes and modifications apparent to those skilled in the art are

deemed to be within the scope and concept of the invention. In particular, it should be noted that

although the preferred embodiments were described as a treatment for grey water from a

gasification process, the apparatus and methods of this invention can be used for any type of

solids removal system that nses an integrated rapid mix reactor/solids settler system or variation

20 thereof.




applied to the process described herein without departing fromthe concept
and scope of the 15 invention. Al such simlar substitykespRRae 2006

nodi fications apparent to those skilled in the art are deened to be within
t he scope and concept of the invention. In particular, it should be noted
that although the preferred enbodi nents were described as a treatnent for
grey waterywho9sa; 0asification process, the apparat 4gra8d %t hods of this
i nvention can be used for any type of solids renoval systemthat uses an
integrated rapid nmix reactor/solids settler systemor variation 20 thereof
15 February 2006 WO 03/022397 PCT/ US02/ 20221 -8 CLAIMS: 1. An apparatus
conprising: -a reactor conprising a-pturality of reactor inlet neans, a

m xi ng neans, and a plurality of overflowlines; 5 a settler conprising a
plurality of settler inlet neans, a coagul ation chanber, a sludge outl et
means; and a plurality of liquid outlet neans; and a transfer conduit
connect ChaIlvs$e plurality of overflow lines and the plurality of settler
inlet nmeans, wherein the plurality of overflow lines are |ocated on the
react or I i.quid.-level in the 10 reactor is to be maintained, and a
flom1oflrggﬁﬁﬁg?kfgﬁ%%ughe plurality of liquid outlet means is not

“adj ust ed swacer compidrganbiraly dlacector infet infags ia chiking méras, pedabality . - The

appar at us Ofw&% i wherein at | east one of the plurality of reactor inlet
nmeans is a fee Infet neans. 3. The apparatus of claim|l wherein at |east
one of t hesqtleacchrirising p plurabiyef settlel mlcbmeans gvoagilstion chinsbey pelpdgsaitiat nl et neans.
4. The appa S, Qf ¥ : i 1 Xi Nng means conprises a notor
“driven m xer. 5‘%’. mﬁﬁ@%%%@?%@%@%%?%@ wherein the m xi ng neans further
conpr i ses atansf dnduipdoanesting)ibe Wwrplity of overflow lines and the plurality of settler inlet

means,

wherein the plurality of overflow lines are located on the reactor where a liquid level in the
10 reactor is to be maintained, and a flow of liquid through the plurality of liquid outlet

means is not adjusted so as to control a Jevel of liquid in the reactor.

2. The apparatus of claim 1 wherein at least one of the plurality of reactor inlet means is a feed

inlet means.

3. The apparatus of claim I wherein at least one of the plurality if reactor inlet means is a

15 chemical inlet means.
4. The apparatus of claim 1 wherein the mixing means comprises a motor driven mixer.
. 5. The apparatus of claim 4 wherein the mixing means further comprises a baffle plate system.

6. The apparatus of claim 1 wherein the seffler comprises an npper cylindrical portion and a

lower conical portion.

20 7. The apparatus of claim 6, wherein the sludge outlet means is located at the lowermost portion

of the lower conical portion of the settler.

8. The apparatus of claim 6, wherein the coagulation chamber is positioned concentrically

within the supper cylindrical portion of the settler.

9. The apparatus of claim 1 wherein the reactor further comprises a reactor bottom outlet means

25 . located at the bottom most portion of the reactor, a reactor bottom conduit connecting the




6. The apparatus of claim|l wherein the settler conprises an upper
cylindrical portion and a |ower conical portion. 20 7. Ehey gkus of
claim6, wherein the sludge outlet nmeans is |ocated at the | owernost
portion of the |ower conical portion of the settler. 8. The apparatus of
claim6, wherein the coagul ati on chanber is positioned concentrically
-within theggypper. cylindrical portion of the settler. ., Qubhe,gpparatus of
claim1l1l wherern t'ﬁe reactor further conprises a reactor bottom outlet neans
25 |l ocated at the bottom nost portion of the reactor, a reactor bottom
conduit connecting the 15 Februaiy 2006 WO 03/ 022397 PCTI US02/ 20221 -9
reactor outlet nmeans to the transfep-conduit, and a reactor bottom val ve

| ocated within the reactor bottom conduit. 10. A nmethod conpri sing:
supplying -a plurality of feeds to a reactor through a plurality of reactor
inlet neans in the 5 reactor; mxing the plurality of feeds within the
react or f ggapbraila nfed®do e XhitfePeondiS A ret@tok B&tohBaBe Beatddutithid thom t he react or
through a plurality of, overflow | ines, wherein the plurality of overflow
lines ar e "PPERtOle™ 89ihe react or where a feed mixture liquid level in the
reactor is to be maintained; 10 tranferring. the feed mxture to a settler,
wher ei n 10.Banditeddomprisingt € i s i ntroduced into a coagul ati on chanber in the
settler through a plurality of settl|ler inlet ans:.allow ng solids to
settle oufuPBff#’%’gﬁé’luF%lg’ao%Jﬁ?eQ%/ﬂraéeacz?f g #E}F%f%o'rﬁmﬁ’ﬁlé'% OtTomof the settler,
form ng cl ardabtord water; renoving the solids fromthe settler through a

sl udge outl et ns. a 5.renovin he clarified water fromthe settler

t hr ough a“WP‘Eﬁtg‘TEﬁW%PP%?%&P‘Bm%ﬁa&‘%‘ﬁ?’&%{ﬂ%‘:‘%ﬁ%v ®Pn the flow of clarified
~wat er t hr eughing the fgell wiiahde frymate rdabigqrthbugh it pletlirebnsriow lingt wherein the

plurality of overflow lines are located on the reactor where a feed mixture liquid level in -

D

the reactor is to be maintained;
10 transferring the feed mixture to a settler, wherein the feed mixture is introduced into a
coagulaﬁon chamber in the settler through a plurality of settler inlet means;
allowing solids to settle out of the feed mixture and accumulate in the bottom of the settler,
forming clarified water;
removing the solids from the settler through a sludge outlet means; and
15 removing the clarified water from the settler through a plurality of liquid outlet means,
wherein the flow of clarified water through the plurality of liquid outlet means is not

- adjusted so as to control the feed mixture liquid level in the reactor.
11. The method of claim 10 wherein at least one of the plurality of feeds comprises water.

12. The method of claim 10 wherein at least one of the plurality feeds comprises chemicals that

20 assist in the precipitation of particulate matter in the feed.

13. The method of claim 12, where the chemicals are selected from a group consisting of Ferrous
Sulfate (FeSO,), caustic (NaOH) and a coagulant polymer that assist in the precipitation of
particulate matter in the feed.

14. The method of claimn 10 wherein a motor driven mixer is used for mixing the plurality of

25 feeds within the reactor.

15. The method of claim 14 wherein a baffle plate system is used in conjunction with the motor

driven mixer for mixing the plurality of feeds within the reactor.




adjusted so as to control the feed m xture liquid level in the reactor. 11.
The method of claim 10 wherein at |east one of the plur akifeyruafy Soogds
conprises water. 12. The nethod of claim 10 wherein at | east ore of the
plurality feeds conprises chemcals that 20 assist in the precipitation of
particulate matter in the feed. 13. The nethod of claim 12, where the
chem cal s ghg3melected froma group consisting of Feppdsaw fate (FeS04),
Caustic (NaOH) and a coagul ant polyner that assist in the precipitation of
"particulate matter in the feed. 14. The nethod of claim 10 wherein a notor
driven mixer is used for mixing the plurality of 25 feeds within the
reactor. 15. The nethod of claim l4imwherein a baffle plate systemis used
in conjunction with the nmotor driven mxer for mxing the plurality of
feeds within the reactor. 15 February 2006 WD 03/ 022397 PCTI US02/ 20221 -10-
16. The nmethod of claim 10 wherein the settler conprises an upper

cyl i ndrii6.dthe methbd ehelatun t) Rherdipie settlepdvinddikes pOtifpeOdylindrifal phrdoraiiaod of cl aim
16, vvhereiln the.s ug&‘g outlet nmeans is |ocated at the | owernost portion of
the | ower CONFEE* B8P on of the settler. 18. The nethod of claim 10,
wherein the coagul ati on chanmber is positioned concentrically within the

- set t1 er 17. The method of claim 16, wherein the sludge outlet means is located at the lowermost portion

of the lower conical portion of the settler.

s 18, The method of claim 10, wherein the coagulation chamber is positioned concentrically within
the settler.




