WO 03/ 022397 PCT/ US02/ 20221 -1 REACTOR AND SOLIDS SETTLER FOR GREY WATER
TREATMENT BACKGROUND OF THE | NVENTI ON Hi gh pressure, high tenperature

gasi fi catworn3myspens have been used to partially oxidize Ppaydrsozanrbonaceous
fuels to recover useful by-products or energy. The fuels can be adm xed
with 5 water to forman aqueous feedstock that is fed to the reaction zone
of a partial oxidation gasifier along with a oxygen containing gas and a

t enperature noderator. Mxing the feed with water may not be necessary,

gi ven the conposition and physical nature of the feedstock. Cenerally,
solid carbonaceous fuels will need to be liquefied with oil or water prior

to feeding REAdPOBEAND SOLIDSHH AR FOR CORE YW PER FFangesnteT’ uel s 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
| i qui d hydr ocar bonaceousBAGHGRO OHERE INYENJHOXY i be various suitable

f eed KS (h-Sq i degd. includ I I U [ d
pumpabl o 1 108 EoSgy PiebderbPeadieRRR Slefthla bPh 850N SRy Fhifeg

t her ediydrdcarboagdeou@nielsCro Fbdesti el GaphatuctsSor @asres Thefhelsioghlbel adhp@biveith
material, or_ slurries thereof ma%/, be included within the definition of the
t er i "Witgiip Jomy AR 8guRoys fecdstodk thet isdpd tohgpeastion gapeohi Rafalgyadationasifier es

of sol}j i1qul fuel feedstocks,
oxygen%‘?hegd& ygggggeﬁgégggag%ig%gasoéﬁggﬁ%p é}%r{gl% ée)lgl?’g%g{,&r'and m xtures thereof.
Gaseous hydvitdiag Henzeé ovith vaiel snayeot dk secéssardyupived the cohpositjpar aridaphysical

oxi dati on ifier alo or along with |iquid hydrocarbpnacequs f.yel.. 20
The patita Pl the faa{sroak; Kieaerllgrsoid capberaseat e 2 il adonbe Pree g L 93} gy,
unpac k@&{eﬂ‘ﬁﬁ'ﬁr At © ﬂh@s%agﬁi%ﬁr itigigid gagjﬁo GedtsOhy dr SAPEINALdd€ fdEl nityTbe

pressure conditions, about 98%to the Hydrocarbonaceous féedstock
canobesuitable dort ditect feed toyie pasfie, batscan detraé-tricaigd dorr tsorovahohanyiiveurities that

hydr ogen |so referred to as synthesis gas or syngas. Carbon di oxi de and
wat ergmg%geall’rgf‘)er’ﬁg’r%geqdn smal | anpunts. 25 Water is further used as quench

water to quﬂﬁcﬁrﬁlhﬂ?ﬁﬁmecaﬂ'ﬂnﬁcd@UQM WAL héredl &P ded¢siBel vafloSs Kbiable
\F,)\,Z;:E Iecfléclac?s:[co%kg?st }n(%gnde(g Q[(r)n iécquesglglrgga%leaﬂguigOhy(c:l?o%larb%gdrggtreria(i:l(s) ra]t}/lg >Il)urFl);fl)ratl"[)lle Cliquu?c% ©
slurries of solid carbonaceous materials, and mixtures thereof. In fact, 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 generator. Under high temperature and high pressure conditions, about 98% to
99.9% 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 portion 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.
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wat er, gasification units reuse nost of the quench water. A portion of the
wat er i s woroamba3y7 conti nuously renoved as an aqueous eff[Pagrusp2/gmey wat er,
purge wast ewater or bl owdown streamto prevent excessive 30 buil dup of
solid materials and undesired dissol ved solids. WO 03/022397 PCT/ US02/ 20221
-2 The conposition of the grey water di scharged fromthe gasification
systemis fairly conplex. This water-Zan contain chlorides, amoni um
salts, and other potentially environnmentally harnful dissolved materials
such as sul fide and cyanide. Thus, the effluent wastewater fromthe

gasi fication system cannot be discharged to the environnent wthout 5

t r eat nent j : : i i g ed
afl ehbEsdLOPYN greTNRa@f A¥scHB §c[e ﬁmpwgﬁlﬁéaﬁﬁf}@ybénmss% g

fromthe gasification systemi and is tre emcals’to precipitate
i mpur icoimpdex. n Thive watey oeat enontaffor cldsades] eamfenivoussaBs) fatde otlidfe $Ontislyr be

dded to. prod i £ on. hydr oxi de. f1 F 2 I.fi de,
cyan: ceviupioeay bl Galibef Malels Bincectride bad Srigitoquth g crhien
conmbi Redsteihtdrafbsh MeX ghAGHioh dySteA darsifok IHES dRERA SR to TRE ANRIHNLRL Swith it

added to the rapid m x reactor where they are mXed with the grey water.
Thes eftrdatiaent and sphidsttempedi d ni x reactor is sent to the solids settler,

wher e any recipitated,solids and nticul a nmat.t er e..all onwed to.settle
out of t he TSGRl ERE bighiontn i, Mhisudted Folf Sl iy IED. WV I can
be suhjeaideit chanidalite piiclpitRiifguritieDinole gady WhiteAt F@dxamply, Femapos@fiton to
produce a dry salt for commercial marketing and a distillate water. The

wat er (FsS@arcannks ageed i praduer b iranehydioxide daa die(ghemdn sroEe sy isidehy
e LM 3640 AN S MRBLRREAL. 1HieGRLA% LA Wife Bl A0mbiBEIAH fabt0my Faliok ©

FIG 17 a c n prior art rapid mx react sol1ds settler rntegrate
sy st erni soBéovattlerGEie abatéralsf are aidedgt@sthé irapdd nox resoior wheet theh avendnisesl Wit
throuqﬂ?l ine 10 t;} rapid 1 X heact. r .14, Chemicals are al so added to the
rapi d 1 FPeXdror 149 e{pfh}eahgﬁmé § B PpiR gEacty. 18 sEnigp thepalifls iFtich o AmL 4,
the grRYCip@i&l saad ahd Bartib@MeGRtRr BRI AModel oIkl bR heZdey WARE. WSeShAviRgd DY
m xer 16 which is driven by notor 18. Four baffle plates inside the rapid
ni x r dbesddidspewoierh the poy o caibiersgbjeRag itel amimonizetiipring, hiolegisalatréatment,
| ndi C%tr %R/apzo('}at\{\(’)hnl ﬁ)hpr%&?c%sa grysslaﬁ qgll cgrr?mlaﬁz\lla? Imarketing and a distillate water. The water
15 can then be recycled 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 through 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).
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settler is the first in many ] i .
sometimes causing the control valve 38 to swing wide open or go completely closed. This
15 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
develop 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. '
25 SUMMARY OF THE INVENTION
The present invention involves an improved integrated reactor and solids settler system
for solids removal from a water stream. The integration of the rapid mix reactor and the solids
settler of the present invention 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 solids settler
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Referring now to FIG. 2, one embodiment of the rapid mix reactor/solids settler
15 integrated system of the present invention is shown. Grey water from a gasification unit (not
shown) is fed through line 100 to rapid mix reactor 114. Chemicals are also added to the rapid
mix reactor 114 through any of lines 112. Ferrous Sulfate (FeSO4) 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 polymer can also be added
20 to assist in the precipitation of the sulfides, cyanides and particulate 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 occutring in the rapid mixture that affect the settling process are

summarized below:

25 (1) Fe* + HS > H O+ FeS (solid)
(2) Fe'? + 200" > Fe(OH), (solid)
(3) Fe™ + 6CN" >  Fe(CN)*

(4) 2Fe*? + Fe(CN)s* = Fey(Fe(CN)g) (solid)
In rapid mix reactor 114, the grey water and the chemicals form a liquid level 122, that is

30 stirred by static mixer 116 which is driven by motor 118. The rapid mix reactor 114 effluent



shown) is fed through line 100 to rapid mx reactor 114. Chem cals are also
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reactor at times when the un1t is being shutdown and 1solated, 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 leaving 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 situated 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 no 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



renmoved fromthe reactor 114 fromthe bottomof the reactor. This is useful
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15 means is located at the lowermost portion of the lower conical portion of the settler, and the
coagulation chamber is positioned concentrically within the upper cylindrical portion of the
settler. The reactor 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 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



liquid |level in the reactor is to be maintained, and a flow of liquid
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the coagul ation chanber is positioned concentrically within the upper
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r eact Geactér. r eact or bottom conduit connecting the reactor outlet neans to
the transfer conduit, and a reactor bottom valve |ocated wthin_the

react or botAtdaast onelof the plorafite of fesdrecpprises Wakes ait anoiles semprsesshemdsals
cover d.conprisl i l.ural i 0 :
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pl ug al seleyted@ffrdne @dgroup tcbhdistingeofl Bamue SulfateniFag§Oa), tewstic iNeOH) end raeoaagiilagt t he
feed m xture fromthe_ reactor, thr%g%h 1’;\ pluralj téaofj%ﬂ(zverfl ow, | i nes,

wher eiRobymE thatyasgist 1y therpreyeifation of Paritcylats wafteic by B Tegh 4 MO SHBEBMKRkre a

feed XM Gseld fgyhﬁxihg\egé gfggatl };ref FRACHRin e kRS, PRI QA jurlctisN$fifr4 | ng

25 the f'eed mxture t , wherein the fee_d m xture is mtrodyced
i nt o ebaffbeapjateatyisiem. cHaerkatler may tdreprisetan| wapet bylowlgiealapqution atd 2 Jovedr weical er

i nl et ;al i ids t til f the feed. m d .

e comiord i the S S meetods brdied o e fovTbERerolh RIS 8 Paisali ng
t heosQldrilsh of HRMEEIS 3Al tht VoagihitRIAOthatbel BEBE Susttlonkd FBARS ricaly WighiR\the1g
the clarified water fromthe settler through a plurality of liquid outlet

means,seflserein the flow of clarified water through the WD 03/022397
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Sul § atig dREERONI stcBUdhlis dubeitles 3 nddfRAAMPAparent 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 uses an integrated rapid mix reactor/solids settler system or variation

20 thereof.



pol ymer that assist in the precipitation of particulate matter in the feed.
A notor driven mxer may be used for mxing the plurality of feeds within
t he reactwn,03pees87 bly in conjunction with a baffle platepsyatSereo2The
settler may conprise an upper cylindrical portion and a | ower conical
portion, with the sludge outlet neans being | ocated at the | owernost
portion of the lower conical io portion of the settler and the coagul ation
chanber being positioned concentrical-8-within the settler. Wiile the
apparatus and nethods of this invention have been described in terns of
preferred enbodi nents, it wll be apparent to those of skill in the art
that variations may be applied to the process described herein w thout
departd't:ﬂgn{,lgomthe concept and scope of the 15 invention. Al such simlar
substitutes and nodifications apparent to those skilled in the art are
deened to be wthin the scope and concept of the invention. In particular,
it shoul dnhpparatvedotpetingal t hough t he preferred enbodi nents were descri bed

as a treatnent for grey ter froma, gasificatiqon process, the rat us
and met hBEECef c?lﬁp’ésmﬁ%ﬁ?r?lbtﬁ of HHRC0E "ﬂ%éﬁeafl&ra g @ﬁ%ﬁ%?ﬂd %BIW%@P gﬁrmval
system t hat, USRSy Bfkst Nt egrated rapid mx reactor/solids settler systemor

variation 20 thereof. WD 03/ 022397_ PCT/ US02/ 20221 -8- CLAIMS: 1. An
appar at us sattherprongirising aplnedict ofsetloninlétangags.a ¢plagulation ¢hapfber, @zbidge onti¢tet

neans, a mxin an dg.plurality of verflow lines; 5 a settler
conpri si ng n%\eaﬂ}? Iai@fs}ragy%fzfcﬁfdé?uﬁetﬁné?nsnﬁﬁ s, a coagul ation chanber, a
sl udge onth@ifer (VRGNS codedtiny ke Phahlith bf 8ferfibGuids abd {he BN SF sétlek ialet

transfer conduit connecting the plurality of overflow lines and the
plurality dofcaggttl er inlet nmeans, wherein the plurality of overflow |lines
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means is not adjusted so as to control a level 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 1 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 settler comprises an upper 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



2. The apparatus of claim 1l wherein at |east one of the plurality of
reactor inlet nmeans is a feed inlet neans. 3. The apparatus of claim1l
wher ei n awoloeas13opne of the plurality if reactor inlet neaeI/use2202215
chem cal inlet means. 4. The apparatus of claim 1l wherein the m xi ng neans
conprises a notor driven mxer. 5. The apparatus of claim4 wherein the

m xi ng means further conprises a baffle plate system 6. The apparatus of
claiml wherein the settler conprises%®n upper cylindrical portion and a

| ower conical portion. 20 7. The apparatus of claim®6, wherein the sludge
outlet means is located at the | owernost portion of the |ower conical
portion of the settler. 8. The apparatus of claim6, wherein the
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cylindri (I:%F "%8‘?‘?%51“%‘% ﬁ%ghia}éﬁ? %P aﬁg%ﬁatﬁeré%g%a%a O}tgfs&ao &8%A§ef'dﬂﬂﬁhe? ein the
react or ftdactohBotteaepidaes a reactor bottomoutlet nmeans 25 |ocated at the
bott om nost portion of the reactor, a reactor bottom conduit connecting the
WO 03/ 02%:;27 P&IT/ USQ2/ 20221 -9 reactor outlet nmeans to the transfer
condui 10 AdRethad FREPHYBRS ot t om val ve | ocated within the reactor bottom
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reactor t ity of reactor inlet ne e b5 reactor;
m xsng the rpdatoral ity of feeds within the reactor formng a feed m xture;

removi ng the fee ].xt rom.t he reactor thr a. plurality of overfl ow
lines, wHEYES FPetFﬂBrr‘glﬁ'l ‘%ﬁfgﬁst"ﬁ’/lt ’F%}f‘éﬁ“? rotg\fnfuinﬁ@(s)fg%r@"itgrgat ed on the reactor
where a E&%iﬁ%]ﬁk YER thix@ite Fron€ie edctdr thrBBgH £pRiAllty b oV R fIb® 1B, MilRkdifdie 10

transferring the feed mxture to a settler, wherein the feed mxture is

i nt r oduced plummbity=of oyerflpyy hndsce lohaipden thereadier where pdecdinixougqaiddeval &t ity

o et et PSP RIE s RIS, pol L0, [, 5ot e 0w of the Teed mxture
10 transferring 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 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 (FeSQOy), caustic (NaOH) and a coagulant polymer that assist in the precipitation of

particulate matter in the feed.

14. The method of claim 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.



formng clarified water; renoving the solids fromthe settler through a
sludge outlet neans; and 15 renoving the clarified water fromthe settler
t hrough awploanzad3pty of |[iquid outlet neans, wherein the fPicawsot/2eekarified
wat er through the plurality of liquid outlet nmeans is not adjusted so as
to control the feed m xture liquid level in the reactor. 11. The net hod of
claim 10 wherein at |east one of the plurality of feeds conpri ses water.
12. The method of claim 10 wherein at-1oeast one of the plurality feeds
conprises chemcals that 20 assist in the precipitation of particul ate
matter in the feed. 13. The nethod of claim 12, where the chem cals are
sel ected froma group consisting of Ferrous Sulfate (FeSO4), caustic

par | o are REY it REITER b Pdik sy BPLOTRMRB BiER M2 vot or

driven mlm%rcbﬁlcuﬁlﬁﬂtld)mr m xing the plurality of 25 feeds within the
reactor. 15. The rret hod of claim 14 wherein a baffle plate systemis used

in con tio he tor .. driven m xer for xing the plurality of
f eeds iﬁ’]rﬁ.\fs et W%ﬁmébﬁgqow&ﬂ%@wﬂe@@g at theglowgrmoph pofieRhod

of cl ai mo%@;e‘Mik%reddﬂﬁai‘goﬁ%htokﬁ{ &@@prises an upper cylindrical portion and
a |lower conical porti ‘Fhe nmet hod of claim 16, wherein the sl udge
outlet nmeans is located at the | owernost portion of the |ower conical

por i ob8. dhe nteshoslesficladm, 105 whereinthe coagutesivnehamber impoQiionddeoatentridally within
coagul at |ﬂ§)nS &lhanber is positioned concentrically within the settler.



