; e3e##ttu f6Tr ;A 1 1 S E P 2002 .TI'®.E OF THE | NVENTI ON | norganic
Conposition, Process of Preparation and Method of Use BACKGROUND OF THE

| NVENTI ON The present ipvention relates generally to coagul ants for ]\/\@ﬂfmm
treat ment appl.d 'M\@In general , coagulants are utilized to renove
suspended sd\&\\%‘\m\k\ s from aqueous systens. Coagul ants typically fall
into the gen G@akegory of inorganic (trivalent, divalent netal salts) or
organi c (water sSlubl e pol yel ectrol ytes). Exanpl es of w dely ed i norganic
coagul ants are alum num sulfate Al z(SO )3, alum num chloride MMM]/

al um num chl orohydrate Al12 (OH) 5Cl1, ferric chloride Fed 3) f Jlmlmme
Fe2(S04) 3, and cal ciumchloride. Exanples of commonly used water g4l e or
sol ution pol yel ectrol ytes are pDVDAAC ( pol ydi net hyl diallyl ammoni um
chloride) and Epi-DVA pol yam ne. Many inorgani c coagul ants are conpati bl e
wi th solution cationic polyelectrolytes and can be conbined to form stable
conbi nations. In recent years,IlLikfyORi FHEr SNVERTERN fornmulations -1 1 1 S
E P 2002 of an inorganic coagulant with a high charge solumon cationic

pol yel ectrol yte have been parented and nmarketed. An exanple of an inorganic
coagul ant/ pol yner blend mght be: 5 parts of a standard 28 BauntE A1C13

sol ution mxed withParPartc oFOERPS PR hol RERASTE. C%’blpé"eB?aﬁﬁllQE, linits, and
ranges are explained in United tateh ‘Eatfm Nos. 4, 740',457, 4,800, 039,
and 5,035,808 to Cal gon Cor pofati OntiAcCE Ufiher in United States Patent
Nos. 2,862,880, 3,285,849, 3,472,767, 3,489,681, 3,617,569, 4,137, 165,
4,450, 092, 4,582,627, 9,610,801, and 4, 65S, 934, the disclosures of which
are incorporated herein by reference in their entirety. Normally, these
conpositions are physical blends of an inorganic trivalent netal salt
solution and a water sol ublgReRWIRD 50! whkomwvitirfdyi s a sinple m xture of
t he conponents where both cConponents retarn elr original identity or
chem cal conposition, but provide utility and advantages such as: 1. a
synergy of adding the inorganic and pol yneric coagul ants sinultaneously as
a blend; and 2. easthefptss®ent uSivehtinem predduels geatealll pf tdéwochyhbaety
elimnating feed systens, equi pnent, and handling). Wastewater treatnent
syst ens t §prcaiitenr apaatandrite appl iofattiraneal entn ngergraial teoagubohysearer a
conbi nation of both in the coagul ati on process. Both ferric coagul ants such
as FeCd 3 BFéadsedndtal ureTRIYE cFatFeases seehids RANHCGESAL£FOM) SERVEPRRIdS
are often used for these processes. Both the ferric and al um num coagul ants
provi de dFYFEFBfit desirable properties. However, these coagul ants are
normal Iy inconpatible_wth each other. -2 1.1 E P 20021t Thu
desired in the art FEeHBLETEe WALy SEAMLIER WiR SROG0A! C2DREPRE She
desi rabl e; . L.eS +of rJ4.C |y 0 l.ant S#&@%Y

| NVENTI 0\11%28%%? en(ttqflrﬁégﬁtﬁtdnq%ig,ﬁa%ﬁ@ew a?oan%é[st%pi o%nr that | sc ?F@evgtgr
reaction phodutt @o1d-dildoal ARt Bt al Baldpl X daid Nk IGhr esdaM sakEanidn
aci d phosphorous conmpound and an al um num hydroxy chl oride, and a process
for prepatbagulbatsan®re Tha udidied ehlBsee a@QQ(eD)Ng, t @ lhE ineSeRloride

i nvention conprises adding this reaction product in an effective anmount to
t he sol ut RdA1lt o dEuhirvahedhldhehygdngposiAl,dOHOICT hef uresenthlionielst iFeCl, s an
excel l ent and uni que coagul ant for nost water treatnent applications. As
used herefgrrilke Pt bEatlee " &kt 68Pilve amduntalqiaferehlieridedt arfiamplss t ok

cl ai med reaction product which is helpful to at |east _partially treat
(coagul at EPMPRBLY npsed t Yaker nseheblmsevialsition ppdyveheBbrAgYEREaREE. PBRI EF
DESCRI PTI ON_ OF THE DRAW NGS The abqve _conposition will beconme nore apparent
when ref ePE¥REEC s (Ratedipethel f fiadvivdg HBPeIWY gRie¥iPe! ofnd aﬁ@h'&ﬁp‘
conjunction.with the appended figures, in which: FIG 1 is an Al-27 NWR
spect rum BPL¥BMdBFuni num phosphate: FIG 2 is an Al-27 NVR spectrum of

al'um num chl or ohydr ﬁltan'y J?rqgrégnic 1co]ég§zlgn§szggg compatible with solution

cationic polyelectrolytes and can be combined to form stable

combinations. In recent years, many different blend formulations
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FIG 3 is an Al -27 NWR spectrum of the reactzon m-:~ture of iron(lll)

chl ori de, nonoal um num phosphate and al um num chl orohydrate. These f;l%tig%s
are discussed in detail below DETAILED DESCRI PTI ON OF THE | NVENTI ON 2002
present invention was discovered when the inventors were attenpting to

obt ai n t he @fesifabierprbper €PegubinFed tbRehdsh apdards Gl Clibhendsioyic

m xi ng these two i norganics and_ then conmbi ning the resultant mxture with a
cationi ¢ pdI3ILBEGIPY tand SN §REGTERES ANFoRRTERL €F heyR i §%8TRERdOL
that m xtures of trivalent netal salts suctt}?as Fed 3 and al um num hydr oxy
chlori des stfthlBSTBRAEOH)CSEE W b/ MAINFES bPEhdMa8 Pt ablenpt sPES SRS ne
such m xtures ended in a_gelled/solidified reaction product which was not
usable. It %a%n%?f'e‘gp%%t e%gg}mai éiE}gErserl"tttfa‘?n I'—“élc’fle:goé”&tﬁ‘t i‘orP3ENd A4zFPH 2E

sol ution can be stabilized and cogéoi nefiirglp{guggné hﬁ use of_a thi

d. .
i ngredi ent ,°ONEAT M nuit PRoSPRET TS The Thvent o1 HAVE Ui Scoveri 0t Hdd
of combi ni qﬂ?ité'é%s%t%rt%\é' BUSLY. | g&omAL) Ol qlsgoagugﬁ@té%gpqargé eat ) ng gga?ito

stabl e, conpl’'eX 16n coordination conpound that "éxhibits’ i ncreased- cacy

as a coagul@ntqsf O&O'kggg%i&ﬁ! and @H}itq{eqaliﬁﬂ’aﬂlﬁ%técﬁegEgggg' Patent, Nos,

conposi tion, ‘and proc or preparing the sanme, has been discovered by the

inventors comyd wighg Bhegkeagssi on product, of s8stdvalentyymekal gahoiber
than chrominumsalts, “am al uni num hydroxy chloride,” and an aci d phosphorous
conpound Wi cv@EeisD ,aa ,&s3t @bl i zi Bgoceopoundd 44655 lods SERQA2sdN8sures
preferred process of preparing the present invention is the addition of the
aci d phosphef etrsl ctorpeuttdcospabated ereretio bigertfévahentimetlodisadht i SOON.
foll owed by the addition of the alum num hydroxy chloride. A small exotherm
resul ts frdmund laddithiesa obmpdel Eicires phves physboosl cobpuimd { sdrabihezgarid o
the trivalent nmetal salt. A larger and nore vigorous exothermresults from
t he subsequentvakrit i metafl t Belal WAWMAYdBESRY & hwatiede. sphibdeuponl Y s
exotherm as well as color changes and partial precipitation (and

re- di ssol utSOMEiat Woipbl fevadcsiTRke MHETESRpBAHEe FRBPORRRES M eRe RetHew
conmpound is fornmed. Although the order of .addition of these conpounds to
form t he n&PEMPIUR nﬁ;’?tgénal tHYE REIFBEGE ordET I YaddPE onclﬁi‘?smlcal

preferred. éfmthg trival er}:t met al . sal t. alncd t% al ugi glajm hydro%iny chloride
are conbi nédWIHIUCT hed HeiRf PHSEpASraas Y SMfotRd= 522 tir YW £F ' be for med
which will generally solidjfy,d t : r. r.der,

stable final product ,1'if ﬁ]i%’ﬂo%}céx% %ﬁ]oﬂ%slnlﬁ%a?lzled, lﬁgeﬁ%%ﬁd&lac
phosphor ous Pt shioilid RRRAded o0 o Biendl, xkyge prior to
solidification, or preferably within 40 m nutes. However, reconstitution
after solidificationds passddlef byséhe addny encobrbBacaciicsphesphel ailso
conpound. T.h~ least preferred order of addition is when the acid

phosphor ous( womgeEduynde i iSnialaomiend ifrestd wiyeema, t eguhpmahtim and hyddbxyg) .
chloride, because a solid nmass will be formed al nbst instantaneously.
However, this solid ressevateetresonent tsussensy tyhecalil tiegmiofe FG 31seor
t hese reasons, the _above noted order of addition is preferred. This new
resul tant hpfduin@lieatsrgbed sadtappeaPllyBeheCdid feEnng i wobdretionin
fromthe conmpounds used in the -5 11S g P 2002 preparation process._ The
concl usi on %Hat CARFRIR EHHPOBRACEES f or RRED egﬁb%o??%}l%mr—? gtheR’ 2s3FGhtch

Lol ﬂfnlter for 1@%{50%502,98%;{3@“{ S ST ook d i o R (pETH §°nle°r§<f ne
' PQY) i X % i , 5
(o S (D SRRt rot TIELd profkRils| 200y Tl kBRG] 1y il O

38 to 42% I L i ner.gial | J e HQH?QJ 1L nuUm
phosphat e %f%%%@kgpgé otqﬁlfg%tzv%ﬁkg qul) vvata(éBrlfQ p?ﬁ%y%#éﬁl@énus 1'to \}21%2
The conbi natjade Cgoa?gLPl?i‘t'ss SNARR AR 1R0SiHdARaYi Bl SiENCLHER! oERERT Mati ON
in NMR spectroscopy.” The position is based upon a relative marker to a

sel ected standard material and is neasured in ppmshifts in frequency. The
standard reference material used in these spectra was al um num oxi de (AlO0;)
at 0 ppm The shape of the peak (singlet, doublet, etc.) is dependent upon
the nuclei's interaction with neighboring atons. The conbi nati on of peak
position and shape is a function of the nuclei s environment, and thus, its
structure. Figure 1 is an Al-27 NMR spectpum of nonoal um num phosphat e.
This spectrum shows a single band centered at ca. 77.7 ppmrelative to the
standard. The width of the peak is indicative of the structure in solution.
Figure 2 is an Al-27 NVWR spectrum of al um num chl orohydrate (Al y(OH) SC1).
This spectrum shows a very broad set of peaks centered at ca. -57.8 and
-68.6 ppmwi th the former peak being the nuch stronger band. This spectrum
shows two peaks which are overl apped. There are also two significantly
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it The preferred enbodi nent of the present invention conposition, by
volune, is: 10 Fed 3 (aqueous sol ution about 40% active raw material in

wat er) 3 Monoal uni num phosphate (Al (HZPOS) 3 XH20) (about 50 wt % il SEP 2002
water) 5 A12(OH) SC1 (about 50 wt%in water) 1 Cal 2 (30 % solution) 2

Ca- 250 ( Epi - DMA pol yanivse) (B0 wi96iredatr FRRUPRLTPI & Perirene sSERIOEVI ng
the nodification of the volume of the above ingredients in the preferred
enbodi mnentCRAVERN g which wanld poyhppe pelah ik PIPPeR4sChelh BBYEE R ned
t hat al t hou rﬁLhe,above not ed vol umes prom de the preferred conbination,

t hese rat?Bg YhRUR| fefedi®AFFe still mmintaining a stable reaction
product and the desired coagul ation properties to varying degrees. It has
been determ ned that (using the concentrations set forth above) the vol une

of the Fed ; conponent may bg M@E&gdogr&HQBIhQEQEEBQrtS’ t he nmonoal um num
phosphate may be varied fro , Al2(OH) SC1 may be
increased to as hig S t, er per Lt .ot _fh L
Al2( OH) SC1 vol une éﬁ%%a %g?%%géﬁaﬁgﬁégghégm%?gg%%i?afkgﬁhgégﬁﬁé ?%a%c%ﬁr at
this |evelneAlidoughud hequaldd yoef 4 he sigsukhantneompounds vabkethaing
proportionally with the deviation fromthe preferred enbodi nent, the

resul t antcepsmoundsapiteyi ded stabl enhbepebireisprotdetnd Rd el seshsniave
performed varying the conmbinations of different trivalent netal salts, acid
phosphor augdeoRPoLNUSr 88€ , akHaT auprdysk OXFor rpadeng aherelameas t he

vol unes of each such conponent. The Exanpl e bel ow denonstrates the results
of sel ected tests onhwohgmRodndfcogponenbrdangatoonse phesent uirtencismti os
set forth above for conmponents of the preferred enbodi nent are al so

appl i cabl eotpr tdws \eatdiowgs tdliai medctoomipratduons iof anhefbéeheiveravahent toret al
salts, acid phosphorous conpounds and al um num hydroxy chlorides. 3t is
known by ®Re SRIMtéen rce hbeartregligd -t heBlee vapMpasitsapoeidsaarppesent
obtai ned in varying concentrations. In order to obtain the nost preferred
rati o of %%Y@Bﬁéﬁfls 16f %r?ﬁ@%t?ﬁt@%o‘?@ﬂ@%t VERYiTRFt water

concentra%iog one nusiiobgain the sane ratio of nolar anmounts of ferric,
phosphat e- 57> PA0RphaPRL ARAT 4PGRi num as that of the preferred embodi nent

above. For g 14S.EPR %g(l),g.gxagggegﬁggggphgfkg%gﬁé{%%rﬁﬁrgmf&ea}éy

avai l abl e I n about nwater as c ared to a
hOTpEGN be

monoal um Ay ploSHiahs, Ji U@ SQIRAReHe 14kl bebalt: Congent {athol,

used if the correct nolar ratio 1s obtained. It appears that the cal cium
chlori de a8da€A1220Q tCOIRONEN S, & fedl CETEGIONDE A e PiSibead 1 Y exwl whd h

t he conpound which is the result of the reaction. The resulting blend of

t he reactwastewatieet oandytbemQasld 2y atkeAHeL50 ( Epi - DVA pol yam ne) is a
"sweep-floc" which functions as a coagulant and a floccul ent and, as noted
above, could be useful in many water treatnent processes. Ot her standard
additives can also be mxed with the reaction product. In place of the

CA- 250 ( Epi - DVA pol yani neRIER-PREGHUETRON K TEE DRAHINGSer certain
circunstances in the physi cal

bfend,m@?h fhe subj ect reaction product. The
p- DVDAAC may be ut i Thee@baHenceRBOsit valh et l hebefomne | TOFe GRPITEAY HEhen

preferred epbodinent) is diluted b to 40% W t er prior to the

Didi £1 on BF EEREPAE! & 5o MBEENGroGaec SROGHAT AN B=E RLSS W RERN PO I oyt aicen
chloride..,In order to utiljze_ p-DVDAAC w t al r.eady .prepared reaction
pr oduct o}nt%%n%?%?g??gdwé oﬁﬁﬁﬁ%ﬁ?eéé%géﬂ¥$$%*?e§§%g%ﬁeéfoduct must be
diluted by 10 to 40% wmit ter _pripr. i Ly o] p-&%ﬁgggh
phosphoric acid is §%§%tr%3?€§ ?grzghé£ﬁnﬁgglu Hﬁ%]p ogghate 0 tméﬁum
preferredyg Lpent, dilution of either Fed 3 or the entire reaction
product should be by 10 to 80%with water, otherw se precipitation wll
occur. Tests have afgq_been perf qiredyipol WMo t MBFUmNCer of 31 hei ppuUNt S
of Calz and the anount of the CA-250 (Epi-DVA -1 11SEP 2002

pol yam ne¢hldhehyetspes ehdt hese conpounds have been varied both together
and or. an independent basis. The variance of these two conponents appears
to have a negligible effect on the formulation. As noted above, although
the preferred enbodi nent utilizes Fed, as the trivalent netal salt,
nonoal um num phosphate as the acid phosphorous conpound, and Al12(CH)5Cl as
t he al um num hydroxy chl oride, substitui-ons may be nmade for each of these
conpounds while still resulting in a stable, efTective reaction product.
The preferred trivalent netal salts are those of Goup 8. The nore
preferred trivalent netal salts are netal halides. However, the npst
preferred trivalent netal salts are ferric, such as Fed 3, Fe2 (S04) 3,
FeBr3 and Fe (NO3) 3. Additionally, blends of the foregoing my be
utilized. Ferric halide is nore preferred) while ferric chloride is nost
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11 S E P 2002 polyanine) may also be substituted with other Ep_-DVA
pol yam nes. CA-250 is preferred because of its relative iowto nedi um SEP 2007
nol ecul ar weight. CA-250 is a commercial pol yam ne product sold by Calg

co t Thi | tant d_h d ted to b
excell ent and  uni 30333%%?%1“”@”@@& GEE ST B4 POt TRROH AT TS &

i ncludin -coat vaste L ten- ep e 6o guI atlon oily
wast e and “sol ven’t |)ne pal n %ét avé% l%}l on. ?%,Q&%M‘Qféo X |b|ts ot ity
in gener?_J £f. treatnent, nuni CI pal wastewater treatnent, netals
renoval fromwat'er) paper nmking waste water, water containing chem cal
conpounds, water CoAlNIfMY Hganke 99@@999@5 iMed & s Lo &I, ng bi ol ogi cal
conmpounds, poultry processing waste) ink containing solutions, raw water
clarification (such as nunicipal drinking water and industri aI
purification), oil/water separation, water containing suspended solids,

col or renoval (col oregesot Lt ancr wasiosl orayus! uryynTtorl waste, m neral
processing water, oily waste, water contalning suspended solids, water

cont ai ni ng pai nt sahedprapdnot frerec idhews e sdd dante redwnenpohind s tak-go
been denonstrated to renove netals fromwater) including heavy netal s such
as | ead amdeani ekekmpEingattanasbeairs the wiestiewdtler mermratsss f bdmFeCl,

el ectrolytic prinmer coating. The nmethod of using the new conpound for

coagul at idreTide tard Al HGs Hlendssbyomdkdng sheadding thergewicsnpodnd to
the systemin an effective anount. This new conpound al so may be utilized
for enhafd&d coS@G‘P&FFBﬁ Erﬂ?ancé‘%is‘@&s&ﬁﬂ at MeHtREe t h¥it8duct i ofashonadcal

organic cont T nant s Ee reduct on of organic -13 11 SEP 2002
cont am n&MY SHECYP; HEFn@n%PE ef S1RfES] Jae’d“tte‘sto WRVRTZ e TREY AL S6RVEF e

hi t hydr b f d hi t Th t
or ef or g 5t HBCFoF* 8$ dtﬁtr%e[nﬁ“” P%t PO SCETOR® pf B P En e .
fol | ont ng.2hens; %? B! Skt sUpahAlGee add.3 parta v ol urgy oo

nonoal um T utT on about w o1n
volume F 4% Wy
Duri ng t%g addi ti on o} eﬂ%n%a‘{)gﬁn%&ﬁu%épsho%g%%gt éﬂscn%%?glﬁa sb'ﬂﬁ%&?é}%

sol uti on,<SQIT Jre d&'&tWh'lchaKfﬁspﬁ@@eusglbﬁé_e nmay be sone parti al
preci pitations and col or changes - and striations in the solutions.

However, when the reagkkolnesfpecigalist €,iseveeyéditlgrd Faal,sebllic@Bnanddit
appears stable. 2. Next, the 5 parts by volune al um num chl or ohydrate

sol uti onA(aldoH) .80 mbYutiomaten)bessaadititedt wwed neahbiredf tFe€idhante
nonoal um num phosphate (and further reaction takes place). The resultant

sol ut i onvgeestt Ar hyhd alndrsidentexovhes mmifhe pbpaphatre bedreesinventodad t he
sol uti on_becones honobgeneous. When the solution cools down, it remains
conpat i bP&Vénd dhbTRRjEsESSUS. 8 3. m‘ﬁ?%‘?%ra%fy, combiRingy LbEEfe PAEV2OUSHY

solutlon) and2prt er volunme of a such as. CA- 250 (.Epi - DVA

pol yani né e Eﬂ@ﬂuﬁia’a%ﬂ 2Pfe gﬁ@)‘/’?“?% AddRERPHT héﬁp&}?éfg‘ ahd™t he
pol ymer to coaqgul ati o d,.tao he floccul at | n ohelpformthe
pin roc) Q#:elrnea%lppea ngouB(g %’glalturet%l%l&eac Ton when %tf ~EREY2 aﬁtd t he

pol ymer aid %g%q%%gk.%alxaandu%t%1§l agdzrggglﬁf}%é@%eqp%\&%adb&engfupl i cat ed

apparent 10 -one art that't process nay
utlliz=ng the othern iy BEQE%oHEta%Jd abbassagsd ;ﬁ@f}%&ﬁﬂ{:{oﬁﬁecggﬂ@unﬂ§s and

al um num rl ydroxy chl or des erein c al med, 1f the same™noted nolar ratios
are util ipzesh EXAMPLEdhs, frld qmegts%@n&&@m%m@cIta@egebett%t Beradescri be
and denonstrate the Invention in greater detail. This exanple is not

i nt ended dfo & itititral Bt seopal afalthethéw ettdro hirBmadym eyl t shhiss exampham and
the tabl es included therein, denonstrate the performance of the clai nmed

i nvent i omydrstyudhigri e, paed enr edidnbloospientouandoopbendcivai pedareactison
products fornmed fromvarious Goup 8 trivalent netal salts, acid

phosphor Guss tedripowrids aedpaiugkd.num hydr oxy chl ori de conponents, on the
treatment of E-coat waste. Al so included are entries illustrating the
effectiveness of treating E-coat waste with only a trivalent netal salt and
only an al um num hydroxy conpound. The follow ng test procedure was used to
conpile the results contained in the followng tables. D lution of Product:
Z. 2.5 gns of the sel ected coagul ant anmdl/f or reaction product was wei ghed
and placed into a B-cup. 2. 7.5 gns of deionized water was placed into the
sanme B-cup and m xed until uniform Test Procedure: -15 ~1SEP2Q2 i
995 m s of de~on:zed water was added to a glass jar (a graduated cylinder
was used). 2. The glass far was placed on a gang stirrer and m xed at 10U
rom 3. 5 ms of neat E-coat waste was added to the water. 4. 0.6 ms of
the sel ect ed coagul ant and/ or reactl on product sol ution (300 pprr~) was

b o —— o B o, AN~



11. The solution was m xed at 100 rpmfor 15 seconds. 12. 2 ms of
flocculent - Pol EZ 8736 or Pol EZ 7736 [0.5% product] which are
comerci al ly avail abl e hi gh nol ecul ar wei ght pol yners sold by Calgoﬂ 1 SEP 2002
Corporation - was placed in a syringe and added by the follow ng nethod: a)
the tip of the syrige IS HHHE lﬁgerl%ﬁstshe r FAEE 35T "Ehe TS9G| utirEseaE
approximately the tqop of. the vortex; b e flocecul ent was added and tinmed

f or exactﬁrilv‘%lLrO“s%oﬁ&s;thelGadditiog E”)P %Eﬁz H* f?g‘f’s?]ﬂ%r?‘éﬁ SEBRYNBer i od

ded, the agitati d. d - d | | owed
0. devel ofF 101" 30 S Fand B 1RE ST (S0 s hed COPREE F1 5o
The f1oc av&%isiéi%g? ?#]l pned 5 SeLE %E,fa ox 0 Jﬂlgnﬂeit&%(% 14, IR, ! %?co%lh%%mand

t he appearance e sol utiiron“was "tthén recor vi sual "I nspection only).

15. 20 mrieem% €59 utg_}?@ RS, ESERY th? %S | BESsHRELE, ;J[%%imgiohxd

r eadi ng. e turbidity reading in nephel onetric turbi units)
was recordgdy, b, ekhe %9' tatl ‘E%i%ifehbeﬁewﬂn%@l% angd lgﬁgé@t kAR sBeed was

slowy increased to < 50 rpm 18. The solution was m xed for 30 seconds and

the percentagenf &edagdkid i satiPis Wasor e€Re dedbsdQuedheaaBt o1ospgedwas
then increased to 1D0 rpm and the solution was m xed for 30 seconds. 20.

The per centagena hgetragki dhtatidn Wasstheupseadride dxdthedet ackl fiegat ken of
100% was recorded at 50 rpm no reading was necessary at 100 rpm and
t her ef or eclas mbkntakeand . pdind Bs pethépit seiat ethd tie-dipsededdioa)wast
utilized to obtain the results set forth in the tables below. Flocculation
refers tadg feldevedi nhgaof tbaspendedesos i arparad gy iama lze nepl gomprund
Turbidity as used herein is defined as the cloudiness of the solution
casued byissUsperded patndeslesthe prderjof FdEH P apeL TARSE romposngdsbre
illustrates the performance of the preferred enbodi nent, 10 Fed 3, 3 (A
(H., PO5) EPTmXiqbE) nghdcampeundmpycPe #1ees s 20pE 28FeT P reldition
concentrations set forth ove, as.3930-93 . In 3982-84A the (Al (HzZP09) 3
SO wehs SHESTFTEERd wih HEbPCFAVEAEPSaRECRY SR Fai sl THE 3683m8BA ant
3982-87, jthe PO, .13 _ XHz een. J, kew subsitjt it h yinyl
phosphonih ac(“l()(ca}sJ a(ﬁg{ﬂ&?%g%hy?r%h?gﬁ\%ﬁlﬁgg s&ép%ééﬁ vgﬁ? LQ)C%SA %%%%8Wf§5,0$ BLE 1
3930- 933982, 34A398L,- 8643982;, 87 Pescr £ pLhonRRef &1 red rerhodi-aent HEBR YLy
Phosphoni c %ﬁ@%@t %yﬁggﬁogp%fptee roduct Dilution (De@}éoni ze?iry &
wat er/ pr odiiglest 8hdRBAn - hdud, 9B/ o288/ to create a stable final product,
if this order of addition is utilized, the acid phosphorous
compound should be added to this mixture prior to solidification,
or preferably within 40 minutes. However, reconstitution after
solidification is possible by the addition of the acid
phosphorous compound. The least preferred order of addition is
when the acid phosphorous compound is alone first mixed with the
aluminum hydroxy chloride, because a solid mass will be formed
almost instantaneously. However, this so0lid mass can be
reconstituted by the addition of FeCl,;. For these reasons, the
above noted order of addition is preferred.

This new resultant compound is stable and appears to

be different in composition £from the compounds used in the
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2.5 gns7.59nb/ 2.5 gns7.5gns/ 2.5 gnsAppear ancenedi um anber med- dk
anberyel | owery pal e bl ueUse Concentration (m s/ppm 0. 60nL5/ 300pp .ﬁggﬁﬁﬁz
300ppnD- 60nl5/ 300ppnD 60nl5/ 300ppnE- coat Conposition495ml5/ 5nl5495nts/
Sm s995mi5/ 5%94?5%5/ SMLSpH tq, 2. 930 drons29 drops34 drops3l dr ogspH to
e. 545 dr oBSEBAFGpSE2 VP40 dr OpSFISE 51 Y e/ Appeat antel Arhef RAPYHBY = °
fluffy/ s | arge/ | t . ggg -19 o : - _
hazeTurbig?F§é§.3§4%gﬁf fﬁggfa%k§$%%%t%oﬁ %Bl?%n%ligﬁt%ﬁﬁFgééd2108&Bair
50& 1009% aiL-=0009d :65%.1009 Y0 500 . E P_2002 TABL
Thi's tabl gbﬁ:gg% §§§I 5 ust rat ergé) hg;wyr%e{waehkple%r&%nean%%&%&ﬁleogr g?’gr @g)éﬁm%
embodi menkoirpaehf aqf ey, chanags 10 Bec Lype aNd B 0f 1 hgageld s
phosphor ous conpound utilized. The conposition of the preferred enbodi nent

remai ned geAsi BRI GE BacdhHIteal(a1engept. o kM,039820(9A5 02 wkBEH, VRlws  of
(A1 (H2 PO5) 3 ' XH20) ("MAP') was utilized; 1n 3982-79B, a | ower volune of

H3PO; wasagabstal uwiedclonabber MR wi 9 i3082tE3C,. HEBRmewasS =3RS hizuheditcr
the MAP in the sane volune; and in 3982-80G NaH2PCa was substituted for

t he MAP i Rethe satmtuehunes -30 toTABISE 2ctidel raw material in water.
3930- 933982- 79A3982- 79B39B2- 79C3982- BOA3982- 80GDescri pti onPref erredLow
MAPLow H, P@nSedc iHa POy Stda Hl B 8t dohadH PO Ehoth sy tRr oduttAl (OH) .Cl1 are

Dilution7.Sgns/ 2. Sgns7. 5gns/ 2. 5gns7. Sgns/ 2. 5gns7. Sgns/ 2. Sgns7 Sgns/ 2

Sgns 7. Sgnbreh SHAs Bk ohlzedRal er P dekt Mppearhricegdod/ med anber good/ dk
anber good/ dk amber good/ yel | ongood/ dk anber good/ dk anber Use = ,
Concent at i on0. 60nLsFBO0EPAPL6EFEEP308pBnDEEbNEsFRBBPPADC6DRESF300pHBLE0NMLS
/ 300ppnD. 60nils/ 30oppn( M s/ ppn) E- coat . _
Conposi t i ShIISHEERSNIS4SSHASASH sHO5THER/ SRESAESHTSP M s 488 IBPShE £2854Fs/ Sm

| sDei i d ter/ e- t teptt.to 2.927 5 24 d 25_d 23
ir ops9d aPBRSOrERa & S60 Ak YO AP pte 0 (R8P oReRs i Spess a1 ant’
dr opsFl ocyer ein%!x?éd hlazelﬂﬁt Lohe/yverny sle 8,19 Hhazyl gy dheeselsloed

| oose/ al nb&§t1g°T oose/ s PPM SHiLts 4 €q : ard” Yeleren

hazesi ze/ :aRC h T i di 683 Z7Det A El ¢cat honGo
odGoodGoog%gggéggd%%%gﬁgnﬁ%%/gﬁ%%%%%%géﬁowO(QJO%Flp%I %%%;565%9?;‘1 RI 00

N 11 SpbmP 2002 BlE 3 Takl gsaB adlichdhdd,| usthprate, tdec ef factafendent

a_~tering the use concentration of the preferred enbodi ment. The nunbers

i r_cl udedugsderthde nweadiing "Deserapiian” wiehemeiggiidre ive) uaesms0 FeChe, 3

(A1 (H2POQ); XHO , 5 A12 (OH5) C1 , 1 Cacl ~ and 2 Ca-250, of the

conponent comhiratiahi @fs péalaphsseiofhortld aimpe i22a furkktddn of the
nuclei’s environment, and thus, its structure.

Figure 1 is an Al-27 NMR spectrum of monoaluminum
phosphate. This spectrum shows a single band centered at ca. -
77.7 ppm relative to the standard. The width of the peak is
indicative of the structure in solution.

Figure 2 is an Al-27 NMR spectrum of aluminum
chlorchydrate (Al,(OH),Cl). This spectrum shows a very broad set
of peaks centered at ca. -57.8 and -68.6 ppm with the former peak
being the much stronger band. This spectrum shows two peaks

which are overlapped. There are also two significantly smaller

peaks on either side of these two major bands which are probably

-6-



TABLE 3

#1#2#3#4#5#6Descri pti onPreferredPreferredPreferredPreferredPreferr edPrfafsﬁg 5
ed 1 007
Enbodi ment Enbodi ment Enbodi ment Enbodi ment Enbodi ment Enbodi ment 10+3+S+1+210+3+
S+1a210+3H5PT+ AREHSH891 0+ 348 £1 FREER3-A5+ 114 Pepeitie t 70 Sies /BRIMmeSgies /I Sgis
7. ng;/2.s%ms7.sgm3/2. Sgns7 Sgns/ 2 . . ,

sgms7. SgRELPTSymsDilTut PERGHEDei ot e BRENREF/ pPrivtluBPABpEARAN CEBAIEr afBerdanber
anber anber anber #seo. Or s/ 0. 04nis/ %ﬁl o /Eg)prro. 20mLs/ 1. OOmM s/ SDOppnR

oo s/ 108855FEE céﬁl@am%ﬁq@&r%pﬁ o@ﬁﬁ?ﬂs SFEPRY E- coat 495nis/ Sl 495nmis/ Smi
s495mls/ Sm s495nis/ am s495§ﬁls/ Smi s4£$n%{§/ WQSCO otsi ti onj?Dei. oni zedwat er/e-c
oat wastepii to 2.8r&H%n? anfarfianfaps’t 8 Spectrum of the reaction

8. 5n/ an/ gn/ an/ an/ ap/ ak| oct ackyt ack yit ackyhard floc/cl earspon

[l 0cs! zel AR AngoT rl dPEsSE Bag OB S 1 A gy | HeCLARNSBRAN tne
9Det acki beahlanRad RadBadeadfpeded! I R QMR AR N 249

H1H#H2H#H3#A IR ferhedRief erredhy r£e redRreferr
edEnbodi ﬁe%ﬁ?%%%lﬁﬂn%%}%n%ﬁ%nioﬁﬁnﬁ ntJEnb(gfjli rrentﬁé%rﬁbtc?d %ﬁ%ﬁ%ﬂg ¥1+210

+3+S+1 4210834210+ 38544 +3R0+ JEB hb+ A0+ 3abrnde¥ Qs and parts per
Dilution7.Sgns/ 2. Sgns7. Sgns/ 2. Sgns7 "Sgns/ 2. Sgns7. Sgns/ 2 Sgns 7~ Sgns/ ~ Sgns 7
598/ 2  volume of these three compounds in the preferred embodiment. 1In
SgnsDei oni zedwat er / pr oduct Appear anceanber anber anber anber anber anber Use
Concent aFxgud.9a st 126 cgpn Gowh SO gpgedd 20 svetffopprdh @O /SOQuprdl et
20mLs/ 600ppmL 90nis/ 700ppm( M s/ ppm) nE- coat

Conposi t o0 95 1S &l 906m1L 8/ BAEs196M 8L SeRs498A18/ Bpins 485t V8nite9dB@l s/ Sm
| sDei oni zed water/e-coat wastepli to 2.9n/an/an/an/an/an/apit to B

5n/ an/ anB&REFTEN/ aFfbesk tedass t be$yspte that a reaction has taken
tackyfluf fyfluffyfluffysxze/ appearanceTur bi dxty80.662. 163. 941. 639

039. 9Det RERFEI cs%'%ntaﬁr E46d E388eBEHEHYGIBIRES 1T ~ SP5R00 % BeREEE8100%
-a . _. mN Oi)N, 1 th E P)éé{)OZ ""PBLE 32 Ta]]l?lg‘.S pr.ovides a .
conpar at PP SXHRPTETFRIFECh SRS 6FSt R8Shr BY e e d BHiddiheie BE56- 68
conpar ed t f Qr manc he, I ndiyvj C n ereof. Nos. 1

t hr ough gﬁqgrseqeea%glls nr'at‘illr\ll(g E(;}F.a% hgh%sg%if‘g?ﬁiéei %gf)gﬁgu%ﬁn%g grr?(ethCtalslgne

noted after,hhe Pradi fge " DeSeiduM PR orondarard ABlde My,  The alumi
3030- 93#1A0H3H0H#EDRsCr T pt] ONPref ert edd0% Fed . sol . 50% t1AP ol .Sk o

Al, OHSC1305 seaCl inSQ . 89hgEA- .(3eS0b £ EnpRei BNt St viRFRGit, hence the

Di | ution7.5gns/ 2. 5gns~. 5gns/ 2. Sgns' 7. 5gns/ 2. 5gns7. 5gns/ 2. Syns7 5gns/ 2

Sg: ns~. SgakAonade-<lori ehiez gupioeztpeaduet Appeart ancea® dcompound.

ant heryel | owat er wat er wat er wat er

whi t e/ cl ear whi t e/ cITéar hna ¢ cblaar iwttrel z| elr thés preferred embodiment,
Concent at i on0. 60mls/ 300ppnD. 60mls/ 300ppnD. 60mls/ 300ppnD. 60nmls/ 300ppnD. 60ns
/ 300ppnD WA eths A30 Gpsnembs aepmpE- Edgure 3 is:

Conposi tion495nmls/ Sm s495nils/ 5m s995mls/ Sm s495nmls/ Sm . s995nmlsJ5m s495nls/ 5
m sDei oni zed water/e-cojt wastepH to 2.941 drops38 drops44 drops46 dropsSO

dLCEspO dropspt! to 8.564 drops69_drops66 drops68 drops69 dropsyQ dropsEl oc
si ze/ appear and&log-(higf sisaght ©ft rldlh éﬂ’gé& &ﬁg@@é@fﬁﬁa &&Cﬁl) ﬁa:igyavgr y
fine/turbsd3ell5/tucb~dhazehazy7urbidity

~~6196138181275296Uet , acl . i f ~cathegieGCaodB&dV& y Bad 0%-ai rt oneNone50

rpm 100% |1 0$ ' 209200 | OL. ' 0%400 rpm 100%0%5 VOa0% MmN OON 1 1 SEP
2002 TABLE 6 Table 6 denonstrates the effect of varying the volune

conposition of conponents of the gre,f erred enbodi nent angI t he ef,f?ct ,3f t he
conpl et e omi ssion FFYheY Z8PBRAS orfontht SRThRT PR ¢ bsChofed A SY AFLS: abl e

utilize the caoncentrations of each.conmpgnent set faqrth_.above. -27 _.TABLE 6
1 143 RS AL (AT OHTR AR NP G AP AP CHFRICY WRP. SESTLARRB Rre, +
MAP +Fe, + hl AP +Al, QHSCLA z , 4 C1AL, O | SC1 +Cad , Al, OHSC1

+Cad s+c/§£’§g’l3§tl?‘|do l(smgg’ﬂ%@sfg:g%@érg%1o+3+1o1o+3+5+110+3+5+1+2Pr oduct

Dilution7.Sgns/ 2. Sgns7. 5gns/ 2. 5gns7. Sgns/ 2. Sgns7 Sgns/ 2. 5gns7. Sgns/ 2 Sgns7
Sgns/ 2 SgnsDei oni zedwat er / product Appear anceyel | owanber anbervery dar k
anber anber anber Use Concent ati on0. 6om s/ 300ppnD. 60nL5/ 300ppnD. 60nmLs/ 300ppnD
60mLs/ 300ppnD. 60nils/ 300ppnD. 60mls/ 300ppmem s/ ppm E- coat

Conposi ti on495nls/ Sm s495nils/ Sm s495nils/ Sm s995nils/ 5m s495nils/ 5m s495nils/ Sm
| sDei oni zed water/e-coat wastepH to 2 934 drops3B drops36 drops90 drops37
drops37 dropspH to 8.560 drops6l drops63 drops64 drops6l drops62

dropsFl oclg. fluffy/hazylg.sl.fluffy/lg.fluffy/hazylg

fl uffy/ hazyl arge/ hazyl ar ge/ haysi ze/ appear ancevery

hazyTur bi di t y1499510313999. 3HODet acki fi cati onVery badCGoodFai r BadGoodGood50
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various al um num hydroxy chl orides as substitutes fcr AL120NSCl in the
preferred enbodi nent. These al um num hydroxy chlorides are: Al um num

hydr oxy chl ori deFORMULA% HASI Cl TY% SOLI DS% Al ,C_ A Preferred 11 SEP 2002
embodi emmt Al: ( QH) SC1835023. ”5HA1 d?( ~Cl: l 8 503010CAl z (OH) ; BCl~
: 30 | 338BAIE CORFLEETSSH 36 | 15@@98(6"4}“20{ 8 3328FFEERbus Chl ori de
(Fer) ehpsarae Tl 5o P00 L TR comperature rise

Descripti ef%gredCDEHGBIFEnbodlnentProduct Di Iut|0n~.Sgns/ 2.59nb7. 59nb/
2.59n67. §3%~?§/er 9nb7.59nb/ 2.59nb7. Sgns/ 2. 59nb7. 5gns/ 2. Sgns~. Sgns/

2. 59nb7. 5 nb/ 2 Sgns7.Sgns/ 2.59nbDei oni zedwat er/ pr odug ear celt
Erlo

amber It anBderi't . anberyelIomyellomyellomyelIomyello

Concent ati 00. 6QmL5/ . s/ 300ppnD. 60nL5/ 300ppnD.

300ppnD. 60ML5/ 30 : nggpp@ m§96ﬁ5éa§908P”P)60”ﬂ5 _60nﬂ5/
300ppm fnm s/ pam By mositien4gaels/ Sl s495mi5/ S ﬂﬂ5/

Sm s495nmL5/ Smi 549§iﬁl§ §f@a% 95piGbt Al SA95MLS! s Smea%éaﬂaééuéaﬁfzﬁ%eﬂé/
Sm sDei oni zedmat er / e- coatmastep1~ to 2.996 drops37 drops4l drops38 drops39

drops39 ¢repe38<H PSR iHLRS 32 HepPspENt 84BoS1EH whORs 105 diopst3l on
drops120 dropsl106 drops92 dropsl00 dropsl06 dropsl06 dropsFIoc

and H,PO, ligands can vary in number, as well as in their
position on the metal ion in the coordination complex. The
nature of the bond between each ligand and the centrazl metal

atom 1s coordinate covalent.

The preferred embodiment of the present invention

composition, by volume, is:

10 FeCl, (aqueous solution about 40% active raw
material in water)

3 Monoaluminum phosphate (Al (H,PO,), e XH,O) (about 50
wt% in water)

5 Al,(0H),Cl (about 50 wt% in water)

1 CaCl, (30% solution)

2 C(Ca-250 (Epi-DMA polyamine) (50 wt% in water)

Multiple experiments involving the modification of the

volume of the above ingredients in the preferred embodiment have
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si ze/ appear antelg. fluffy/ clearlg fluffy/ sl hazelg. fluffy/ sl hazelg.

fluffy/ sl hazelg. fluffy/ sl hazelg. fluffy/ sl hazelg. fluffy/ sl I
fluffy/ sl hazelg. fluffy/ sl 1anZE$Z(ﬂ02

hazeTur bi di t y18. 535. 729. 034. 952. 935. 333. 936. 6S3. 9Det acki f i cagoodgoodgoodgoo
df ai r - goo@F&Tr PEEOAFAFR - gobHgotiif i 7L gEddi o 50 t%%ﬂh 214658t £ 1809959
100% 100% 90% 1009% 85% 90% 100% 80- 85% 100% 80- 85% 100% 80- 85% 100% 85%
_100%80-8@@65’?6%@60~ SRS PRPE €5 N OE 1P1S S E B 260 TABLE™® TaBFg“grat:os
per { or mcd2ingh SBECFINTEHE B Naf Folce ConsomoRLe oire  Fanb PR PRO‘LEe
voLuTe, aTASEPISRILIA A SRR Soloupn, S0t Us;SLECheBeLE .
(e SR AR R e ekt e camany {1 W
conponent ek e§athg. voBdme of the FeCl, component may be varied from 3 to
30 parts, the monoaluminum phosphate may be varied from 5 to 10
parts, and the Al,(CH).Cl may be increased to as hign as 20
parts. However, the upper limit of the Al,{(CH).,Cl volume appears
to be 20 because precipitation begins to occur at this level.
Although the quality of the resultant compounds varied
proportionally with the deviation from the preferred embodiment,
the resultant compounds provided stable reaction products.
Further tests have performed varying the combinations of
different trivalent metal salts, acid phosphorous compounds and
aluminum hydroxy chlorides, as well as the volumes of each such
component . The Example below demonstrates the results of
selected tests on volume and component variations.

The volumetric ratios set forth above for components
of the preferred embodiment are also applicable to the various
claimed combinations of the other trivalent metal salts, acid
phosphorous compounds and aluminum hydroxy chlorides. it is
known by one skilled in the art that these various compounds can
be obtained in varying concentrations. In order to obtain the
most preferred ratio of components of various substitute
components of varying concentration, one must obtain the same

ratio of molar amounts of ferric, phosphate or phosphite and

aluminum as that of the preferred embodiment above. For
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f WN I TABLE DescriptionpreferredFeHr ~NH, T1PO, KH1PO) Na,

11P0, 14gCl=Bad , Enbodi nent Pr oduct

Dilution7.Sgns/7.Sgns/ 7.59nb/ 7. 5gns/ 7. Sgns/ 7 Sgns/ 7 Sgns/ Dei oni zed mét’e&/%zﬂm
Sgns2. 59nb2. 59nb2. 59nb2 Sgns2 Sgns2 Sgnsproductned Itvery Itreddi shdkdkned

ltmed It . ' dissh Cee
Concent afT ou0. 6OmELT D A0RES) 6 B0uy 50 CONEB 0 BOMMZ0 -~ oLe 2n above &5
60mL5/ 0. fERLS/ 4 m\a/gnm 3Q0ppaRfppaT 3Q0PRRLIE0PAMBIARPIELORNIRAGRRANTE FOAt

Conposi ti on495mL5/ 495mL5/ 995n1’5/ 995n15/ 495ml5/ 495mL5/ 495mL5/ Dei oni zed

wat er / 5"%55%%5%55”1”[@@’9 SO SHRBrC oA WaHABLHd dh 238 HORS3 L 6Y @Rs4240
dr ops4940 drops98 drops. pdropsdrops8 5 H t94 drops28 drops99103 drops1l0592
drops107udeapss enadeepsdeepsblaelgatgol gsl got gnadaed

fluffy/sizel appearancefluffy/fluffy/fluffy/fluffy/fluffy/fluffy/hazyclearsl
cl oudysl It appears that the calcium chloride and CA-250
hazehazyhazycl ear Tur bi di t y307023. 829. 334. 628. 840. 1Det acki fi cati ongoodgoodgo
odf ai r f acbgpodeaitis- geod Spreeedtl0 only as a physical blend with the

rpm 80%85%Y00%5C% 5990%80%100% 99%. 00940094009400%400% N O ON 1 1 SEP
Z002 cr~¢cpNMpotndAvwdgmiosi $i bhecowprilsi g tthee reaett oon pr odlet Hfesrdedngy t he
reaction of 3 to 30 parts by volunme of an aqueous sol ution contai ni ng about
4D wt % RéendecFeths, reastiont prpgres apdvbhaneaet. anddifecl s@EPit-PYA
containir~g about 5 Dw % (AL (Hz P04 ) 3, XHz 0 ) , and 5to Z 0 parts
by vol un@ogl"a‘ahn%hu’e%@ SHIGRR %’nt"é’ilrﬁfhgf%dtor’ﬁ) Rl a’A)%aEl{l@H)tSaeFi,

wherein th reaciion roduct hast_heDfoIIowi truct S lral (11l) Salt
O (AL" BORFOSCRITI B b T8 THEF GPNS HPRth WA dfbREHn Wates  b)
c and d are gefi ned based on toh rel tige mount.s. of reactants. 2. .Th
conposi t EERZHTEET TR TR ng CLRAl GRERLATS: WA BEak St Ta© D56 ™58

pea

relative _ta,a 1 xide pm 3. The conposition of claim1 furthex
conpri si Hégpthgdg??}:gﬁOgop?hggfgacti on product of CaC 2 and Epi-bMA

pol yam ne. 4. The [ fieCleai f hefac rJ=SdsHet he, _ageiathicon t o
t he reaction pr Odug?rr% %ICESDI%V%A%CYJI.G 5@ ?%)orr(};%%i g%n%ggﬁd&q%é 't? %A%bl
wherei n 'in'&? neachtoni peadugiad:s £8£t & eaclHigRuakthacRar tsn by heolgm® iekian
aqueous solution containing about 40 wt % active FeC 3, 3 parts by vol une
of an agbheews SAlti itie conbfédt Nge &bOLbN SPrafiuce. (ATheFip2 DROgGRC3mast He O) (
and 5 parts by volune of an aqueous solution containing about 50 wt a Al2
(OH)5 d utdligepr obess ther twiesliany anegeilutdagit el Siimg tdentractiiergedn
aqueous solution with art effect~, ve anount -33 1 1 SEP 2002 of the
conposi t e men&ilmils dilwhedphycdss oP éPAI Mishwiatsh PRECAgheotse
solution is selected fromthe group consistin

of ner wast ewat er ,
muni ci paPafEdi&iat 8F, thst BRafePRBRIGTRYTY ‘f‘%?‘é{qufﬁgr maRE nG WEE M at er
wat er Cont ai ning _organic c ounds, . wat ex. cont ai Qi hem.cal, coqpounds,
wat er cogltygirﬁ?%gc%jr’ k! 'ca%é’rﬁ?%ﬁn&?,u 6&????'@@%&%%{?%&&%? irﬁlégy
cont ai ni Bg 3Lkl OPSs oL R SYIARE-NALE - 0L | LIRYSL Xt UhbSas SALOT Sdne
sol utions, coal” "waste, nineral processSing water, oily waste, raw muni ci pal
Ot ki NG RLEE) UALE off A AL NnSUUS RENASE) Al B8, MALRS AONLAICN 14.cRal Nt
solids, e ectrorytlc pri‘mer coating wastewater and i1ndustrial wastewater.
8. The prRGess {or dHie paQduethonof papmBRRET ON Pr o HIMId Shdgyr gacting
3 to 30 par is by volune of an aqueous sol ution containing about 40 wt ~
active Fedb3ti@ueldo Adr paxks MynyOl wieneh BRodphateoust sehst ipeferred
cohtair~irrg about 5Dwm % (Al (Hz PGCs) j.XHz 0) , and 5 to 20 parts by
vol une oferddaguenys ddlution ©dn,é¢nixer i RgCabootr Shev el Ate (@S iGN,
wherein the reaction product has the followng structure: lron (1Zl) salt
of [A n E@dduat( HeHeAA)D ®A (Bya P dio3né&ok- c wilisr eiwataeeh+cxBitenvisg, b,
c and d are defined based on the relative anounts of reactants, 9. The
process Gfresipifmeg ipgr widd ©e®prri sing adding to the reaction product,
CaCl Z and Epi-DVA pol yam ne. | 0. The process of Caim8 further conprising
addi ng to the reactlieshsphadacedse-Ppasr Aarmerh dipiiceidg dihe [Vaitrhagce
conprising reaetir~g 10 parts by volune of an aqueous solution contain ins
about 40 HATMFER B, C3Chard—d by G oPUIRERbf O&n t&Guédig 5ol (FBIGHMA
Cont ai ni ng about 50 wt % (Al(Ha PGs)3.XFiz 0), and 5 parts by volunme of an
aqueous sol ution containing about -34 1 1 SEP 2002 50 vt % Al12 (OHyS O,
and: the reaction product ig diluted byY%0 to 40%prior to the addition of
p~DVDA. AC. -35
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cal ca] cal gg%@gltcoagé:al 2algal el o cslgggga&a cBlal At il

..... b5i 5x
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ZZ- [][[[[E\\\][]]]]hs“ hofed” abaued. Paldmhlhb} xpai Frdreealc alisad salia] ca)

cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca! bb} cecekaseXdfdedddkgddd the trivalent metal salt, monozluminum
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] ca] ca] ca ca]g ]rca] C a] c gla % QT] q%alﬂcm%l&% C’fé Ofigﬁal

ool cal cBUF Eal T URES 32&8%%?@@%;?%%?& cobhcalendsal cakslcy AR
iU]]cal c?gc%}ica])g L]]lé:a]‘]ocrae sa \;_J]lc[a]zcgU] cﬂggﬂ Cﬁ;fﬁl cac] cal ca]

cal c™a] ca

c"a]ca a2 6 fa LY ca Ul ca] cajc
aJ]U] ca} caldip @% %@a] cﬁ%]?:é] ]‘%gﬁ ca I]Héj] d?cgis r] %f f%a] ca] C%]Lélca] ca
J'C39109§ B& ikl anlons he salt are chloride and hali

10%& () - $10%0& () 9's10 Ao& () Slo%o& () -P10%J& () - 13<%iBI L$ 10%0b& ()
"F10%& (s "sl0PB&s ( prek@U&d( )@ & )cH 08988 () - Muka @ ( HAUE& 1 belOb
10b 10bS; 10%8& ()-8"10%& ()-!, 5"10%b& ()-93z10%& () - I }ASH= 10G
10G 10G n:0¢BaYER- 85" 28%ER16h- Yor &t HA 0843068 () - S! & " 10%6G& () - SH10%G&' () - M
0c a?SH: I"109%00& ()-!"10%&' ()-Y

10968 () -"109%& () - m@iﬁ&p@)afer@&’m aq;@zmk(drp@mo(npogms 108808he - S! k
("10%r & ()-S!'!90%008 ()- 3, 10%0& ()-!" 10%00& () - xmbC ( F( S10%& (g 100 100
100 | 10%0RTEFEEB 10vERE {9n ﬂm/@&l(eytqtioﬁm (Ohe, gaBEBCFenaboRing -of acid

9109%& I P910%:=& 9F 109%& 109& L109%& uuj =!19%40%& 5 10
- ospﬁites()(lnclud1ég pnospﬁé&ous é&d), J seid phoségates

(including phosphoric acid), and phosphonic acid. Acid

phosphorous compounds having the following formula may be

utilized:
M H, POq
Where: M = cation such as a metal or ammonium
n =0 to 2
X =1to 3
g =3 o0r 4
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| SH10Y& ()-$! s#100& () - $s#10%& () - g)l *MENFOFP* _** % +b@ ! ! s™ 109XX&' () -"10% &
()-"109% & ()11 DHDYERE{ Il urdthuk) pHISTNEQUR (BN (HE#O,) » # XL ) {Dhosphorlc
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E&f()-‘9-Y10@&&f()-y)lO@&&T()-9'10@&&T()-
10%2 & () -NaH,PO,) , . uj s@dim0%Obhpspldze 10z dibasic (Na,HPO,) , HEDP
10zS: nﬂO%&&'()-'S" O%EZ&'() L$. 10%& ()-L$. 10%& () - 3b5f595h5|5x5[6 @@'Ly
"109&' () - ( (QHO%RH))(POIBO )1L00VIOQ L: ZI@Q@@}‘(O)TH'C' 16930, (()I%Q“EEQ’@.')(PH% 668:
oas s pASHEND 10 10 10@?10W&TE)-!‘ "10%&T()-| "10%&' ()-L"109%&' () -

, 109&' ()-dimethyl phosphite ((CH;0,)P,(O)H), (NH,),HPO,, NH}%P04, potassium

;<={>?@"<SH=!!,"10% u-u& ()-t,"10% u& ()-t!9" 10‘V%u u& ()-19"10% u-u& ()-"1
0% u& () -PISEFRATE MPrERAIAOABRRRRAAAGNC- KeilA00g & %)m%r% m&f@ql)e 8R4 10-u

10- uf Y: 10% ug& () - ! 310%& 10% u- y& odY: !’ 10%g¢& (). 10z 10z
10z; 10%&*{‘359‘%%}%2&01“%%*%16%2& P%eslc‘%]%g/ﬁ (?oédéﬂi?fﬁ due

NYANEN N( Nz%PE 1. 10 10% 109, ;
10%8&’ ( 5" 10%gg& ()-3! S'10%g& () - 3S" 10%g& ( ) 3( N7NNOY RS}[

‘" R 09 T 2) ' 0 S o
o b%\&-.? P Tl )l ol B S SR gaa )]
B ove S B Ot Do 2 S MR R - o tﬂQ/«pr(Qant

1 é%f"z( )Zzﬂzr%/éﬁﬁ,;(m)@n'-%r@?{ﬁoéé JE 0Pk @ene%ﬁ"/@o@nu%lﬂﬂ/@dﬁr CHO where y=

[ 1010%. (9 L @IWEL) =" 108’ ) o LU {d IO s VR Z L L B
109%& () - !¢ "t@%%d()z 1710885 () Thd O ) pr 428 dd -8 \drddd HHEVd- v~ 1.8
to 5 and z= 1 to 4.2.

In preparing the claimed reaction product, AlCl,; can
be utilized as the trivalent metal salt and combined with
Al,(OH)sCl and a stabilizer (acid phosphorous compound) . An
exotherm will occur and a reaction product will be formed. AlCl,
can also be utilized as a substitute for the aluminum hydroxy
chloride component and combined with FeCl, and a stabilizer.
However, in this circumstance, a reaction product is not formed
and a blend is achieved. Nevertheless, this blend exhibits good
coagulation properties.

Experiments have also been performed where the CacCl,
compound has been substituted with MgCl, and BaCl, without

resulting serious detriment to the performance of the resultant

mixture with the reaction product. The CA-250 (Epi-DMA
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10%&' () - &YAS109&' ()-f2"10%&' () - &0S109%&' ()-, " 109%& ()-*"10%&' ()-1111117", ~97~\

=L - 10%@& ()-!~"109%& ()-"10%a& ()-!L-10%@& ()- 10 10 10@@ 11 SEP 2002
10%&' ()-9" AMAA G aB~\=L

-nrlo%@&zﬁarlgmﬁﬁe() hé§0%ﬁﬁ&c()xEYlOgﬁﬁsé)t&E&%@Bwﬁth WY OB nusp P
}A2~\ =L -$10 A@& ()-"yl0%@& ()-! Z"10%&

Z" 10%@& (Do @U@k (.) - 'an- 2o Y@y }efekaébbbébbﬁég\ei 1t 91088 € 1 ve 104) 10Q@
10@ : 10% '()-!&nflO@@EEf()-!& ' 109’ () - &' 10%F-&' () - bbKAPdQdRASdAXd[ d{ Y: L
S10%Z&" ()mé q 10K [ 1& dY1raxrl Owd Oght . CA-250 is a commercial polyamine
10:10%&' ()-!' @109 ()--'@ 109 1 & ()--[dcdddl dud~ddi J{Y:Ls10 . 10%Z& ()-0
10%Z& ()prodfdd&Ed)d byl B dr) -Cortdfmad igr.y 1092Z& () - ddddddd~_@ Y: L
C10%Z& ()- . 109%Z& ()- . 109%Z& ()- .109%Z& ()- .10%Z& ()-)?"2".ddddde e~ _ @Y:L
C109%Z& () - . 10%Z& (This 108K (9nt) NeW . cor@I@&! (Nas MW &gnenstrated to
eee%-eS5e=eeF{Y:L .10%& ()- .10%Z& ()- .10%Z& ()- .10%Z& ()- .10%Z& ()-
. 10%Z&' ()eeeErFereedkent~ a@@YUquma%Z&aGPlanEO@E&'@?ﬁt.ﬂﬁﬂﬁ%ﬁ(Qreatment
109%Z& () -) 72" 2", 10%2&'3)-reeeeeee~ @Y. L .10%& ()- .10%Z& () -
appllcatlons including E-coat waste treatment, water-borne paint
waste coagulation, oily waste and solvent-borne paint
detackification. It is also exhibits utility in general
wastewater treatment, municipal wastewater treatment, metals
removal from water, paper making waste water, water containing
chemical compounds, water containing organic compounds, water
containing biological compounds, poultry processing waste, ink
containing solutions, raw water clarification (such as municipal
drinking water and industrial purification), oil/water
separation, water containing suspended solids, color removal
(colored solutions), waste c¢lay slurry, coal waste, mineral
processing water, oily waste, water containing suspended solids,
water containing paint solids and others. The resultant new
compound has also been demonstrated to remove metals from water,
including heavy metals such as lead and nickel. E-coat waste is
the wastewater generated from electrolytic primer coating.

The method of using the new compound for coagulation
in these various systems consists of adding the new compound to
the system in an effective amount.

This new compound also may be utilized for enhanced

coagulation. Enhanced coagulation is the reduction of total

organic contaminants (TOC). The reduction of organic
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C109%Z& () - . 10%Z& ()- fifrf{ffff @% 10%Z& ()-)?"2". .10%Z& () -

L 10928 (Formedome® ()of | 100@Rr 1FREERf f hy@rpgarponst  forpege (Gurirgnogdy ) -
.10%2&'() 10%Z& ()- .10%&Z& ()-fffffffi?2{Y:L))?"2". .10%Z& ()- .10%Z& ()-
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L 10%Z& ()- . 109Z& ()- .109&Z& (): .109&Z& ()-..10%& ().-+ +:
10%2& () 10%& e r%gﬁ?&b£%fer%gfaﬁéégod ggz%r du % qu%%ﬂ-eF
reaction product entails the following steps:

1. At ambient temperature, add 3 parts by volume
monocaluminum phosphate solution (about 50 wt% in water) to 10
parts by volume FeCl, aqueous solution (about 40% active raw
material in water). During the addition of the monocaluminum
phosphate sclution to the FeCl, solution, some reaction will take
place. There may be some partial precipitations and color
changes - and striations in the solutions. However, when the
reaction is complete, everything is in solution and it appears
stable.

2. Next, the 5 parts by volume aluminum chlorohydrate
solution (about 50 wt% in water) is added to the mixture of FeCl,
and monoaluminum phosphate (and further reaction takes place).
The resultant solution goes through a violent exotherm. The
solution becomes hot, and the solution becomes homogeneous.
When the solution cools down, it remains compatible and
homogeneous.

3. Preferably, 1 part by volume CaCl, (30% solution) and
2 parts per volume of a polymer, such as CA-250 (Epi-DMA
polyamine 50 wt%) are then added. The CaCl, is added for
hardness and the polymer to enhance coagulation and to begin

flocculation (to help form the pin floc). There appears to be

no further reaction when the CaCl, and the polymer are added.
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EXAMPLE

The following example is included to further describe
and demonstrate the invention in greater detail. This example
is not intended to limit the scope of the invention in any way.
This example, and the tables included therein, demonstrate the
performance of the claimed invention, including the preferred
embodiment and other claimed reaction products formed from
various Group 8 trivalent metal salts, acid phosphorous
compounds and aluminum hydroxy chloride components, on the
treatment of E-coat waste. Also included are entries
illustrating the effectiveness of treating E-coat waste with
only a trivalent metal salt and only an aluminum hydroxy
compound.

The following test procedure was used to compile the

results contained in the following tables.

Dilution of Product:

1. 2.5 gms of the selected coagulant and/or reaction
product was weighed and placed into a B-cup.

2. 7.5 gms of deionized water was placed into the
same B-cup and mixed until uniform.

Test Procedure:
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7510908 ( % 9 T51008804) e _IP109BE (Vae RHQIPL () - 7510%9&' () - kkkkkkk] J*85
751090& ()- 751090& ()- 751000& ()- 751090& ()- 751090& () - 5\W %g- 35kkKkKI

|1 MB85 751090& ()-2751098& §las£510W0&a6) pRWAE¥Y- 3 HDIRAL {dirrer and
751000& ()-111111 1Z:85 751090& () -5W%- 35 751090& () - 7510998&' () -
751099& (Wixed at 100 rpm.

3. 5 mls of neat E-coat waste was added to the
water.

4. 0.6 mls of the selected coagulant and/or reaction
product solution (300 ppm) was added to the glass jar.

5. The solution was mixed at 100 rpm for 15 seconds.

6. The pH was lowered to 2.9 using stock H,S0, (10 gm
H,80, + 190 gm DiH,0) .

7. The number of drops of stock H,S0, used to lower
the pH was recoxrded.

8. The solution was mixed at 100 rpm for 15 seconds.

9. The pH was increased to 8.5 using a soda ash
solution (20 gm soda ash + 80 gm DiH,0).

10. The number of drops of soda ash solution used to
increase the pH was recorded.

11. The solution was mixed at 100 rpm for 15 seconds.

12. 2 mls of flocculent - Pol EZ 8736 or Pol EZ 7736
[0.5% product] which are commercially available high molecular
weight polymers sold by Calgon Corporation - was placed in a
syringe and added by the following method:

a) the tip of the syringe was placed below the
surface of the solution at approximately the top of the vortex;
b) the flocculent was added and timed for

exactly 10 seconds;
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7510%9&'() e”]”D”t”y”*”né 85 the agitation was then turned off.

13. The floc was then allowed to settle for 10
minutes.

14. The floc size and the appearance of the solution
was then recorded (visual inspection only).

15. 20 mls of the solution was removed with a syringe
for a turbidity reading.

16. The turbidity reading in NTU (nephelometric
turbidity units) was recorded.

17. The agitation was then turned on and the motion
speed was slowly increased to = 50 rpm.

18. The solution was mixed for 30 seconds and the
percentage of detackification was recorded.

19. The motor speed was then increased to 100 rpm and
the solution was mixed for 30 seconds.

20. The percentage of detackification was then
recorded (if detackification of 100% was recorded at 50 rpm, no
reading was necessary at 100 rpm and therefore was not taken).

Unless otherwise noted, this procedure was utilized to
obtain the results set forth in the tables below. Flocculation
refers to the settling of suspended solid particles in the
solution. Turbidity as used herein is defined as the cloudiness

of the solution casued by suspended particles.
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T TR L S S s s
o-ohomotolodault A1l MGl PR, TR TIRAE U

-1109%€ & () Alpcﬁgéﬁl& ﬁ)C§¥%§ and 2 Ca-250, in the concentrations set forth

above, as 3930-93. In 3982-84A, the (Al(H,PO,), e XH,0) was
substituted with HEDP in the same molar ratio. 1In 3982-86A and
3982-87, the (Al(H,PO,), * XH,0) has been likewise substituted

with vinyl phosphonic acid and dimethyl phosphite, respectavely.
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1109 & ()- -/ 109K & ()-5WE/ -/ 109%K; & ()- -/ 10%K & () - Z: 75 -1 10%;

& () -5/ -/ 10K & ()- -/ 10%K & ()- -/ 10% & () - -llg%@(PgP??PBppppp 275

-1 1096 & ()- -/ 10%C & ()- -/ 109%C & ()- -1 10%C & ()- -/ 109%; & () - -/1@%3@2002

& () - ppppaqanN. 75 -/ 109 & () - -/ 109 & ()- -/ 10%C & ()- -/ 10% & () - ’

-1 10%; & ()-5W6/ q&q6q7qDgl qOgmk 75 -/ 10%K & ()- -/ 10%K & () - -/ 10%X;

& ()-5VW6/; -/ 10%K & ()- -/ 109% & () - CERRUEXEYqzqdqVe75 -/ 10%K & () - 5\ /

-1 109K & ()- -/109%C & ()- -/ 1008 & ()- -/ 10%; & () - dgeqf ggahdi g gt X75

-/ 1096 & () -5 -/ 1096 Ti(S) £able0dakawE §¢ 1} 1eRpEagep) Loy 588@@%%&@}%%@

G QL e LA Ll S T O

- : : C 0 . X = 0 ' P c

-1 10%K & ()-5V8E/ X -/ 109 & () - aaan S O%Lt(kjﬁ
amount of the a&id phosphorous compound utilized. The

composition of the preferred embodiment remained constant for
each trial, except: in 3982-75A, a lower volume of (Al (H,PO,),
XH,0) (“MAP”) was utilized; in 3982-739B, a lower volume of H,PO,
was substituted for the MAP; in 3982-79C, H,;PO, was substituted
for the MAP in the same volume; and in 3982-80G, NaH,PO, was

substituted for the MAP in the same volume.
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-1109%K; & ()- -/10%K & ()-5Wa6/; -/110%K & ()- -/109%K & ()-Yr_rerurrrrl-75
-1109%K & ()-5W8/ -/1109%K; & ()- -/2109%K & ()- -/10%K & ()- -/10%K; 1 SEP 2002
& ()-rrrrrrrtX75 -/10%K; & ()-5W-/10%K; & ()- -/109%K & ()-%-/109%K; & ()*+
-110%K & ()- -/10%K & ()- -/10%K & ()-rrrrrrrjJd*75 -/10%K & ()- -/10%K;

& ()- -110% & ()- -/10% & ()- -/10% & ()-5Wa/rrrrrrrm 75 -/ 109%K & () -
-1 109K & ()- -/109%K & ()-5WE/ X -/ 109 BARBDE 3/ 109K & ()-rrrrrrrl-75
-1109%K; & () -5WE/ -110%K & ()- -/10%G & ()- -/109%K & ()- -/10%K;

& ()-rrrrsss_?75 -/ Towtes 109 & ALlustrgor; &he) effpgoomigafyeripgotfe use
& ()- -110% & ()- -/10%K; & ()-s ssssss#stgF5 -/ 10%X; .
99S1098: &CPPC :r)%fGrind?ff glgel@%e:f&-r(f_d _ep@@%k,ment. The numbers included
& ()-5WE/ #s*s+s.s1s4s75¢cCF5 -/ 109%¢ .

2109: & (PROFTooki% [§Ed5080g g5 1 b5 1608 BEFFE, SPodii%y (giumes 10 FeCl,, 3

210% & gl Boy AT OO 1, TR G g2
£ R L SR PR AR 20 & () 210

"()-.21098: & ()-.21098: & ()-.21098: & ()-.5WD$n, 2sttt!t/t=t mv F521098: & ()-.
21098: & ()-.21098: & ()-.5WD$n, 2: 21098: & ()-.21098: & ()-.=tKtYtgtutvttl-F521
098: & ()-.5WD$n, 221098: & ()-.21098: & ()-.21098: & ()-.21098: & ()-.tttttttt XF
521098: & () -.5WD$n21098: & ()-.21098: & ()-.9R109B: & ()-.21098: & ()-.21098: &
()-.21098: & ()-.tttttttrV: F52109%21098: & ()-.D21098: & ()-.-21098: & ()-.-210%
8:& ()-.-21098: & ()-.5WD$n, 2tttttttr R2ZF521098: & ()-.21098: & ()-.21098: & () -
. 5\\D$n, 221098: & ()-.21098: & ()-.ttttttt]l-F521098: & ()-.5W$n, 221098: & ()-. 2
1098: & ()-.21098: & ()-.21098: & ()-.tttuu ubu_7?F521098: 21098: & () -.21098: & (
)-.21098: & ()-.21098: & ()-.21098: & ()-.21098: & ()-.6u7uAuCuDuEUFurV: F5210%2
1098: & ()-.21098: & ()-.21098: & ()-.21098: & ()-.21098: & ()-.5W$n, 2FuGuHul u\
uhut ur R2ZF521098: & () -.21098: & () -.21098: & ()-.5WD$n, 2-21098: & ()-.21098: & (
) - . tuuuuuuul - F521098: & () -. 5WD$n, 221098: & ()-.21098: & ()-.21098: & ()-.210%8
: & ()-.uuuuuuut XF521098: & () -.5WD$Nn21098: & () -.21098: & ()-.%R1098: & ()-. 210
MB: & ()-.21098: & ()-.21098: & ()-.uuuuuuurV: F5210921098: & ()-.D21098: & () -. -
21098: & ()-.-21098: & ()-.-21098: & () -.5WD$n, 2uuuuuuur R2ZF521098: & () -. 21098:
& ()-.21098: & ()-.5WD$n, 221098: & ()-.210%8: & () - . uuuuuuvl - F521098: & () -.5WD
$n, 221098: & ()-.21098: & ()-.21098: & ()-.21098: & ()-.vvvvvvv_?F52109%8: 21098:
& ()-.21098: & ()-.21098: & ()-.21098: & ()-.21098: & ()-.21098: & ()-.vvv' vOvIv
@nN. F521098: & ()-.21098: & ()-.21098: & ()-.21098: & ()-.21098: & ()-.5WD%n, 2@
VG/NvOv_v' vavm®BF521098: & ()-.21098: & ()-..21098: & ()-.5WD$n, 2: 21098: & () -.
21098: & () -.avbvcvdvevfvpvZ: F521098: & () - . 5\WD$n, 221098: & () -.21098: & ()-.21
098: & ()-.21098: & ()-.pvuvzvvvvv_?F521098: & ()-.21098: & ()-.21098: & ()-.210
M8: & ()-.21098: & ()-.21098: & ()-.vvvvvvvnN F521098: & ()-.21098: & ()-.21098:
& ()-.21098: & ()-.21098: & ()-.5WD$n, 2vvvvvvvnivt F521098: & () -.21098: & ()-.21
098: & ()-.5WD$n, 2: 21098: & ()-.21098: & ()-.vvvvvvvl.F521098: & ()-.5W$n, 2210
M8: & ()-.21098: & ()-.210%B: & ()-.21098: & ()-.vvvwvwwhRwvUd s %40% & ()- sS
10%7& ()- s10%& ()- s'910%& ()-10:10:10: s="10% & () -Xx) X. x/ xOx1x9x; x<xvU9
A 5109 ME' () - s&10%v M& ()-m s109M M& () -107107107 s; 10%& () -

S@O0%& ()-<xDxGxIxMkPxSx_?vU9 A 510%vi M&' ()-A 5109 M&' ()-A 510%v M& ()-A
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51098 M& ()-A 51098 M& ()-5WeW & 5z{{{{ {){mv vUA 510%\ M& ()-A 510%MW
M& ()-A 5109 M&' ()-5WW & 5A 5109 M&' () -A 5109 M&' ()-){2{: {D{M N{c{I-VvUA
510904 M& () - 5\WW & 5A 5109 M&' ()- A 5109%v M&' ()- A 5109V M& ()- A 510944 SEP 2002
M& () -c{a{{{{{{_?VUA 510% MA 5109 M& ()-A 5109 M& ()-A 5109 M& ()-A
51098 M& ()-A 51098 M& ()-A 5109 M& () -{{{{{{{nR6VUA 5A 5109 M& ()- A
51094V} M&()-A510%«(N&'()-A510%¢(w&'()_%@£é.cémi M8 () -5WeW & 5{{{{{{{r R2vUA
51098 M& ()-A 51090 M& ()-A 5109 M& ()-5WW & 5- A 5109 M& () - A 510%M
V& () - {{{{{{{I-VUA 510%vuv&() 5WW & 5A 5109V M&' () - A510%\/ll\/&() A510%\/l
V& 51098 M& ( 2vUA 5109 MA 5109 M& () -A 51
510%«( Mg ()-A 510(%%1?@;9[&;@(;3 RACS1H94% R COTPATE E HYRA W&afﬁlijl)e 195 )t%ew éF§F5PﬁI\P§UAhe
51094 M () ~A 51094 ME: () - A S109M Mg () - A 510904 M ()-A

preferr odim

ed e ent 3920-93," compared to ‘the performance of the
individual components thereof. ©Nos. 1 through 5 are demonstrative of

the use of the individual component alone noted after the heading

“Description”.
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5109 M& () - 5\WeW & 55| 9] =| ?| C E| H _?VUA 510%A 510%v M&
51000 M&' ()- A 5109 M&' ()-A 51094 M&' ()- A 5109 M8 (
51008 M&' ()- A 5109 M&' ()- A 51094 M&' ()- A 5109 M8 (

-A 5109 M& () -A
UA

()
-HI|R \ R2
-A| 5|10!%¢\>/¢t\”| | I 1 SEP 2002

M& ()-5WEW & 5a| d| g| h|i|s|t]u|l nMBLOX; 110X; &= 109%K; & ()-A 5109
ME ()-5WEW & 5; A 51098 M& ()-A 5109 M& ()-u|v||||}}}oN & ; 109R8& () -

&L& 109288& ()- &L@&10%28& ()-

& 10928& () -

& 109288& ()- MLOX;

&10928& () -

PRPIRIIRHL & 4 -3 6& () -=410 0& ()-
8&10% & ()-10281028M.028} }}}}3}|-{[|
=410% & () - 15W &qg-|: 4=41 1)+ E410% &|() ()-3410% & ()-}}3}y~~_%AI
: =410% =410% & )& =pE0% &' ()i- = -=410% & ()-=410% & ()-~~
1 -3~ Ro{[
=410% & () - =410 6.& [ E- 410%| & )- 5W&q- : 43~D~O~P~Q~R~
S~n@{[ n % 8 f: ;:
=410% & () - =410 ' [ P- W &a- 4 $410% & () - S~T~U~V~b~c
~o~V: {[;
=410% & () - 5W & =410% & ﬁ)_ () -=410% & () - 0~t ~{ ~~~~~_?
{[; g1 3
=410% & () -=410% & - 4d0% & ()} 3 ()-=410% & () - ~~~~~~~ nN
Al =410% & ()-F & (Y - =410% & () -5W&g-: 4~~nmB{[;
=410% & ()-=410% E- VP &g 34 ¢ +410% & ()-$Z: {[;
=410% & () -5W&fs =410% & ()= |2 110% & () -$9& () *t X{[;
=410% & () =410% ——4 109§ )~F4 1=410% & ()-=410% & ()
-*+6=Cl Y] J*{[ 4100 ' &' ()] =410% & () -=410% & ()-5W&q-:
4Y_ef wrivt { [ 410%&'_() B 9410% & |()} 410% & ()-=410% & ()-|
-{[=410% & () - 5\ &8lge.: 4= 8-3410% & ()t -=410% & () -t X{[=410%
P& () -5Waq=410% & §) -|=410%6 & E-O%ﬂlowggl'@ 1()-=410% & ()-=410% &
"()-& J*{[=410% & |(3 -3 & 1) £=41H% )% =410% & () - 5W&g- : 482
>?PQRMB{ [ =410% & (Hd &1)2=419% &)= 35310% & ()-=410% & () - RS
TUVWIZ: { [ =410% g~(h~5WASe—1d=4i0% & ()—=410 0% & ()-=410% & () - def
ghi j t X{[ =410% &] ()=410 )-=K10% & ()- 941 10% & ()-=410% & ()-=4
10% & () -j ku~j IJt{[|=410 )-=nE0% & ()- 4 10% & ()-=410% & () -5W
A&Q-: AMVH{ [ =410% & ) -|=310%6 & [ §- 44210% & =410% & ()-=410% & () - |
-{[=410% & () - 5\ 8= : 4 6 & [ - 4410%) & ()-=410% & ()-.9D ?{[=4
10% =410% & () - £410%6 & FAIDVES (3 - =420 & ()-=410% & () - DELV'
abr V: { [ =410%=410% & ()|-* 3:§4J§)-:2110003&' ()-=410% & ()-5We&g-: 4
bcdeosvr R2{ [ =410%-&—} 08} 1=41096-&" | =410% & ()-=410% & ()
vz~ -{[=410% & - 4==4[10%|&' () {=4 D% & ()-=410% & ()- _?{
[ =410% =410% & () - =10% & () -3 10% & ()-=410% & ()-nN
{[=410% & () - = 110% & (|) - =410% & ' () - 5Wh&qg- : 4k { [ =410
% & ()-=410% & ' () - 5MR&-E 4: 41109 68 ()-QB{[=410% & () -
5W&q- : 4- =410% & [L's()-n=4lﬁ)% &ye J[vu4 | LY40% 28 & () -
| @10% 28 & () - ) FEN L 0% 29 & 210: 1=L"10% & ()-_?vU4
| LQL0% 28 & () - 0/32 & () -4ILP% I & ()= |QL QL0% 28 & ()- IL
'110% 28 & () - A OtO9-28 & () =Ot096128& b10%28 & ()-QLO% 28
& ()-QL0% 28 & _ivu4)? QL0%( 29 & ( B & ()-QL0% 28
& ()-QL0% 28 & { 2 () FEMi | opg: u4| ), 28 & ()-QL0% 28
& ()-QLO% 28 & ' () 819% 28| & () F8r 4: ? QL0% 28 & ()-QL0%
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in this table utilize the concentrations of each component set forth

above.
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L109%.(& ()-: G KY 1%.N .10%(& ()-: ?<N .10%(N .10% (& ()-:N 11 SEP 2002
.10%. (& ()-:N .10% (& ()-:N .10% (& ()-ZABLEG04 (& ()-: N .10% (& ()-:

)09 _?<N . 10% (N . 10% (& ()-:N .10% (& ()-:N .10% (& ()-:N .10% (& ()-:N
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KY | % . piP&tQVEXSNUMEGUT BYEYoxN CROOELERE. 3506 LREE} L ukRe .fl@m%l&ogclk Nn the

preferred embodiment. These aluminum hydroxy chlorides are:

Aluminum FORMULA % % SQLIDS % Al,C.

hydroxy BASICITY

chloride

A Al, (OH),C1 83 50 23.5

Preferred

embodiemnt

B Al,(OH),C1,(S0,), ¢ 50 30 10

o Al,(OH), ,Cl, . 30 33 8

D Al,{OH),C1,(S0.), : 70 50 15

E Al (OH),Cl, 50 33 10

F Ferrous Chioride -- 28 --
(FeCl,)

G Al, (OH),C1, 30 40 --

H Al, (OH),C1, 55 40 --

I Al, (OH),50,510, -35 -35 -
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. 10%. (& ()-:N .10% (& ()-:N .10% (& ()-: !"#tX<N.10%_(&N 109%.(& () -
.10%.(& ()-:N . 10%.(& ()-:N . 10% (& ()-:N . 10% (& ()-:N . 10%(& ()- n{
10% (& ()-:#$%-./| D(<N .10%(& ()-:N .10% (& ()-:N .10% (& ()- N1 SEP 2002
J109.(& ()-: G KY 19.N .10% (& ()-:/012345t X<N . 10%. (& ()-: N . 10%.( &N
. 109%.(& ()-: &N . 10%.(& ()-:N . 10% (& ()-:N . 10% (& ()-:N . 10%(& ()-

. 10%(& ()-:56<=>?@ D(<N .10% (& ()-: NLRBDBAE&' ()-:N . 10%(& ()-
.10%. (& ()-:N .10% (& ()-: G _ KY | % . @\BCDEFt, < KY 19 . &N

10%.( & ()-: &N . 10978l §) -8 N 1 MA@ tes. - Nhelol%{ yyanee of the preferred
. 10%. (& () - FQZcl u~_?<F KY %N .10% (& ()-:N .10% (& ()-:N

_10%L(&jcynb$@1q@@&(gpwyargﬁ to the periormance when substitutions of various
components are made in the same volume and concentration. The second
column shows the effect of the substitution of FeBr, for FeCl.. 4023-
8A, 4023-8C and 4023-8E show the results of the substitution of the
noted phosphorous compound for MAP. 4023-13A and 4023-13A show the

results of the substitution of the noted component for CaCl,.
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.109%.(& ()-:N .10% (& ()-:N .10%(& ()-:N .10% (& ()-:_?<G G{N 11 SEP 2002
. 10%. (& ()-:N .10% (& ()-:N .10% (& ()-:N .10% (& ()-:N .10% (& ()-:N
C10% (& ()-:]\<?<F OGN .10% (& ()-:N .210% (& ()-:N .10% (& ()-:N
L10%. (& ()-: G  KY 1%. ?2<@ @GN .10% (& ()-:N .10% (& ()-:N .10% (& ()-:N
L 10%.(& ()-:N .10% (& ()-:N .10% (& ()-:"|\<?<F N .10% (& ()-:N

. 10%. (& ()-:N .10% (& ()-:N .10% (& ()-: § KY 19%."' 1;EJT ?<F N
.10%.(& ()-:N .10% (& ()-:N .10% (& ()-:N .10% (& ()-:N .10% (& ()-:N
.10%.(& ()-:Tuzbl M\ @<G GN .10% (& ()-:)N

CLAIMS

1. A composition comprising the reaction product
formed by the reaction of 3 to 30 parte by volume of an
agueous solution containing about 40 wt % active FeCl;,
0,5 to 10 parts by volume of an agqueous solution
containing about 50 wt % (Al(H, PO,)3.XH, O), and 5 to 20
parts by volume of an aqueous solution containing about
50 wt ¥ Al; (OH)s Cl, wherein the reaction product has the
following structure:

Iron (III) salt of (ARl, (CH), (H; PO4)p Cl. (Hp 0)g 1°%2%©
wherein a+b+c>3n; n, a, b, ¢ and d are defined basged on
the relative amounts of reactants.

2. The composition of claim 1 having an aluminum-27
NMR peak at ca. -26.2 ppm relative to aluminum oxide at 0
ppm.

3. The composition of claim 1 further comprising the
addition to the reaction product of CaCl,; and Epi-DMA
polyamine.

4. The composition of claim 1 further comprising the
addition to the reaction product of p -DMDAAC.

5. A composition according to claim 1 wherein the
reaction product is the reaction of 10 parts by volume of
an aqueous solution containing about 40 wt % active FeCl .,
3 parts by volume of an aqueous solution containing about
50 wt % (Al(H, PO,);.XH; O0), and 5 parts by volume of an
agueous solution containing about 50 wt % Al, (OH)g Cl.

6. A process for treating a solution comprising

contacting an agqueous solution with an effective amount
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.10%. (& ()-:N .10% (& ()-:N .10% (& ()-: &  KY 1%.nmu{| g&<G G\N
.10%.(& ()-:N .10%(& ()-:N.10%(& ()-:N.10%(& ()-: N .100%(& §}-SEV 2002
.10% (& ()-:gG<G G\N .10% (& ()-:N .10% (& ()-:N .10%(& ()-:N
.10% (& ()-:N .10% (& ()-:N .10% (& ()-:gG<G G\N .10% (& ()-: N
.10%. (& ()-:N .10% (& ()-:N .10% (& ()-:N .10% (& ()-:N .10% (& ()-: gG<G
G\IN.lO%_g&'()Gf: Nhel68fbds {QionNof 1624m&'1(.) - - N . 109%4.(& ()-: N . 10% (& ()-: N

C10%.(& () -: | [ NA4GL10:.10; 10: "> 109%.& ) ~N.. 109%.( &.() -: KY | % .
. 10%.(& ()-: | obU4?{] ,'16%&%"(3“'—?&&%@&%?%&188%%%’5 %g&ég%f"ﬁ . Y&lﬁ/&gs&&' () -
f%gg%égfi§)- 'éﬁ?ﬁ;iB&?ié%iifiszkd from the group coneisting of general

98& ()--+(1099& ()-+(1099& ()-+(1099& () - & () - 99& () -
9yMLOYDE () - | L,aﬁfﬁ@@f&%&' TR 1?%%‘&% Y f&/@ig‘%‘?‘?@%ﬁg 2 égi{lgi%g()
CLOTSE (MM b o g Sy

_ _ - - 0 '. - 0, ! - ; <=>%

e L o
0" (+(109@&' () - ks{C 8+(?0‘V<983': Ot cXK pouldVRGiL )y GaRas s ; XK

0" (+(1090& () MRSFGYDERE) SIRUTIHRS( PO TIFE: F7Y_PEHLOOHRETR( 10908 () - +(10%
9& () - +( LO9D& di)1/at@IO&i £ urds] 0UBEOL ¢d +{chUUBENE ) -ddAABhedbe( 109B& () - +(10%0
&;()_+(10%9& ()-+(109& ()-;cXK 0" (+(10980& ()-T88+( 10+( LO09Y®&. ()-; cXK
0" ((+(100@& (JWiRSFSHOBTPYSE HIBRULY . S HOUE P P (TORFAEI0E () - +( 1000
() - +(1090& () -a:k000G (href 10 ( Lot d0UE Clafdiidiar &bl 1880 &dgert( 1090& ()
-r(lO%Q& ()-+(1098&' () -; cXK 0" (+(1090& ()-* :g%BSG,8+&%O%9&é&é-;CXK
0" (+( 1099& () -9TAEHPETE) PRADARRIICP. +FATIME VY2 S\ RTAIEIEPE 1698 +( 10908 () - +(
1090& () - +( 1090 wate0UBE {AouelrtBiD&ddrenat@UD& () - gG 8+(1090& () - +(1090&
()-+(10%9&f()-+(10%9&'%)-;CXK , .
8. The process for the production of a reaction
product comprising reacting 3 to 30 parts by velume of an
agqueous solution containing about 40 wt % active FeCl,,
0.5 to 10 parts by volume of an aqueous solution
containing about 50 wt % (ARL(H, PO4).XH; Q), and 5 to 20
parts by volume of an agueous golution containing about
50 wt ¥ Al, (OH)s Cl, wherein the reaction product has the
following structure:
Iron (ITI) salt of [Al, (OH)a (Hz POg)p Clo (Hz O)g) o720
wherein a+b+c>3m; n, a, b, ¢ and d are defined based on
the relative amounts of reactants,
9. The process of claim 8 further comprising adding
to the reaction product, CaCl, and Epi-DMA polyamine.
10. The process of claim 8 further comprising adding
to the reaction product, p-DMDAAC.
11. The process of claim 8 comprising reacting 10
parts by volume of an aqueous golution containing about
40 wt % active FeCl,, 3 parts by volume of an agueous
golution containing about 50 wt % (AL(H, PO4);.XH: 0), and

5 parts by volume of an aquecus solution containing about
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