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THE | NVENTI ON m%%%%%% Conposition, Process of Preparation anMﬁ‘ugd of

Use BACKGROUND OF THE | NVENTI ON The present invention relates generally to
. coagul ants. for water treatment applications. 1In general, coagulants are
utilized to renove suspended solid particles from aqueous systens.

Coagul ants typically fall into the general category of inorganic
(trivalent, divalent nmetal salts) or organic (water soluble

pol yel ectrol ytes). Exanpl es of wi dely used inorganic coagul ants are
alumnumsulfate Al[err](SOerr])[err], alum numchloride 5 Ald [err],
al um num chl orohydrate Al[err](OH)[err]d, ferric chloride FedJerr],
ferric sulfate Fe[err] (SO err])[err], and cal cium chloride. Exanpl es of
commonl y used wat er sol uble or solution polyelectrolytes are p- DVDAAC

(pol ydi net hyl diallyl amroni um chl oride) and Epi - DVA pol yam ne. 10

Many i norgani ¢ coagul ants are co@ﬁgéﬁbgé—ﬁﬁgh—§$@ﬁgﬁag cationic

pol yel ectrol ytes and can be conbined to form stable conbinations. In recent
years, many different blend formul ations
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The present invention relates generally to coagulants
for water treatment applications. In general, coagulants are
utilized to remove sﬁspended solid particles from aqueous
systems.

Coagulants typically fall into the general category of
inorganic {trivalent, divalent metal salts) or organic (water
soluble polyelectrolytes). Examples of widely used inorganic
coagulants are aluminum sulfate Al,(SO,);, aluminum chloride

5 AlCl,, aluminum chlorohydrate Al,(OH),Cl, ferric chloride FeCl,,
ferric sulfate Fe,(SO0,),, and calcium chloride. Examples of
commonly used water soluble or solution polyelectrolytes are p-
DMDAAC (polydimethyl diallyl ammonium chloride) and Epi-DMA
polyamine.

10 Many inorganic coagulants are compatible with solution
cationic polyelectrolytes and can be combined to form stable

combinations. In recent years, many different blend formulations



of an |norgan|c coa ulant wth a high charge solution cationicg . .
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and advantages suc : a synergy “of addlng t he i norgani c and

polynmeric eqal r@&ﬁéfaﬁi&meoaﬁhy fagthed! eil; uADded. Staease mwitdike Nos.
usi ng one product Instead of two (thereby elimnating feed systens,

equi prent , 2ap@é2haed| i 8g2ss 2849, 3,472,767, VAsBeySsEs I reIdt,BESt, 4yIBENEES,
typically require the use
4,450,092, 4,582,627, 4,610,801, and 4,655,934, the disclosures

10 of which are incorporated herein by reference in their entirety.
Normally, these compositions are physical blends of an inorganic
trivalent metal salt solution and a water soluble polymer
solution, which is a simple mixture of the components where both
compohents retain their original identity or chemical

15 composition, but provide utility and advantages such as:

1. a. synergy of adding the inorganic and polymeric
coegulants simultaneously as a blend; and

2. ease of use - using one product instead of two
(thereby eliminating feed systems, equipment, and handling) .

20 Wastewater treatment systems typically require the use
of trivalent metal salts, a polymer or a combination of both in
the coagulation process. Both ferric coagulants such as FeCl,
blends and aluminum coagulants such as alum or Al,(OH),Cl blends
are often used for these processes. Both the ferric and aluminum

25 coagulants provide different desirable properties. However,

these coagulants are normally incompatible with each other.



of trivalent s, a polyner or a conbination of both i
coagul ati.on ppgﬁggggaggth ferric coagul ants such as Fed 3 bIengghg%gwmmm

al um num coagul ants such as alumor Alferg], err] . _Dblends, are often
used for these processé%.W&ifﬁkﬂﬁa@%ﬁ*?%éahécg%gni m%% Sév%ﬁﬂbu?aﬁfggle

provi de different-desirable pr rties. However. , .the Q |_ant re_ .
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The present invention conprises a conposition that is the reaction product
of a trivalent netal salt, excluding chromumsalts, an acid phosphorous

conpound and an al um num hydr oxsuMuaRYi 8¢, TaRdIRVENPE6§S for preparing the

same. The nethod of use according to e present 1nvention 10 _conprises
addi ng Bhis reaction pradugtesdn@n Biddidy ecnipriflest @ thmpselhivibanthat bes
treated. The conposition of the present invention is an excellent and

uni que coagulhet feactbsh Wricduct of a trivalent metal salt, excluding

chromium salts, an acid phosphorous compound and an aluminum
hydroxy chloride, and a process for preparing the same.

The method of use according to the present invention

10 comprises adding this reaction product in an effective amount to

the solution to be treated. The composition of the present

invention is an excellent and unique coagulant for most water

treatment applications.

As used herein, the phrase “effective amount” refers

15 to that amount of the claimed reaction product which is helpful

to at least partially treat (coagulate) the impurities in the

wastewater or system being treated.

BRIEF DESCRIPTION OF THE DRAWINGS
The above composition will become more apparent when
20 reference is made to the following detailed description, taken
in conjunction with the appended figures, in which:
FIG. 1 is an Al-27 NMR spectrum of monocaluminum
phosphate;
FIG. 2 1is an Al-27 NMR spectrum of aluminum

25 chlorohydrate; and



treatment appli.cations. As used herein, the phrase "effective .
refers 15 pwgs’?{q?f%ganount of the clained reaction product MW& 708621

hel pful to at Ieastnggrtially treat (coagul ate) the inggrities_in t he
wast-ewat er or syst emFBEing i9 et &d.-2 Fﬂﬂg'ﬁﬁﬁﬁﬁﬂqupéNt TR HRRNIMNGS UFige
above conposition will become ppre apparent when 20 reference i_.s made to
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figures, in &hicg: FIG 1is an Al-27 NMWR spectrum of nonoal um num
phosphat e; SBFBrO8YATakS - Al - 27 NVR spectrum of al umi num 25 chl or ohydr at e;

and 3 PG 3 Tsaan el e2L MR SPechiumglohhe,raCk PR i ure of

iron(l11) chloride, nonoa um p € and alumi num chlforohydrate.
These figures are discussed in detail below 5 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON '

5 ' DETAILED DESCRIPTION OF THE INVENTION

The present invention was discovered when the inventors
were attempting to obtain the desirable properties of FeCl,
blends and Al (OH),Cl blends by mixing these two inorganics and
then combining the <resultant mixture with a cationic

10 polyelectolyte and other ingredients. However, they discovered
that mixtures of trivalent metal salts such as FeCl, and aluminum
hydroxy chlorides such as Al,(OH),Cl are incompatible and all
attempts to combine such mixtures ended in a gelled/solidified
reaction product which was not usable.

15 ' It was unexpectedly discovered that FeCl, solution and
Al,(OH),Cl solution can be stabilized and combined through the
use of a third ingredient, monoaluminum phosphate. The inventors
have discovered a method of combining these previously
incompatible c¢oagulants and creating a stable, complex ion

20 coordination compound that exhibits increased efficacy as a
coagulant for industrial and municipal water treatment.

A composition, and process for preparing the same, has
been discovered by the inventors comprising the reaction product
of a trivalent metal salt other than chrominum salts, an aluminum

25 hydroxy chloride, and an acid phosphorous compound which acts as

a stabilizing compound.
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obtain the des roperties of FeC [err] blends and A (OH)

bl ends by m xi ng these two ino ni¢cs and then onbi ni n the. resultant
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Aferr](OH [ ution can be st and conbi ned rough the use

of a thsrd i pgEaELENErdPNERE URJIPiBROSPHAtBe 8 MY E@é;?ﬁércﬁ?é’ecom ound
di scovered a method of conbining these previously inconpatible coagulants

and creating(gcababiger coppl ekel @riZ@1lentCaritdilnaallen C # hahd more
~exhibits increased efficacy as a coagul ant for industrial and nunici pal

wat er treat mebjordugoaroshérnnresulit Pr oeoasther spbepquemny adeiSboE, ohashe
been di scovered by the inventors conprising the reaction product of a
trival ent nedhimialt hhtdrekyt bhboridenn Basedalpsn tdn slexotherm?5as wejdr axy
chl oride, and an acid phosphorous conpound which acts as a stabili zing
conpound. -4ecolor changes and partial precipitation (and re-dissolution), it
10 is believed that the components are reacting and a new compound
is formed. Although the order of addition of these compounds to
form the new compound may be altered, the above order of addition
is preferred. If the trivalent metal salt and the aluminum
hydroxy chloride are combined without the acid phosphorous
15 compound, a slurry will be formed which will generally solidify
in less than an hour. 1In order 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
20 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 solid mass can be
25 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

-5~



The preferred process of preparing the present invention is the _addifi of
the acid phosW¥R#PE#SE7 conpound (stabilizer) to the trival ent néFEW%§&@@§P

soon followed by the addition of the alunifun1q5drgx chloride. A snal
exot her m 5PrenaEARHAR fPEPFeHR- addiits oFCBFIEFECRCF aéhc?sp’ﬁ%?’o&? S
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al um num hy oride are conbined wi thout the acid phosphor ous 15

conpound, g W Ry (o) lobediRimedowht shimi Whtgener abbomeptigdbly avaibsble
than an hour. In order"to create a stable final product, if this order of

addi tion i gddl ] igstuti®e ¢ diphasphepsusaninmoupdws mtertel addedwaterhi s

m xture prior to solidification, or preferably within 40 m nutes. However,

reconst it utdomineafdigflly available monoaluminum phosphate and Al (OH).Cl are
both 50 wt% in water, plus or minus 1 to 2%.

10 The combination of a peak’s shape and position yield
structural information in NMR spectroscopy. The position is
based upon a relative marker to a selected standard material and
is measured in ppm shifts in frequency. The standard reference
material used in these spectra was aluminum oxide (Al,0;) at O

15 ppm. The shape of the peak (singlet, doublet, etc.) is dependent
ﬁpon the nuclei’s - interaction with neighboring atoms. The
combinaﬁion of peak position and shape is a function of the
nuclei’s environment, and thus, its structure.

| Figure 1 is an Al-27 NMR spectrum of monoaluminum

20 phosphaté. 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
chlorohydrate (Al,(OH),Cl). This spectrum shows a very broad set

25 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-



20 , solidifi ' is possible by the addition of the Wh@%sw
- phosphor ous co?f‘g%% 57IThe | east preferred order of addition is

acid phosphorous conpound, i s al gne first ed wi.th the_al ym num hydr,o
chl ori de, NE 1eieRss With B@tﬁ&lﬁéd]ﬁ AW | 73t Bfit &9 gﬁér ¢Min

Ho , h lid be b h dd f
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different in conposition rom use n the pr epar ation

process. The concl u§ a%\l q%%gﬁpg)ynmks glp%rcrg;qm{ SofU gr t&%&)ﬁon

Fi gures 1-3 which |IIus spectra for a corrpound orrre from

the reagti ompfedpe W Utf‘f?efBE'QHEﬁt:LQIﬁ%gth%r] (2hodt AO%BG1M VEhERW the
material in water), 3 5 nonoal um num phosphate (Al (Herr]PQerr])[err]

lerr] XH errg£3avabost éﬂe%f/airﬂeavaéﬁamcﬂﬂdnﬁm%{z(eﬂzbf[ erdrid 1 (19b &H1 24 aat, %

in water). Commerciably available FeC[err] solutionis 38 to 42% acti ve
raw mat eri alméomoamiminufCosiespshadd Yaray & lwahlrminmhlarahiyidrateh esjtaidd ngnd o

Al (OH)[err]d are both 50 % in water, plus or mnus 1 to 2% 10
The conbi nattlosn ofiraepetakeacshape asdngodile orongeitkations and parts per
volume of these three compoﬁnds in the preferred embodiment. 1In
10 Figure 3, the aluminum NMR peak is a very much sharper singlet
and is shifted to a position at ca. -26.2 ppm relative to the
standard. These changes indicate that a reaction has taken
place, that the two component raw materials (iron(III) chloride
and aluminum chlorchydrate) are most likely limiting reagents in
15 this reaction, and that the structure of the final product is
simpler than the aluminum chlorohydrate precursor. The aluminum
exists in a single type of chemical environment, hence the
rationale for the proposed structure of a new compound.

The molecular formula of this preferred embodiment,

20 which is the subject of Figure 3 is:

Iron(III) salt of [Al,(OH),(H,PO,),(Cl).(H,0) 4] 3n-a-b-c

where a+b+c>3n

This new composition is the product of a Lewis/Acid
Base type reaction in which a stable, complex ion coordination

25 compound is formed as follows:
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-6- 10 preferred embodiment is represented below where the H,0, Cl, OH
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 central metal

atom is coordinate covalent.

[ lo} 1 H0 &
Cl‘Hr ~OH HQ, [ -
N 4 ‘Fs‘
HyPO4 o OH HZO/HL?\ <
L B il
15 The preferred embodiment of the present invention

composition, by volume, is:

10 FeCl, (aqueous solution about 40% active raw
material in water)
3 Monocaluminum phosphate (Al (H,PO,), e XH,0) (about 50
20 wt% in water)
Al, (OH),C1 (about 50 wt% in water)
CaCl, (30% solution)
Ca-250 (Epi-DMA polyamine) (50 wt% in water)

N =

Multiple experiments involving the modification of the

25 - volume of the above ingredients in the preferred embodiment have

~-8-



m nor inpurit is material is known to be polyneric in gaighosnsezt | N
gener al , the%ﬁfaw%?;?he nol ecul ar weight of a material the nore broad the

peaks becone; e'é'hggre@f rinda @ Al Rfs M}{éé%@gm% &ﬁstrgﬁe&&gﬁqe bave
m xture of t e present 1nventton. I's spectrum shows the pr duc (ﬁ ?me
claimed reactjc@rdn v Mike LfpisPUd | {ne CHLOELARaqg ”P&ﬁ?iﬂé{ﬂi%&g‘i g&gﬂgﬁ%&@&d

al um num chl or ohydrate according to the current reaction,

concentrat i Olﬂﬁg_afbé RAtESe@hi WH 19f mhRRESIAIMMELR GRHBOENESaER &M roduct
preferred enbodi nent. In 10 Figure 3, the alum num NVR peak is a very
nuch shar per afidglied el ded didda@tliona ppopeit 98sato CRary 28y 2adprad<l atiwve
to the standard. These changes indicate that a reaction has taken pl ace,

t hat thé& two heenpoeent desrrmbhedi ahat (i(ueinbl Ithec Mondete rand cakusgtuniorth
chl orohydrate) are nost likely limting reagents in 15 this reaction,
and that theapovedt the wbluthe dfi tdle Felliyctonpenentpiey baavatrihed af rom rurho
chl orohydrate precursor. The alum numexists in a single type of chem cal
envi ronment , 3¥epertehethatheonedlamtigum hhopphafss atysbeuvavied ofremnéivto 10
conpound. The nol ecul ar fornmula of this preferred enbodi nent, 20 whi ch

i s the subj e®2X%S Fi gude thei AL I(PBWTY pagabe gmcreased to as high as 20

[AI[err](CH)[err](H[err]PC{err])[err](CL)[errg(F{err]%%Berr]][err] wher e

a+b+c>3n parts. However, the upper limit of the Al;(CH).Cl Vvolume appears

10 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

15 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

20 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. 1In order to obtain the

25 most preferred ratio of components of wvarious 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

-9-



This new conposition is the product of a Lewi s/ Acid Base type I L I n
whi ch a st ab™® 996431 ex i on coordination 25 conpound i s foﬁ?iﬁ#éﬂg%&l

foll ows: -7- A+B [err]"internediate" (4[err] C. tenperature rise

obser ved) 'é;é%pq\rﬁ}ggae&ééghgrfc [££4d 1eWSRpPeaHh (P URd11aiSt e t OHPEBAGL €5

ri se observe

: _ (% Active
Basis) 5 gty |han tOFi 3 compared to about 50 wt% of7.hdhoalG M
Phosphoric Acid, Al unminum Salt fS:l) 8% - 10% C= Al um num
Chloride, PBasdghate. Thus a componddt 034 -dilSferenty ptaatest raciomn ecaf bdi s
new conpound of the 10 preferred enbodi nent is represented bel ow where
the Hl errf8edlf Ghearbrfeartr nfddfzar Jatiigadmdobtaingsdr.y i n nunber, as well
as in their position on the nmetal ion in the coordination conpl ex. The

naturse of the bond Het weepesash thgandthed ealcivunt clomids andm ¢3-250
coordi nate covalent. [err]
components are present only as a physical blend with the
compound which is the result of the reaction. The resulting
blend of the reaction product and the CaCl, and CA-250 (Epi-DMA
polyamine) is a “sweep-floc” which functions as a coagulant and
10 a flocculent and, as noted above, could be useful in many water
treatment processes. Other standard additives can also be mixed
with the reaction product.
In place of the CA-250 (Epi-DMA polyamine), p-DMDAAC
" may be utilized undef certain circumstances in the physical
15 blend with the subject reaction product. The p-DMDAAC may be
utilized when the trivalent metal salt FeCl, (in the preferred
embodiment) is diluted by 10 to 40% with water prior to the
addition of the acid phosphorous compound and the aluminum
hydroxy chloride. In order to utilize p-DMDAAC with the already
20 prepared reaction product of the preferred embodiment, the
entire reaction product must be diluted by 10 to 40% with water
prior to the addition of p-DMDAAC. If phosphoric acid is
substituted for the monoaluminum phosphate of the preferred
embodiment, dilution of either FeCl, or the entire reaction
25 product should be by 10 to 80% with water, otherwise
precipitation will occur.
Tests have also been performed involving the variance

of the amounts of CaCl, and the amount of the CA-250 (Epi-DMA

-10-



15 | ) referred embodi ment of the present i nvergdQdsoosnsezi
conposition, bywaépﬁﬁg |s 10 FeC[err] (aqueous sol ution about 40% acti ve

raw materi al %?1#@:@ 3 VoReal /T uY RS ddidddtd hf’%ees'zséézﬁ €fhtieq

[err] XH err]

A [err] (OH) [ esgdicd teataeﬂter%n\& "8 naewa&ﬁaépénd&@@ B@éii ( 30% e Obalt] DM0e 2of
Ca- 250 (Epi-DNVA polyamne) (50 wt% 1in water) Miltiple experiments involving

the nodifi catﬁroéb@ftw%o%éonenuel aﬁgea)fs the raheve neglediblbSefRetbeon the

preferred enbodi nent have - 8- been perfornmed. It has been determ ned
t hat al t houghférrupdOven hot ed vol unes provide the preferred conbi nation,
these ratios may be altered while still maintaining a stable reaction

product ®nd the desiredgoagtkdt i oy, 0pal thesgh o ther \praf ddagrdesmbbibhent
has been determ ned that (using the concentrations set forth above) the
vol ume of theutelifesr|FeClyponent thay teivakérdd fmed@l3 8180 pmehealuhinum
nonoal um num phosphate nmay be varied from.5 to 10
phosphate as the acid phosphorous compound, and Al,(OH);,Cl as the
aluminum hydroxy chloride, substitutions may be made for each of
these compounds while still resulting in a stable, effective
10 reaction product.
The preferred trivalent metal salts are those of Group

8. The more preferred trivalent metal salts are metal halides.

However, the most preferred trivalent metal salts are ferric,
such as FeCl,;, Fe,(S0,},;, FeBr, and Fe(NO,),. Additionally,

15 blends of the foregoing may be utilized. Ferxric halide is wmore
preferred, while ferric chloride is most preferred. The
preferred anions of the salt are chloride and halide. Sulfate
is a less preferred anion of the salt. Nitrate may also be
employed as an anion for the salt.

20 The preferred acid phosphorous compounds of the
present invention are selected from the group consisting of acid
phosphites (including phosphorous acid}, acid phosphates
(including phosphoric acid), and phosphonic acid. Acid
phosphorous compounds having the following formula may be

25 utilized:

MI{PO
Where: M = cation such as a metal or ammonium
n=20+to 2
Xx=1to 3
30 g =3 or 4
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parts, and err](OH)[err]A may be increased to as high as 20 parts.
However , thet‘ﬂgb@% PImit of the Alferr](OH)[err]d vol une appé’SFgJS?’U“J%Z‘t

be 20 because precipitation begins to occur at this level. Al though the

qual i ty of Féhe exesmplleantt o MPELIGIE AT &€Ud PpBRephioeak! dMddurddie /gy ki on
fromthe preferred enbodi ment, the resultant conmpounds provided stable
reacti on patlltzed: Fuvndelutisis preavspheard ofAle(H\pay, Y| g XHje) cophbBphbens of
15 different trivalent netal salts, acid phosphorous conpounds and

al umi num haekdx{H:EL)or iRfesphazowel actd (H&EOyll wwmskivof phasphatehmonopareat .
The Exanpl e_bel ow denonstrates the results of selected tests on vol unme and
conmponent HEAQ:dns. TRV unebhPePhatros sibasie h aldagHPQy) ,conpHEDR! S
20 of tﬂgﬁ: referred enbodi nent are alsg applicable to the various

clai mdd co (B Gkt Her ot FdtY) r iRBARAOTES al 284 t s (HASH AR IRdus
T e A e o R SN
component SHAERaE REbabEge 1Ry b eiPd: o ok PPRG Boncenred: rond
hosph t o AR BT bre e e BrbBhhfs o HoR L S BB o dRG e SoBRGy e “Epgy
- I their lower cost.
10 The aluminum hydroxy chloride compounds which may be
used in the formulation of the composition of the present

invention are those of the general formula Alz(OH)yClz, where y=

0.1 to 5 and z= 1 to 5.9 The more preferred are those where y=
1 to 5 and z= 1 to 5. The most preferred are those where y= 1.8
15 . to 5 and z= 1 to 4.2.

In preparing the claimed reaction product, AlCi3 can
be utilized as the trivalent metal salt and combined with
Al,(OH),Cl and a stabilizer (acid phosphorous compound) . An
exotherm will occur and a reaction product will be formed. AlcCl,

20 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 Fformed
and a blend is achieved. Nevertheless, this blend exhibits good
coagulation properties.

25 Experiments have also been performed where the CaCl,
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

-12-




exanpl e, phosp | jd is conmercially available in about 85 g% er
as conpared togﬁg%%F%%B wt % of rnonoal um num phosphate. Thus a é%%é%%@ﬂ%ﬁgf

di fferent concentration can be used if the correct nolar ratio is obtained.
S : . polydmidpeansy thRako the cabehstiiied | deitlando€Ae250 Epi-DMA
conponents are present only as a physical blend with the conpound which is
~the result dolhmineacti Qa-250The pesfettread Mdendseofoft hist & emdiatovep daydo
and the CaC[err] and CA-250 (Epi-DVA polyamne) is a "sweep-floc" which
functi ons asmedtwagumcdricudmd IWeighta. f| cCxB%ENt iand asmmetretlahbeed yasamied
be useful in many water treatnent processes. O her standard additives can
al so be m xepradudt tdwld dactGaiigqy dhaporatiopl.ace of the CA-250 ( Epi - DVA
pol yam ne), p-DVDAAC nmay be utilized under certain circunstances in the
physicad 15 bl end \Fhie trRSBkIFHNTC theve RAMSNNG ddiFc PeenT HeNenSEALS i
be utilized when the trivalent netal salt FeCILerr% (in the preferred
enbodi ment) P& ap| gkeqlhgne0208 HDIAWFt FORGLLATPr FBF FESEn&&Ed (1767 S he
acid phosphorogs,conpoundngid t he alun1nun1h£d£gégtchlor|d [H)order t.0

utilize p- GRYYPTShHA p@éﬂ@ E-coat wast ment, water-borne paint
waste coagulation, oily waste and solvent-borne paint
detackification. It is also exhibits utility in general

10 wastewater treatment, wmunicipal 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
15 drinking water and industrial purification), oil/watexr
separation, water containing suspended solids, color removal
(colored solutions), waste clay slurry, coal waste, mineral
processing water, oily waste, water containing suspended solids,
water containing paint solids and others. The resultant new
20 compound has alsc 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
25 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

-13-



20 prepared reaction product of the preferred enbodiment, the entire
reacti on pro¥W@29/54285t be diluted by 10 to 40% wi th water pri oPCTESH8621
addi ti on of p- DMDAAC. I f phosphoric acid is substituted for the

nmonoal uni SemtpRdsghsse dn t Keripkdher r @dte¥odismesiesigiabli ok of reinimwize
Fed 3 or the entire reaction 25 roduct should be by 10 to 80%
with wat éprmagimey wicfe Frlekeminaiiedn WWEFoeRERPRS Te§PEMBEY e ANTdADedine
performed | voLvin% t he variance of the amounts of CaCl[err] and the anobunt
of the CAgggerGESF-BNAPITG?SS' pol yamine). The vol umes of these conpounds

of those tuo compondfits TRbATEC T FHa et Red| FOF oPECRRRLRP GHe raimed ©

formdl ati ac%ion ?rEQEFfeFPﬁﬁiTgtEgeaggingﬁbgthg St,he preferred

enbodi ment uti i ze as t trrva metaf salt, nonoal unm num

phosphat e as the achg phgsaharous chpRRaUAe Andall Lo T kO] ensd Oyaside

al um num hydroxy ch substitutions may be nmade foOr each t hese

conmpounds mdida® uitinkin PpHaRe 19b1SIGP! fab&id 854 1 Wes in water) to 10

parts by volume FeCl, aqueous solution (about 40% active raw
material in water). During the addition of the monoaluminum
10 phosphate solution 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
gstable.
i5 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.
20 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
25 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.

-14-



10 . reaction . The preferred trivalent netal salts ar g, c%ﬂ%ﬁﬁ@&ﬁl
G oup 8. The erred trival ent netal salts are netal hal

e N

pddic1onal Lnel3re cRLENGR: OTpddifed L1RIPUI0 JY 108 clly Lﬁﬁgzlnge£a Sobfekde

Is nore preferr I"de’ 1s St preferre

preferred arﬁlﬁ@algﬁthgsg%p'tgaﬁg”at r@%ﬁ%ﬂa@'% Oyegéat snasa%ulnf‘a

preferred anion of t be e as an anion
the salt. 2Qydrox chlorldéré"%er%rl?lf %ié?ﬂedaciﬂ tﬂf@%ﬁh@r ﬁHEedCﬁl?@QYngﬁt:LBé
the present invenfion are sel ected fromthe group consisting of acid
phosphig es ard rliddizeg, phosphorous acid), acid phosphates (including

phosphoric acid), and phosphonic acid. Aci d phosphorous conpounds
having the followi ng fornula my be 25 utilized: Merr]Herr]PJerr]
VWher e: M = cation such as a netal or amoniumn = 0to 2 x =1 to 3 30
g=3o0r 4 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.

10 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

15 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 folléwing test procedure was used to compile the

20 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
25 same B-cup and mixed until uniform.

Test Procedure:

-15-



For exanple, the follow ng acid phosphorous conpounds may be utili Z@g
monoal umni nun?/‘&ﬁ?éﬁﬂ?ﬁite (Al (Herr]Pgerr])[err] [err] XHerr] TS #ric
acid (Herr]P(Jerr]), phosphorous acr d (Herr]PdJerr]), sodium phosphate

nonobasi ¢ (NaH err] Pq er r bf@a

(Na[err]HPO err]), ’ %mls( er r?%%)m;%P% er% err])) §° av?]h?l?s
phosphoni R{ded QA &ideld).. di met hyl phosphit

((CH err] err%%i (NH err]) [err]HPCIerr],

NH{ err] H err] PO e”]z pOt’l@i‘@'#ﬂE Osphakespuabedl onl I {pid R eredy, anad
Klerr]HPJ err]. The nore preferred acid phosphorous conpounds are those
whi ch ar e qigeddraganion diggnt o their |lower cost. 10 The al um num
hydr oxy chl ori de conmpounds which nay be used in the fornulation of the
conpasition of the @esers mldwendf oneate R+tumst ovashe g@ser atldedr g athe
Alferr](OH)[err]C[err], where y=0.1to 5 and z=1to 5.9 The nore
preferredweteet hose where y= 1 to 5 and z=1 to 5. The nost preferred are

t hose where y= 1.8 15 to 5 and z=1to 4.2. In preparing the cl ai mred
reaction product, A [er¢]6 d!élrﬁ i Ghel s@éacraedtwgulrw and/ Rt gPaskienand
conbined with Al [err (OH) [ erg(l)(:l and a stabilizer (acid phosphorous

conpound) pProducteerheriem (30GRRM) HRF A9WL 15D TR S w39 be forned.
hyarberrl 20 can also e UliA%h Sae %i}%gaswféoe 19r ddie 1@ uriaum,.
10 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 recorded.
8. The solution was mixed at 100 rpm for 15 seconds.
15 ' 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.
20 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 syfinge was placed below the
25 surface of the solution at approximately the top of the vortex;

b) the flocculent was added and timed for

exactly 10 seconds;

-16~



chl or.i de conpo combined with FeC[err] and a stablllzer
In this circuns Qﬁ@%%§397 reaction product is not forned and a bI ¥§M351

achi eved. Nevertheless, thig bleggt§§hugk;stggo O@%ggﬁgprgg &le%h

Experiments have al so been p rforne where the Ca h4s been

~substituted y?gaayggn[ fRE] t@ggegaé;l,,j,ﬁrg(} ¥ 14 Ulpf;esul ting serious

detrinment to the performance of the resultant mxture wth the reaction

product. The CA-250 (EphyDMAchd2floc PRh¥amlIRWeRYtE Sevhe cpubsdi t uied
with other Epi-DMA polyanines. CA-250 is preferred because of its relative

| ow t 0o nedi ueeabhdeyl apdwei ght . CA-250 is a commercial pol yam ne product
sol d by Cal gon Corporation. 5 This resul tant new conpound has
been deBonstrated to be an excel tiedtagithtivm wasc achenl anknédrofidst wat er
treatment applications including E-coat waste treatnent, water-borne paint
wast e coagul ati on, 0Bly ThastBloandassotivemt aBdowed pai nsettle for 10
det acki ficati on. It is also exhibits utility in general 10

wast ewat er t ra@aufeAt, nunicipal wastewater treatnment, netals

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

10 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

15 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 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

25 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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removal from water, paper mnmeking waste water, water containing chemcal .
conpounds, WwAY@P%¥35® ai ni ng or gani ¢ conpounds, water contai ni ﬁT’Hﬁ?ﬂ’%@?‘cal
conmpounds, poultry processing waste, ink containing solutions, raw water
clarification (such as nunicipal 15 drinking water and industrial
purification), oi | /water separation, water containing suspended solids,
color renoval (colored solutions), wagrchay slurry, coal waste, m neral
processing water, oily waste, water Contalning suspended solids, water

contai ni ng pai nt solgyds; andagi fer $11usTRare8sukhant g cdlnanceEonppunehdas
al so been denonstrated to renove netals fromwater, including heavy netals

such as | gtk gdidedth Chtbbodimee!, Wast rdci,l hes waalldmere)) ;genexaLe)l fammin 5
el ectrolytic prinmer coating. The nmethod of using the new conpound for
coagul ati qq,i(oH} [tase 1v@sicoysard I €n-26ansiat shef caddenyrahéonswsebnpouhl to

25 the systemin an effective anount. This new conpound al so nmay be
utilized fasoeahanged I3m@s ati dn 39EnhBdRedtheagilaiH,B80,) s ¢ h&Hs@duwason
of total organic contam nants (TQOC). The reduction of organic -13-

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, respectively.
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contam nants in drinking water is desirable to mnimze formation gf

chl ori nat ed hyﬁ'%@éﬁ%ons formed during the chlorination pr&?@g‘%s. il
nost preferred nethod for producing the clained 5 reaction product
entails the follow ng steps: 1. At anmbient tenperature, add 3 parts
by vol unme nonoal um num phosphat e sol uti on (about 50 wt% in water) to 10
parts by volune FeCd [err] aqueous solution (about 40% active raw materi al
in water). During the addition of the nonoal um num 10 phosphat e
solution to the Fed 3 solution, sone reaction will take place. There may
be sonme partial precipitations and col or changes - and striations in the
sol utions. However, when the reaction is conplete, everything is in

solution and it appears stable. 15 2. Next, the 5 parts by vol une
al umi num chl orohydrate solution (about 50 w%in water) is added to the
m xture of Fed 3 apd npnoa uﬁinuh1phasphate (fangd further reaction takes
pl ace). The result&nt &olufign goes }hnqouph & vifol ent exot herm The
sol uti on becones| h¢t, and fhg solfutipn|berones honogeneous. 20 When the
solution cools | down,| it{ remains Jcqnppti bl e|] and|honbgeneous. 3.
Preferably, 1 part Qy Vol upre |CaCll[erf] [(3P% sjol wti on} and
¥
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2 parts per v, a polynmer, such as CA-250 (Epi-DVA pol yam ne 50
w9 are theﬁ)";{"g%é%’ The CaC[err] is added for 25 hardrﬁ%'}é/u%?ﬁﬂsﬁzhe
pol ymer to enhance coagul ation and to begin flocculation (to help formthe

pin floc).. There appears to be no further reaction when the CaCl[err] and

the pol yner are added. -14- As notﬁ:%i%g\_ég, it will be apparent to one
skilled in the art that this process uplicated utilizing the other

trivalent netal sal . AGi hgs F QUS B?QE!EPQ d um oX
chl ori des herein cl télﬁinlﬁsg%a%l%t E’gﬁgg%gn% ed no ar% rl%g'l 5§E5Hép%ar%rl£¥%f:? I‘%IfZed.
EXAMPLE T i e LS+ Bgl [RTTA cyyl

dem).nsjtra!t?"g1 e{ e ?\r%\%g%td i gﬂg}géggrbggt grg gg? gFFQdTh s%ﬁ%ﬂ%%g{#ﬁ%?%? eahré%d
to limt tFaporecpl the laafatl9Hog1?haﬁauwayeora@oundTM@iPﬁé@J e, afukthe
tabl es included therein, denonstrate the performance of the clained

inverd i on,cdmisdsiciivh tHe phel Priefereddodindinemt adiiinddiditkyRact foR

products fornmed fromvarious Goup 8 trivalent netal salts, acid

phosphor osmch trial, except: in 3982-79A, a lower volume of (Al(H,PO,), e
XH,0) (“MAP”) waé utilized; in 3982-79B, 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

10 substituted for the MAP in the same volume.
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water. 4. 0.6 mMs of the selected coagul ant and/or reaction product

sol ution (300VQBH§42¥as added to the glass jar. 5.  The sol ut PEWURRR08RIK e
at 100 rpm for 15 seconds. 10 6. The pH was lowered to 2.9
using stock Herr]SOerr] (10 gmHerr]SdJerr] + 190 gmD Herr]O. 7.

The nunber of drops of stock Herr]SJerr] used to | ower the pH was
recorded. 8. The sol ution was m xe L%éi)rpn1for 15 seconds 15

Y 80 gm D1 Horr) OFbI8 TnERRuodl LUPCRRERS B ShARcHeRESBEEPINOLLEE Lae
SecongscobpEnelatidn’ €A pigentiar UrbhTfielly B End9ts’ leniien
7736 [OUEg%qu%}éC%?gon %Oabgs&??{’g?{&ha' lr¥f§¥a't§a%f‘e N N.ARL e¢y! e ' 9 t

pol ymers so rporati - was placed in a syringe and a

the fol kg (RgROD, hod: x@)o), the A1 poi) &he Syreage Waaaplaced. Egbowwetﬂé

surface of e 50l ution at apprOX|nater the top &f the vortex:
fl occul eBiponiest adflednt2adibhdedf é8¢h ex@etorth) ffpands;
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B0
floc

10

s

R Db

The

13.

I nspection only).

the agitation

14. The floc size and the

in NTU (nephelonetric turbidity
m and

50 rpm 18. The solution was m xed for

10 m nut es.

the agitation was then turned off.
r eadi ng

the floc was all owed to devel op for 30

ten second period ended,

17. The agitation was then turned on and the notion 15

e)
turbidity

99%?5%7

rpm
The

afa&y
units) was recorded.

c) .

down to 50-60

5

was

20 ms of the solution was renoved with a syringe for a turbidity

then allowed to settle for
appearance of the solution was then recorded (visual

15.
30 seconds and the percentage of detackification was recorded. 19. The

not or speed was then increased to 100 r

speed was slowy increased to [err]

readi ng. 16.
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the solution_was m xed for 30 seconds. 20 20. The
percentage WOPH¥ckification was then recorded (if det adiGHVIMBBA of
100% was recorded at 50 rpm no reading was necessary at 100 rpm and
therefore was not taken). Unless otherw se noted, this procedure was
utilized to obtain the results set forth in the tables bel ow. Floccul ation

25 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., -17- TABLE 1 This table illustrates the
performance of fthe preferfed enmpodi ngnt| U0 FgClerr)], 3
(Al (Herr]PQerfr])[erg] [errl&XHerr]jOand S5{Aerr](OH)[err]d, 1
CaCl[err] an{l A €§-2b0, in tjhe q@cerftratilons|sel fdrth 5 above, as
3930- 93. I1*39§3§-&'84@, Qe,gAl @lerr] PAfesr]) [prr]] [err] XHerr]O was
substituted y tjh EDP,;-;in ge sarneg nollag | rdt% o.] 9 hg33982- 86A and 3982-87, the
(Al (Herr]POerfrd B[} €] [ el XH[<er r ]|G | R4t bgeén| Bifdewi se substituted with
vi nyl phosphpni|c aci g andf dijmet fyl— prjospnift €, |r eppeqti vel y.
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-19- . TABLE ble likewi se illustrates how the perfor e
ivoT b urva e

preferred enbo s effected by changes in the type and a

acid phosphorous conpound wutilized. The 5 conposition of the

. preferred enbodi ment renai ned constant for each trial, except: in 3982-79A

a lower volume of (Al (Herr]PQerr])|[efadrd e r] XHerr]O ("MAP') was

“utilized; in 3982-79B, a |ower volune of Herr]PQerr] was substituted for
the MAP; in 3982-79C, Herr]PJerr] was substituted for the MAP in the sane

~volunme; and in 3982-80G NaH err]PJerr] was 10 substituted for the MAP

- in the sanme vol unme.Tabd@- 5 provides a comparative example of the testing of the

preferred embodiment 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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-22-

1 Cacl[err]

3

The nunbers i ncl REHUSHIG8ER1 he

5 Aferr](OHerr])d,

XHerr]O,

[err]

4 illustrate the effect of altering the use
refer to the volunmes 10 FeC [err],

preferred enbodi nent.

of the conmponent concentrations of each set forth above.

ea,&;%”&%,’
headi ng "Descri ption"
-24-

(Al (Herr]PQerr])[err]
testing of thg

TABLE 3 Tabl
concentration
and 2 Ca- 250,
- 23_
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referred enbo 20- conpared to the perfornmance of t al
P e&gﬁﬁ P P %ﬁ&?bwy

conponent.s ther 1 through 5 are dem)nstratl ve of the use
i ndi vi dual conponent al one noted after the heading "Description". -25-
- 26- TABLE 6 Table 6 denonstrates the effect of varying the voI une
conposition of conponents of the prefem@miredbodi nent and the effect of the
conplete om ssion of the Al[err]OH err]d conponent. The ratios noted in
this table utilizeTahkecoficasnomsitansest eheh efdestnent smaryiog hthbowwlume
-27-

composition of components of the preferred embodiment and the effect

of the complete omission of the Al,OH,C1 component. The ratios noted
in this table utilize the concentrations of each component set forth

above.

-27-



FORMULA

83

E

TABLE 7 Table 7
in the preferred

Al um num

' 028

hydr oxy

Alferr](CH[err]d

%A [err]Jerr]

s of tests perfornmed utilizing various al PET/HEH08621

o S

hydroxy chl orides as substitutes for Al[err]OH err]d
These al um num hydroxy chl ori des are:

% SCLI DS

(A
sets forth th
enbodi nent .
BASI CI TY chloride A

-28-
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H . . [err]C[err] 55
-- | _ Aw%{dég_% OH)[err]Sderr]Sigerr] ~35 P@‘/Uss)g/g%ﬁn

-- -29- - 30- TABLE 8 Table 8 illugigpteps the performance of the
preferred enbodi nent conpared to the pertfor nance when substitutions of

vari ous conponents are nmade in the sane volune and concentration. The
second col um showsrdie ef keet ebritmerisdibsdsiltld of ebsEeBpeefoimé@rutilizing
FeC [err]. 4023- 8A, 4023-8C and 4023-8E show the results of the

substi t utvanicafs tdieumioied Hpiochilsrddapoandshbst MR e gl 023 IBACHLCL in the
4023- 13A show the results of the substitution of the noted conponent for
Cad [ err Jpref3rred embodiment. These aluminum hydroxy chlorides are:

Aluminum FORMULA 0% % SOLIDS % Al,C,
hydroxy BASICITY
chloride :
A Al, (OH),Cl 83 50 23.5
Preferred
embodiemnt
B Al, (OH),C1,(S0,)0.¢ 50 30 10
c Al, (OH), Cl,.. 30 33 8
23 Al, (OH) ,€1,(80,},.¢ 70 50 15
E Al,(OH),Cl, 50 33 10
F Ferrous Chloride -- 28 --
(FeCl,)
Al,(OH),Cl, 30 40 --
A1,{0H),cl, 55 40 --
Al, (OH),S0,5i0, ~35 ~35 -

-29-



PCTAIS99/08621

The
is a Goup 8

2.

sal t

1. A conposition conprising the reaction
The conposition of claim2 wherein the trival ent

i S:
salt other than chromumsalts,

and an al um num hydroxy chl ori de.

CLAI M5 What is cl ai nmed
product of a YPi%af38ht netal

phosphor ous conpound,
conposition of claim1l wherein the trivalent netal

trival ent netal

nmet al

-32-

3.

sal t.

The conposition of claim3 wherein

4.

sal t.
is a ferric halide.

is a ferric netal

sal t

5.

sal t

the trival ent netal

The conposition of ¢laim

Is selected fromthe group consisting of

and m xtures
sal t

7. The

sal ts.

and Fe (NJerr])[err],

sal t

FeBr[err]
The conposition of claim2 wherein the trivalent netal

Fe(SOerr])[err],
6
is a blend of one or

3 wherein the trivalent neta

FeC[err],
t her eof .

nore G oup 8 trivalent netal

conposition of claim2 wherein the acid
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phosphor ous cogp selected fromthe gr oup consi st ng of

phosphi tes, aci ﬁgﬂ%‘%ﬁat es and phosphonic acid. -33- %ﬁé%swmsszl
conposition of claim7 wherein the acid phosphite is phosphorous aci d and

t he aci d phosphate is phosphoric acid. 9. The conposition of claim?7
wherein the acid phosphorous conpound igp3gl gcted fromthe group of '
(Al (Herr]Pgerr])[err] [err] XHerr]O, Herr]PJerr], Herr]PJerr],
NaH err] POl err],  rNaharrbHPO ergdratedHiald | eOEbfigheer | 6Eerehd preferred
Herr] CGCHP(O) (OH)[err], (CHerr]Oerr])Plerr](OH,

(NH err] laliryordthQtercro]mpaMéheltb] bher pePEbenahce Wher rduhy sruticamd & various
KH err]PJ err]. 10. The conposition of claim7 wherein the acid phosphorous
conpound cofmpohehte 464 mdde NrertheHsene] ROl ame] andheorcdit ratcitn on B lsarorad
metal or ammnium n= 0to 2, x=1to 3, and g= 3 or 4. 11. The conposition
of cl ai mcaluhar shows hehealafifiectnoliy thexsubst bration o HFeBry EhenFedl; f ordld e
Alferr] (OH)[err]CJ[err] where y= .1 to 5 and z= 1 to 5.9. 12. The

conposi t i8&n @m2ﬂﬁﬁqnanﬁ\ﬂﬁa&ﬁ&ﬁ)ﬁhqw gheo mresults 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 CacCl,.
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and z= 1 to 4 .2. 13. The conposition of claim2 wherein the trival ent netal
salt is sel ecYVé’cf”Fﬁ??nthe group of FeC[err], Fe(SJerr])[err]|RCTAKNSpPRR2}]
and Fe(NJ err])[err], the acid phosphorous corrpound is selected fromthe 5
gr oup (AI.(H[err]PQerr])[err] [err] XH err]O, Herr]PJerr],
Herr]PJerr], NaHerr]PdJerr], NaJerr]HPJ err], (NH)[err]HPO err],

NH err]H err]PJerr], Klerr]HPJerr] and KHerr]PJ err], and the al um num
hydroxy chloride is -34- of the chemcal formula Al[err](OH)[err]C[err]
wherey = 1.8 to 5 and z =1 to 4.2. 14. The conposition of claim 13
wherein the trivalent netal salt is FeC[err], the acid phosphorous
conpound is (Al (Herr]PJerr])[err] [err] XHerr]O, and the al um num
hydroxy chloride is Al[err](OH)[err]d . 15. The conposition of claim 14
wherein the volune of FeC [err] (about 40% active raw material in water) .is
3 to 30 parts, the volune of (Al(Herr]Pgerr])[err] [err] XHerr]O (about
50 % in water) is 0.5 to 10 parts, and the volune of Al[ferr](CH[err]d
(about 50 wt% in water) is 5 to 20 parts. 16. The conposition of claim15
wherein the volunme of FeC [err] is 10 parts, the vol une of

(Al (Herr]PQerr])[err] [err] XHerr]O is 3 parts
N
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and the volurrexmpadéd %Selrr](a-l)[err]d Is 5 parts. 17. The cori;?gﬁjs%,@ggzpf

cl ai m 2 wherei Is utilized as the trivalent netal salt

conposition having an al um num 27 NVR peak at ca. -26.2 ppmrelative to

al um num oxi de at 0 ppm 19. The conposictiagmsof claim 18 wherein the
conposition is reaction product of i1ron(lll) chl ori de, nonoal um num
phosphat e amthagl ugl edeieedoiehydrate. -35- 20. A blend conprising the
product of AlCl[err], FeC[err] and an acid phosphorous conpound. 21. The
bl end of claim 20 wherein the acid phosphorous conpound is

(Al (Herr]Pderr])[err] [err] XHerr]Q. 22. The conposition of claim?2
further conprising thé.add tdamposfi tCad p@mprlandngheDwnag§n9anpﬁ@du93 offhe
conposi tion of claim2 further conprising the addition of p-DVDAAC. 24. A
conposi t i onacohpivalegtt Metadacsabh mtdwerct thana Ghropiient SabEal <4 t 26ifer

than chrom um salts, an acid
phosphorous compound, and an aluminum hydroxy chloride.

2. The composition of claim 1 wherein the trivalent

metal salt is a Group 8 trivalent metal salt.

3. The composition of claim 2 wherein the trivalent

metal salt is a ferric metal salt.

4. The composition of claim 3 wherein the trivalent

metal salt is a ferric halide.

5. The composition of claim 3 wherein the trivalent
metal salt is selected from the group consisting of FeCl,,

Fe (S0,),, FeBr, and Fe(NO,;),, and mixtures thereof.

6. The composition of claim 2 wherein the trivalent
metal salt is a blend of one or more Group 8 trivalent metal

salts.

7. The composition of claim 2 wherein the acid
phosphorous compound is selected from the group consisting of

acid phosphites, acid phosphates and phosphonic acid.

-
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phosphor ous conJ)ound and an al um num hydroxy chl ori de, where }

trival ent meWQP84¥ is one or nore of 5 the group of Fed(EW$9P°8621

Fe(SOerr])[err], FeBr[err] and Fe(NO[err]; b. the acid phosphorous

conpound. i s selectegd fro I Sl ”8191m('°;l (HherehBAers] Hd8y ]
& Ry Bef

[err] XHerr]O, H[err]P err], NaH err] err

Na[ err] HPEh8Ephi t £H Eér]gﬁ&%‘ﬁg%ﬁér]%fdr]éndH[tﬁ{é]%c@!dP( HddpHd | .is
(CHerr]gerr])Plerr] (O Herr])[err]HPQ err], NHerr]Herr]PJerr],
Klerr] HPC%ﬁbgbhagchhiEQar] Pq err]; and 10 c. the

al um num hydroxy chloride is one of the formula Al[err](OCH)[err]d[err]
where y= 1.8 to 5 and z=1 to 4.2. 25. The conposition of claim 24 wherein
the trivalent nmetal salt is FeC[err], the acid phosphorous conmpound is
(Al(Herr]Pgerr])[err] feer]cothpesiti®dn afd chaial Ui whereyidr oklye cldaid de
is Alferr](OH)[err]d . -36- 26. The conposition of claim23 wherein the
trival ent phesphoxeiis ¢ompeid iabseiedosd skroncthavgrmterefl (Ah(HFOel) %in a
vol une of 10 parts, the aci dehosphorous conmpound i s

(Al (H er r]iﬁ@)er r] ) Fe?@q [erHi X er NadPPabout NBEﬂR/Qa%l n GRCOH)| (F0aHa)ol unme

of 3 parts, num hyd hl d AI d
(aboulto SOHVE*X-}HW%E@‘F))M n (Suv%zl)% (S5 C Or4lt)s§ . }-JOSSJ-D& rE)] and
5 KH,PO, .

10. The composition of claim 7 wherein the acid
phosphorous compound is of the formula MH/PO,, where M= a cation
such as a metal or ammonium, n= 0 to 2, x= 1 to 3, and g= 3 or

4.

11. The composition of claim 2 wherein the aluminum

hydroxy chloride is of the chemical formula Alz(OijClz where y=

.1 to 5 and z= 1 to 5.9.

12. The composition of claim 11 wherein y= 1.8 to 5

and 2= 1 to 4.2.

13. The composition of claim 2 wherein the trivalent
metal salf is selected from the group of FeCl,, Fe(S0,),, FeBr,
and Fe(NO,),, the acid phosphorous compound is selected from the

5 group (Al (H,PO,), * XH,0), H,PO,, H,PO,, NaH,PO,, Na,HPO,, (NH),HPO,,

NH,H,PO,, K,HPO, and KH,PO,, and the aluminum hydroxy chloride is

-34- ——
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(a) the Fed|[e s . diluted by 10 to 40% prior to the preparation he
conposition any(i??és %ﬁ]bsequent addi ti on of p-DVDAAC, or 10 C%’US%%“Z]
(b) the conposition is diluted by 10 to 40% prior to the addition of the

p- DMDAAC. 24f dihe aaumasdt ia-f£1al rd cohepgbpet pe-tiiyalgng Qﬁéaé sait
Is FeC [err] (about 40% active raw material ‘i n water) in a volunme of 10
parts, the #ei4d.phosphorous conpound is phosphoric aC| d (about 85 wt%in
water) in a volunme of 3 parts, 5 t he al um num hydroxy chloride is
Alferr](OH)[err]d (about 50 % in water) in a volune of 5 parts, and: (a)
the FeC [err] is diluted by 10 to 80%prior to the preparation of the
conposition and the subseqlieatcagubsiitdonobft bbajm ONMDAREredn the trivalent
(b) the conposition is diluted by 10 to 80% prior to the addition of the
p- DVDAAC. 28etal psaldesiss fReClt hetlhpr edict phwsphozoneacoimpoupdodactAt 6HRd, 3 ng
bl endi ng an ueous solution of a Goup 8 trivalent netal salt, an acid
phosphor ous® cgﬁﬁiumﬁ%dﬂlﬂm adiumsnnmbrdaosyy chhpoideeis- BY, (OH),C1.

15. The composition of claim 14 wherein the volume of
FeCl, (about 40% active raw material in water) is 3 to 30 parts,
the volume of (Al (H,PO,), ® XH,0) (about 50 wt% in water) is 0.5
to 10 parts, and the volume of AL,(OH).Cl (about 50 wt% in water)

5 is 5 to 20 parts.

16. The composition of claim 15 wherein the volume of
FeCl, is 10 parts, the volume of (Al(H,PO,), e XH,0) is 3 parts,

and the volume of Al,(OH),Cl is 5 parts.

17. The composition of claim 2 wherein AlCl, is

utilized as the trivalent metal salt.

18. A composition having an aluminum-27 NMR peak at

ca. -26.2 ppm relative to aluminum oxide at 0 ppm.

19. The composition of <c¢laim 18 wherein the
composition is reaction product of iron(III)}) chloride,

monoaluminum phosphate and aluminum chlorohydrate.

\ -35-
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29. The process of claim 28 wherein the trivalent netal salt_is fi rign
bl ended wi t hW¥/4237d phosphor ous conpound, and the al um num 'ﬁ?f'ﬂpﬁg?fp
chloride is subsequently added thereto. 30. The process of claim 28 wherein

the trivalent netal ,gal tﬁggé%ﬁﬁséo@ﬁrﬁ?%nyhtehp%ﬁu@l:umfn {l@f}éd@w and

chloride, and the acid p orous ‘conpo I s“subsequent added t Rer et o.
31. The pL@c 0 ' | he trivalent netal salt is selected
fromthe éﬁo%%igoﬁgggglil%%gfv@gh FgIrl[rrl] Fe(S[err])[err], FeBr[err], and
Fe(NdJ err]) and m xtures thereof. 32. The process of claim28 wherein the
aci d phosphorous conpound is selected fromthe group consisting of

(Al (Herr]PJerr])[ear] [eer] Blémdr] &k, dlein PQerryhetrbenr] RBeer rdcid
NaH err] P err], Na[err]HPJ err], CHerr]C(OH)(PJerr]Herr]),

H er r] C=CoRoephcdbler chmpotideis] QRarn PG gre JXHPH. (NH err])[err]HPJ err],
NH err]HPO err], NH err]Herr]PJerr], K err]HPO err] 5 and

KH err]PQ err]. 33. The process of claim28 wherein the al um num hydr oxy
chloride is one of the formula Al[err]( [err]Cl[err] where y=0.11t0o 5
and z= 1 to 5.9. 3422The Theocosposititneh I3 alieeifirher gorprising Hhe 1

to 4.2. 35. The process of claim28 further conprising the
addition of CaCl, and EPI-DMA polyamine.

23. The composition of claim 2 further comprising the

addition of p-DMDAAC.

24. A composition comprising the reaction product of
a trivalent metal salt other than chromium salts, an acid

phosphorous compound, and an aluminum hydroxy chloride, where:

a. the trivalent metal salt is one or more of
5 the group of FeCl,, Fe(S0,),, FeBr, and Fe(NO),;
b. the acid phosphorous compound is selected

from the group consisting of (Al (H,PO,), ¢ XH,0), H;PO,, H;PO;,
NaH,PO, Na,HPO,, CH,C(OH) (PO;H,), H,C=CHP (0) (OH),, (CH,0,)P,(0)H,
(NH,) ,HPO,, NH,H,PO,, K,HPO, and KH,PO,; and

10 ¢. the aluminum hydroxy chloride is one of the

formula Al,(OH),Cl, where y= 1.8 to 5 and z=1 to 4.2.

25. The composition of claim 24 wherein the trivalent
metal salt is FeCl,, the acid phosphorous compound is (Al (H,PO,),

e XH,0), and the aluminum hydroxy chloride is Al,(OH).Cl.
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addi tion of Cag};g?grﬁ%?and Epi - DVA pol yam ne. -38- 36. The p %59,5){6,

claim28 furth I sing the addition of p-DVDAAC. 37. The oceSs o
claim 36 wherein the trivalent nmetal salt is FeC 3 (about 40% active raw

.material in water) in2g.VvorhaecstipokdtAaht 6f alglith R atiedelR0SBBOEPUGalent
conmpound is (AI(H[err]Pqerr])[err] [err] XH err]O (about 50 wt% in water)

~in a vol unemetaB galt sisSFeCl, t(a®ocaturDRuachydeoxywchhberilel i 5n water) in
Alferr](OH)[err]d (about 50 mﬂ@bin water) in a volume of 5 parts, and: (a)
. the Fed [era]volumk laff ad iparte, t bhd 04¢ i iphrosphotrhes pcempoaid ds dRAL(HEPO,) ,

"~ conposition and the subsequent addition of p-DVDAAC, or 10

(b) t he ceom¥dgDli(ehous &0 el by WGt )40D6 pai volumet e addipeingis, ofthene
p- DMDAAC. 38. The process of claim36 wherein the trivalent netal salt is
FeCl [&rr] (abouinuuohydreye chhoniderislAl {0/ ) (about o Uit ofn MaYRIT) s,
and the acid phosphorous conpound is c;fhosphori c acid (about 85 W% in

wat er) in aiRopuWelumezofapiRarts, an

(a) the FeCl, is diluted by 10 to 40% prior to
the preparation of the composition and the subsequent addition
of p-DMDAAC; or

10 (b) the composition is diluted by 10 to 40%

prior to the addition of the p-DMDAAC.

27. The composition of claim 23 wherein the trivalent

metal salt is FeCl, (about 40% active raw material in water) in

a volume of 10 parts, the acid phosphorous compound is

phosphoric acid (about 85 wt% in water) in a volume of 3 parts,

5 the aluminum hydroxy chloride is Al,(OH);Cl (about 50 wt% in
water) in a volume of 5 parts, and:

(a) the FeCl, is diluted by 10 to 80% prior to
the preparation of the composition and the subsequent addition
of the p-DMDAAC; or

10 (b) the composition is diluted by 10 to 80%

prior to the addition of the p-DMDAAC.

28, A process for the production of a reaction
product comprising blending an aqueous solution of a Group 8
trivalent metal salt, an acid phosphorous compound and an

aluminum hydroxy chloride.
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L



5 t he al um numsf/droxy chloride is AI[err](O—i)[err]CI (about 50 W% i n
water) in a f 5 parts, and: (a) the FeC[err] is dllu{’gguﬁgP’“fﬁnto
80% prior to the preparat|on of the conmposition and the subsequent addition

of the p-DVDAAC, or, The process of clali® 28 tmefémowe' QL4 v%l@ﬂtut ed
by 10 to 80% pri or tothe addition of the p-DVDAAC.

conposi ti garQf S@id efs GOyt Yithddwe warad e W&@%W&i&%é@dﬂiﬂ
process of claim 28. 40 A process for treating a solution conprising

cont act i ngndl hehe oémmﬂmmnydrmyetheetwe Beosudsezfudntd v sl tdiredfo.
claim?2. 41. A process for treating a solution conprising contacting the
solution with an effective anount of the product produced according to the
process of claim 28. 42. The process of claim40 wherein the solution is

sel ected fromthe 3PeupTheormsiandary of gdadmal28rasheneirr theurtixivysdlent
wast ewat er, wastewater containing netals, papernaking
metal salt is first blended with the aluminum hydroxy chloride,

and the acid phosphorous compound is subsequently added thereto.

31. The process of claim 28 wherein the trivalent
metal salt is selected from the group consisting of FeCl,,

Fe(S0,),;, FeBr,, and Fe(NO,) and mixtures thereof.

32. The process of claim 28 wherein the acid
phosphorous compound is selected from the group consisting of
(Al (H,P0,), ® XH,0), H,PO,, H,PO,, NaH,PO,, Na,HPO,, CH,C(OH) (PO,H,),
H,C=CHP (O) (OH),, (CH,0,)P,(0)H, (NH,),HPO,, NHHPO, NH,H,PO,, K,HPO,

5 and KH,PO,.

33. The process of claim 28 wherein the aluminum
hydroxy chloride is one of the formula Al,(OH),Cl, where y= 0.1

to 5 and z= 1 to 5.9.

34. The process of claim 33 wherein y= 1.8 to 5 and

z= 1 to 4.2.

35. The process of claim 28 further comprising the

addition of CaCl, and Epi-DMA.polyamine.
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wast ewat er, wafar ai ni ng organi ¢ conpounds, water containi ‘@
chem cal . corrpogjr? }sg,?iyywater cont ai ni ng bi ol ogi cal conpounds, ng F?%Wal
processi ng waste, ink containing solutions, raw surface water, oil/water

m xtures, colored sol3g) onshe Copbcd¥dSt6f BlaenabspragenshkrN@Gomprabing lthe
waste, raw nunicipal drinking water, water containing suspended solids,
wat er cont aadditgigraioff g{OMDAAGOl i ds, electrolytic primer coating )
wast ewat er and i ndustrial wastewater. 43. The process of claim4l wherein
the solution is selected fromthe group consisting of general wastewater,
muni ci pal wastewat er, wastewater containing netals, papernmaking wastewater,
wat er cont ai ni ng orgadil ¢ dBmpopndeessavér derimilf nghérein thenitgdlvalent
conpounds, water containing biological conpounds, -40- poul try
processi ng WRile 5811k ioMeflni fgbgst u49Hnact ivay raw Mmatenialerin platerdt én
m xtures, colored solutions, coal waste, mneral processing water, oily
wast e, raw dulPeVpRl U i AR RPpLkEerandatBe @SHCai PRIRPRAEIEhdeamBapRgs is

wat er cont aj.nj int 10 solids, electrolytic prinmer. coatin
wast ewat er Qﬁd{]’gﬁﬁﬁst? ixgzo) {about 50 wt% En water) in a volume of % parts,

5 the aluminum hydroxy chloride is Al,(OH);Cl (about 50 wt% in
water) in a volume of 5 parts, and:

(a) the FeCl, is diluted by 10 to 40% prior to
the preparation of the composition and the subsequent addition
of p-DMDAAC; or

10 (b) the composition is diluted by 10 to 40%

prior to the addition of the p-DMDAAC.

38. The process of claim 36 wherein the trivalent

metal salt is FeCl, (about 40% active raw material in water) in

a volume of 10 parts, and the acid phosphorous compound is

phosphoric acid (about 85 wt$% in water) in a volume of 3 parts,

5 the aluminum hydroxy chloride is Al,{(OH),Cl (about 50 wt% in
water) in a volume of 5 parts, and:

(a) the FeCl, is diluted by 10 to 80% prior to
the preparation of the composition and the subsequent addition
of the p-DMDAAC; or

10 (b) the composition is diluted by 10 to 80%

prior to the addition of the p-DMDAAC.
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wast ewater. 44. The grocess of claim40 wherein the product is utilized in
enhanced coag¥P2P#i7to reduce at least a portion of the totalPCEEIPPes2t
contam nants. 45. The process of claim4l wherein the product is utilized

in enhanced coagul atyopn tR edpesidliohedst it | Uinidey tol@l pPEGRRL C

cont am nant s.
produced according to the process of claim 28.

40. A process for treating a solution comprising
contacting the solution with an effective amount of the

composition of claim 2.

41. A process for treating a solution comprising
contacting the solution with an effective amount of the product

produced according to the process of claim 28.

42. The process of claim 40 wherein the solution is
selected from the group consisting of general wastewater,
municipal wastewater, wastewater containing metals, papermaking
wastewater, water containing organic compounds, water containing

5 chemical compounds, water containing biological compounds,
poultry processing waste, ink containing solutions, raw surface
water, oil/water mixtures, colored solutions, coal waste,
mineral processing water, oily waste, raw municipal drinking
water, water containing suspended solids, water containing paint

10 solids, electrolytic primer coating wastewater and industrial

wastewater.

43. The process of claim 41 wherein the solution is
selected from the group consisting of general wastewater,
municipal wastewater, wastewater containing metals, papermaking
wastewater, water containing organic compounds, water containing

5 chemical compounds, water containing biological compounds,
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- poultry processing waste, ink containing solutions, raw surface

water, oil/water mixtures, colored solutions, coal waste,
mineral processing water, oily waste, raw municipal drinking
water, water containing suspended solids, water containing paint
solids, electrolytic primer coating wastewater and industrial

wastewater.

44, The process of claim 40 wherein the product is
utilized in enhanced coagulation to reduce at least a portion of

the total organic contaminants.
45. The process of claim 41 wherein the product is

utilized in enhanced coagulation to reduce at least a portion of

the total organic contaminants.
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