DESCRI PTI ON CHELATI NG COVPOUND, AND METHOD OF USE OF,
POLY (2 - OCTADEC YLBUTANEDI OATE) AND THE CORRESPONDI NG
WABI0D07IBCLY (2 - OCTADECYL- BUTANEDI OATE) BACKGREUMDSIOBS/085122

THE I NVENTION Field of the Invention The present
invention relates to Poly (2 -Cctadecyl - But anedi oat e)
(and the correspondi ng aci&, Poly (2-Qctadecyl

But anedioic Acid) ) a r rticularly pertains to
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Description of the Prior Art

The use of chelating agents is known in the prior art.
More specifically, chelating agents previously devigsed and
utilized for the purpose of binding heavy metals are known to
consist bagically of familiar, expected, and obvious
structural configurations, and chemical compounds,
notwithstanding the myriad of designs encompassed Dby the
crowded prior art which has been developed for the fulfillment
of countless objectives and requirements.

By way of example, compounds used to remove heavy metals
from aqueous solutions can be clagsified in to two general
categories, heterogeneous and homogeneous. Heterogeneousg
materials are insoluble in water and are characterized by slow
binding kinetics and low adscorption capacities. Homogeneous
materials are soluble in water, have high binding kinetice and

relatively high adsorption capacities. For example, Geckeler



Pure ¢ Appl. Chem 52:1883-1905 (1980) . These authors
state that insoluble chelating resins have
weongidsnabl e di sadvant ages, such as reacti on PEI/US2008/085122
het er ogeneous phase and | ong contact tinmes. In
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Bhattacharyya D, et al. in US Patent 6544418, teaches
IERg (ion exchange resins), such as strong acid or weak acid
cationic exchangers, have been used extensively to recover
heavy metals and/or prepare high quality water. The typical
theoretical capacity of these IERs is five meg/gram. This
capacity is guite low. For Ni(II), a maximum uptake of only

0.15 grams of metal per gram of IER isg possible. Several

specific examples are given below.

Heterogeneous Separations

Chelating Resins

Park IH and Kim KM. authored Preparation of Chelating
Resins Containing a Pair of Neighboring Carboxylic Acid Groups

and the Adsorption Characteristics for Heavy Metal Iong. The



These authors reported adsorptivities of 0-52 ng netal

/ gramresmfor their malonic acid polyner. The resins
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, dependi ng upon the carboxylic acid content, of: 1 .

Pb(1l1) 17.71-52.21 2 . Hg(l]) 9.62-40.26 3 . Cu(ll)
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Bruening, RL, et al., disclosed in Internaticnal Patent
Application Number PCT/US92/02730 the production of chelating
polymers formed from polyalkylene-polyamine-polycarboxylic
acid ligands covalently bonded through a spacer group to a
gilicon atom and further covalently bonded to a solid support.

The above series of polymerg i1g different from that
described in the current invention for several reasons.

(1) The carboxylate or carboxylic acid functional groups
in the above series are not Ilocated on adjacent or nearly
adjacent carbon atoms in the polymer backbone.

2) The polymer backbone contains amine functionality.
The non-bonding electron pairs located on these nitrogen atoms
may contribute to the chelaticn ability of these polymers, and
will contribute to the three-dimensional conformation of the
polymer. Nitrogen atoms are not present in the polymer

described in the current invention.



attached to the pol yner backbone by pendent chains

containing at |east one carbon atom The carboxyl ate
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the current invention are directly attached to the

pol ynmer chain. (For the reggrted I mportance of pendent

chains as described in the literature see Yamaguchi
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determine the molecule or ion that will be chelated will allow
the user to decide which molecule or ion it wishes to have
chelated, leaving smaller or larger molecules or iong in the

golution.

Hydrogels

Katime I. and Rodriguez E., authored Absorption of Metal
Ions and Swelling Properties of Poly(Acrylic Acid - Co-
Itaconic Acid) Hydrogels in J. Mactomol. Sci. - Pure Appl.
Chem., A38(5&5), 543-558 (2001).

The above authors investigated the binding properties of
insoluble hydrogels and found the procegs to be very slow, as
polymer swelling for 100-1000 minutes 1is required prior to
metal adsorption. Additionally, the rate is limited by metal

diffusion inside the hydrogel and hydrogel-water interfacial



sul furic acid solution. |on-Exchange Menbrane Sengupta

S . and Sengupta AK. authored Characterizing a New
w@k@e®7361 Sor pti ve/ Desorptive | on Exchange MenPCHOSR08/085122

for Decontam nati on of Heavy-Metal -Laden Sl udges.

Their paper was published m Environ. Sci . Technol .

1993, 27, 2133-2140. The authors produced sel ective
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iminoacetate functional group.

In kinetic studies, Pb*’concentration went from 210 mg/L
to 125 mg/L in 450-500 minutes (about 8 hours) indicating that
this solid phase extraction is slow.

Bhattacharyya D, et al., in US Patent 6544418, described
a method to prepare and regenerate a composite polymer and
gsilica-based membrane. The researchers attached a polyamino
acid to the silica-based membrane by reacting a terminal amine
group of the polyamino acid with one of the epoxide groups on
the membrane.

Capacity of these membranes in g Pb/g regin are as

follows: poly-L-aspartic acid = 0.12;

poly-L-glutamic acid = 0.30.

These capacity levels are approximately 10 times
conventional ion-exchange / chelation sorbents. The authors
stated that the polyaminc acid functionalization 1is critical

for this effect. The Incubation time is about 1-2 hoursg.



for this effect. The Incubation time is about 1-2
hours.Filnms Philipp WH et al ., in US Patent
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Davis H, et al., 1in US Patent 3,872,001, developed a
porous film capable of zremoving heavy metal pollutants from
agqueous media. Reacted with the acid groups in the polymeric
film backbone is a chelate (such as EDTA), capable of forming
a complex with the heavy metal pollutants to be removed from
the agqueousg media.

The most preferred among the chelating agents is EDTA and
this procedure removed from 55-95% of mercury and cadmium from
the solution.

Biosorption

Davis TA, Volesky B, and Mucci A., in Water Research 37
(2003) 4311-4330, provide a review of the biochemistry of
heavy metal biosorption by brown algae.

Brown algae biomass is a reliable and predictable way to
remove Pb**, cu™, cd™ and Zn*® from aqueous solutions. This is
due 1in part to the specific structural conformations of
various polysaccharides in the algae. Without this specific

structural arrangement, binding would not occur.



due in part to the specific structural conformations
of various pol ysaccharides in the algae. Wthout this
W@ p@eificel st ruct ural arrangenent, bindi ng woul BCTU$2008/085122

occur. Specif ically, alginic acid or alginate, the

salt of alginic acid, is th; conmon nane given to the

famly of |inear polysaccharides containing 1,4
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S RO Se aci d Cont AT RS tuo A el 37 Py T Paked coRlthnte of
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The higher specificity of polyguluronic acid residues for
divalent metals 1is explained by its “zigzag” structure which
can accommodate the Ca'® (and other divalent cations) ion more
eagily. The alginates are thought to adopt an ordered
gsolution network, through inter-chain dimerization of the
polyguluronic sequences in the presence of calcium or other
divalent cations of similar size. The rod-like sghape of the
poly-L-guluronic sections results in an alignment of two chain
sections vielding an array of coordination sites, with
cavities suitable for calcium and other divalent cations
because they are lined with the carboxylate and other oxygen
atoms of G residues. This description is known as the “egg-
box” model.

With alginates, the preferential binding of heavier ions

was attributed to stereochemical effects, sgince larger ions



because they are lined with the carboxyl ate and ot her

oxygen atons of G residues. This description is known
wa@sowheedeggbox” nmodel . Wth al gi nates, the PCT/US2008/085122

preferential binding of heavier ions was attributed to

stereochem cal effects, since larger ionsmght better

fit a binding site wwth two distant functional groups.

. . Additionally, the key to binding_in alginates appears .
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Characterization, and Properties as Pol ychel at ogen,
publ i shing their work in J . Appl Polym Sci, 88 :

8-17 200 .. Wt er - sol ubl e pol yners (\WEP)
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of these polyners are their high solubility mwater,
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interest . Also taught is that polyelectrolytes nmay be
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Water-soluble polymers (WSP) containing ligands at the

main or side chains have been investigated for the removal of
metal ions in the homogeneous phase. These chelating polymers
are termed polychelatogens. The authors state that among the
most important requirements for technological aspects of these
polymers are their high sclubility in water, easy and cheap
route of synthesis, and adequate mwolecular weight and
molecular weight distribution, chemical stability, high
affinity for one or more metal ions, and the sgelectivity for
the metal ion of interest.

Also taught is that polyelectrolytes may be distinguished
from chelating polymers. The former have charged groups, or
easily ilonizable groups in aqueous golution, while the latter
bears functional groups with the ability to form coordination
bonds.

Membrane filtration processes can be successfully used

for the separation of inorganic gpecies and for their



fromchel ati ng pol yners. The fornmer have charged
groups, or easily lonizable groups m aqueous sol ution,
wokioke7ishe | atter bears functional groups w t hP@T1ES2008/085122

ability to form coordinati on bonds . Menbrane

filtration processes can be successfully used for the

separation of inorganic species and for
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single electrolyte (in excess) on the charge of the polyion.

By decreasing the single electrolyte concentration (.01M
NaNOs) , the behavicr changes sharply (45-90% retention

depending upon the ion).

Smith, et al., in US Patent 5766478, reported a water
soluble polymer capable of binding with the target metal,
where a polymer metal complex 1is formed and separated by
ultrafiltration.

All polymers thus formed contained nitrogen functional
groups or were crown ether derivatives. These polymers

demonstrated a 30 minute incubation time.
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Hrom or*@1 of’ the above ions except for
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ion-exchange / chelation sorbents. Authors state that the
polyamino acid functiconalization is critical for this effect.

Rivas BL, Pooley SA, Soto M, Aturana HA, Geckeler KE
authored Poly (N,N’-dimethylacrylamide-co-acrylic acid) :
Synthesis, Characterization, and Application for the Removal
and Separation of Inorganic Ions in Agueous Solution,
published in J. Appl Polym Sci 67: 93-100 (1998)

The authors indicate that the polyamino group is a better
chelator than the ©polycarboxylic acid group, in that
incorporation of amide functicnality dinto a soluble poly
carboxylic acid improved ion retention to 88-90% (from 60-70%)
for all of the above ions except for Pb(II), which stayed at
50%.

W.F. McDonald, 1in US Patent # 6495657, disclosed that
polyamides are preferred over polycarboxylic acids for the
binding of heavy metals. Polyamides are effective heavy metal
catalysts because of the two-dimensional structure of the

backbone. Amides are known to exist in a partial double bond
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In the polymers based on carboxylic acids produced by
polymerizing a monomer of maleic acid or acrylic acid, a
carboxyl group bonds directly to the main chain, and for this
reason, the main chain inhibits free rotation of the carboxyl
group. Thus, such polymers based on carboxylic acids render
unsatisfactory ability in capturing metal i1ons, especially
heavy metal ions. The authors found a polymer having the
desired structure that 1is soluble in water and has a high
ability to capture heavy metal ions. The monomer has a
molecular structure having a plurality of carboxyl groups
bonded away from the double bond. Accordingly, the polymer
has a molecular structure including a plurality of carboxyl
groups which are not directly bonded to the main chain, and
for this reason, free rotation of carboxyl groups i1sg not

inhibited by the main chain. Thus, the polymer is soluble in
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heavy metal ions than those wi thout spacers, and the
grouppt efvals Beédveepobyparr &Rchkdoghbor i nghdderaehagly, both

cazs 5083, 1ot eGD 8120, SO AOLLSLL O] SLLEEL Vet resins
withcapacitd esndf schelatd ngendans conladmimg gavhexyliere more
acceggiéae for the adsorption of heavy metal iong than those
without spacers, and the 1intervals Dbetween a pair of
neighboring chelating groups had been also contreolled for the
effective adsorption of heavy metal ions. The adscrption
capacities of chelating resins containing carboxylic acid
groups toward heavy metal ions are generally low. The
authors report optimal adsorption capacities of 18-52 mg/g for
their poly carboxylic acids. This 1is significantly less than
the 290 mg/g observed for the invented polymer.

Davis TA. Volesgky B. and Mucci A. authored A Review of
the Biochemistry of Heavy Metal Biosorption by Brown Algae,
published in Water Research 37 (2003) 4311-4330. The authors
state that the three-dimensiocnal conformation of the chelator
ig important. The authors also state that functional groups

responsible for the chelation should preferably be distant



groups toward heavy netal ions are generally |low The

aut hors report optinmal adsorption capacities of 18-52
waorguog/ofen1 t heir poly carboxylic acids. This i SPCT/US2008/085122

significantly less than the 290 ng/g observed for the

i nvented pol yner. Davis TAj3Volesky B . and Micci A .

aut hored A Review of the Biochem stry of Heavy Met al

Bi r o]
ron B D, Y o SR D R 8y By acia
re81d¢Esthkﬁe dhnemsnanahe@@h£0hmate&plaﬁnbhe ehelator “izsgzag”
nportant. The authors also state that functiona

StrU%%%sWPégBoﬁﬁrm LCEIFPARE B et st | i sn(&]ﬂdd Priater dplglent
Catlcpr?s)m %1%%&@%3@9%9 ot hefe Jfg%rmtg@oera epeéhéh&hEYth adopt

pol yguluronic acid fesidues for divalent netals
an Oedpradn@alby pnsﬂemwyﬁﬁf St roetiur enhirehhean dlmerlzatlon
othergﬁlvalent catio

o <fE RN TR A HALEY ar'e PROUGNEEE aoRt GhLCIm o

othe@hﬂﬁ@ﬁeﬁ@ @iﬁﬁh@e&ﬂvoékmlwfogghel ntehechabnlike shape of
di meri zation o f the pol ygul uronic sequences in the
the ppe¥ehceUolrenlei GREGECTERSTEH NG eht &t idigment of two

chalé'gébéﬁoﬁéz?leIﬁgn(xgﬂ'§§r§2a8%(Hogﬁgin tion Slte? with

poly-L-guluronic s ctlons results 1n an alignnent o
cavittivws chaiitseet i dv yicelldiing: amrar r @y hefr cdowd&ﬁatlonations

site with cavities suit e fo caIC|un1an
becagie SPhat' baer el ThEy GrBTNE SR | el oxygen
atom<£abboxry lrala dakd .ot hﬂﬁl@X&lQQBrab@ﬂ’énOflsGHrﬁﬁ\hﬂL@é?- tHBI Segg-
description is known as the "eggbox" nodel. Wth

box” angidedt-es, VhBNpret@tBAERal biili My ofcummisdr Pdmsling of
heaVJY@LS ?EBE' ?)‘é%sedatt@r @J@&Clegmsct%lregcfh%%lﬁﬁls'Qf:feé@:g geglnce

I ons m gh etter t a binding site wth two dis
1argémnr@h@h&hggto@asteﬁankmi - #. bRhdeéngd siMe, wmthumg,dYstant
aut hored Synthesis and Heavy Metal 1on
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Goptiai nipg Rhesphongs andatar boxyl, i o7 Al daFRMPSs Synthesis
publ i shed mD e An ewandt e Makronol ekul are Cheni e

and {lga9y) Mpral3z4flon TheésauPhorstyt atfe Mearordiel adbor pfhehating
Re31ﬁgN|b$Mt§Inlng Phosphono and Carboxylic Acid Groups,

published in Die Angewandte Makromolekulare Chemie (1999) 27-
34. The authors state that the adsorption ability of
chelating resins containing only carboxylic acid groups toward
heavy metals wasgs very low. As a result, wvarious improved
resins containing dithiocarbamates, aminomethyl phosgphoric
acid groups, amidooximes, imidazoles, mercaptoamines,
diphosphonates, and phosphono groups have been prepared.
Adsorption capacities for these improved resinsg were still
very low, only averaging about 2 mg/g resin. (By comparison,
the polymer described in this 1invention had adsorption
capacities 150 times greater.)

In summary, the characteristice of this polymer are not
predicted by the literature and, as such, the use of the

polymer to carry out chelation in the manner described, is
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usable compounds for binding and removing heavy metals from a
solution.

Therefore, 1t can be appreciated that there exists a
continuing need for new and improved Chelating Compounds, and
Method of Use of Poly(2-Octadecyl-Butanediocate) and Poly(2-
Octadecyl-Butanedioic Acid) which c¢an be used in a re-usable
fashion for binding and removing heavy metals from a sclution.
In this regard, the present invention substantially fulfills

this need.

SUMMARY OF THE INVENTION
Poly{(2-octadecyl-butanediocate) and Polv(2-octadecyl-
butane-dioic acid), prepared from polyanhydride PA-18 or other
preparative means as would be evident to those gkilled in the

art, possess novel heavy metal adsorption characteristics.
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groups provides for a relatively large pH range for
geparations. Most sorbents releage hydrogen ions upon metal
chelation, constantly altering the pH of the sclution. This
tends to limit both the kinetics (speed) of the sorpticn
reaction and the capacity o©of the sgorbant. Chelation is not
altered by high sodium ion concentration. The compound can be
used in applications involving brine sclutions, sea water, and
urine. Many sorbants can not be used under solutiong having a
high sodium ion content. Heavy metal chelation can be
accomplished in solutions with high calcium ion
concentrations. The disclogsed compound can be used in
applications involving hard water. Because of the lower
hydration energy associated with the c¢alcium ion, when
compared to heavy metals, almost all other sorbents
preferentially bind calcium 1ons. This limits both the

capacity and the utility of these sorbents.
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facilitates the ease of separation from aqueous solution. The

polymers provide specific, selective, and fast complexation of
heavy and other metal ions as well as demonstrating
reusability of the chelating polymeric ligands.

Comparison cf Adsorption Capacities
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Themeer al pottertdmigeusesist hat are dsgheficial . The -
polpotyaers nmay be used for purification of drinking

water, for treatnment or isolation of hazardous waste,

Banar@N i purHfteaaideor s groundwat ey The pol yner $;may
al so be used as a treatnent of industrial discharge

rin 0D T Elasedao,he enviropmgnt, or use as,

dlng agents f paints to netal “surfaces. The
Sporoﬂgi enln @eterogeneous 8.52 272
XAD-4 Heterogeneous 12.2 10
Copolymer
Resin
Macroreticula Heterogeneous 2.05 23

r Regins

Sargassum sp. Heterogeneous 244 5
Polyethylenei Homogeneous 120-470 24
mine

The polymers, herein described, have several potential
uges that are beneficial. The polymers may be used for
purification of drinking water, for treatment or iscolation of
hazardous waste, and for purification of groundwater. The
polymers may also Dbe used as a treatment of industrial
discharge prior to release into the environment, or use as
binding agents for paints to metal surfaces. The polymers may
have use as chelating drugs to treat heavy metal / metal
toxicity, and in mining operations to increage the isolation
yield of metals found in low concentration.

In view of the foregoing disadvantages inherent in the

known types of chelating agents now present in the prior art,



have use as chelating drugs to treat heavy netal /
nmetal toxicity, and m mning operations o increase the

wo swbaticon yield of netals found in | ow concenPCHUSING/085122
In view of the foregoing di sadvantages inherent in the
known types of chelating ag §nts now present mthe
prior art,the present invention provides inproved

the DOgPatbOg BTN Bar B era Bergved Cit1dfidy {Bompounds,

and (ZefBt@desy! - Byleanesli oi coA¢igtdctadeSysUCE ahd®icate) and
ol ((kg?eneral pur pose of the present i nvention, which wll
oly

d y Afigreat er Aget §|UIChf| sti’l@ general

purp%?\élog o? %ggla%p%km ?l\(’%%(gcg{%gllﬂ:wﬁg%ut ane oat e) gesarlbed

subsacepie}nt(lgﬂ OatnadgarwatBtwt adedboil¢c Acs d)tcanci):aav‘ﬁ&tmom whiegh and

al he advant ages of the prl or art and_none of
lmprc%‘?‘?éi di- g‘&&i%ﬁ?&gegomg%uﬁgt ai 4 hf)%e B?es‘éﬁﬁ of  Poly(2-

0ctadert\§@n1}3&%rﬁe%ﬁ%@ﬂé| Ié/n&Oﬁmw@SO@tgile& 119G 898Moic Acid)
onpri sing a polyner backbone. The backbone is a water

and a neviusl erhiyidriophobl £, tad | phaticapot yaer tsernctareart and
none Otkedt%eardesa%a%oc é_%rg carboxyl ate groups or carboxylic

gr oups per eating unit that are directly bound
tI» t herpolymeriackboriee Therechas thusedeem outkkssrdially
r at her broadl , the nore inportant features of the

ComPLiRfgnt Porf kFﬁjo‘"f“'olje‘ilgt [t he CABPAT PelSdes c AP  backbone.

The hekeshet hat fol I \pynseay he hedter w %%qcandaMphatlc
order that the present contribution e art may be

polynset tdrrapgpreci atBterdhere ave, seﬁlmuceeboaﬁldat@ opapups or
feat.ures of the invention tha descri bed
carb SR Fe 0 SREER Rt ErEParAl P Sl SUE it ter aFectLy
bound h® o B 1ghicaachedkdaond.hi s respect, before
expl ai n| ng at | east one enbodinent of the invention in
9, h#E it&uso brerinderdia6d t hattitle PH?EALYon Gl more

1mpofggnﬂ'ﬂ8§€ﬂ}é§'5§ app!l { 6aL i 0n{ 0 ﬁh§r§§£a%ﬂ§toéhe detailed

construction and to tne arr angenent s
description thereof that follows may be better understood and

in order that the present contribution to the art may be
better appreciated. There are, of course, additional features
of the invention that will be described hereinafter and which
will form the subject matter of the claimg attached.

In this respect, before explaining at least one
embodiment of the invention in detail, it is to be understood
that the invention 1s not limited in its application to the
details of construction and to the arrangements of the
components set forth in the following description or
illustrated in the drawings. The invention is capable of
other embodiments and of being practiced and carried out in
various ways. Also, 1t 1is to be understocod that the
phraseology and terminology employed herein are for the
purpose of descriptions and chould not be regarded as

limiting.



conponents set forth mthe follow ng description or

illustrated mthe drawi ngs. The invention is capable
w@Rooontssn1 enbodi nents and of being practiced apdI/US2008/085122

carried out mvarious ways. Also, it is to be

understood that the phraseghogy and termn nol ogy

enployed herein are for the purpose of descriptions

dsho not be re ed as limti such, those
|F88 n e %klgﬁ?gaﬁﬁretcl?eat Sr h%fl]ﬁﬁ Sppreciate” that
the C:Qﬁfc&ﬂidl&m Up@drWhiveh chhi 8hdkSCcd oSt €siiSe based ba®Y, wmay
readily be utilized as a basis for the designing of
readptheref ot il BEFdn$S add h?e@tlr?od@rort%r @?ﬁﬁ@néi}ﬂ thle other

form&fé’te{&{s purposes af pbhg preegent. Ca} daial %On but t several

nportant, therefore, that the e regar e as
purp@$m$ud®ﬁg seh egeseatentnfentibati ons i Asof as asmpheyant,

art romthe s Hr it and scope of the _present
therg iy che T RAPSTer ePhin ThjEEistr The igrdgenta  such

equlwém%ﬂﬁlﬁ&kﬁ&léﬂi&ﬂﬁelﬁ§MféﬁdaéW@E@YegochgkaHEﬁgrt from the
Conpounds, and Method of Use of P

spir{p-and sems Q§Hﬁhﬁxﬁﬁﬁﬂ%§taWWﬂﬂﬂ%qu Oct adecyl -
aggdlﬁ{e%eﬁ% \Qpﬂ Cc!;'bJ; % Otf ég :é%%f\é%@t aﬁ%?‘er%lon to

e prior art chel ating gents an&hn
provrﬁiesadeantaagﬂes:metovedarmtdiL@rtm@] ectmpdutbde, pleeasiermethod of

Use C%agnEhgg to rOV|d§dpeM/andlgggﬁgve%ﬁ%hel Q% detadecyl -

ButafetFtadecyd) Bt anedioat )1 apd Eﬁéyaéaageagee%k the prior
But anedi oi ¢ ACId) whi ch may be easily and efficiently

art QA EdiUrestErentd avet Keaesd o ttlhiss c’fﬂ{ﬁatdﬁ@rntcﬁge@t:t of the

DLESSE! UEDLIGO,L8.PLO IS I | I BUEEL, o provice

new @adCcimgsiecydd Bohanedinat ejompsluRd y 624- @u:ettad.&cybf Use of
ut anedi oi ¢ Acid) which is easily reproduced. An

POlYé%nqqﬂﬁ deshf e G a e Frsent | nveRti on | $OHY ¢ 5ngFa@ecyl-
But afley &nd 'ﬂ@f@yedvghﬁﬁ@t'ﬂQ&CbEQOUQgéﬂjgnd &@&hogf@ﬁc1ently

manufactured and marketed.

It is further object of the present invention to provide
new and improved Chelating Compounds, and Method of Use of
Poly (2-Octadecyl-Butanediocate) and Poly (2-Octadecyl-
Butanedioic Acid) which is easily reproduced.

An even further object of the present invention is to
provide new and improved Chelating Compounds, and Method of
Use of Poly(2-Octadecyl-Butanedioate) and Poly(2-Octadecyl-
Butanedioic Acid) which is susceptible of a low cost of
manufacture with regard to both materials and labor, and which
accordingly is then susceptible of low prices of sgale to the
consuming public, thereby making such Chelating Compounds, and
Method of Use of Poly(2-Octadecyl- Butanediocate) and Poly(2-
Octadecyl-Butanedioic Acid) economically available to the

buying public.



Use of Poly (2-Cctadecyl -Butanedioate) and Poly
(2-0Oct adecyl - Butanedi oi c Acid) which is susceptible
w@Roog/ov3sm cost of manufacture with regard to bpeTUS2008/085122
materials and | abor, and which accordingly is then
susceptible of low prices ofy sale to the consumni ng
public, thereby making such Chel ati ng Conpounds, and
t hod _of e of Poly. (2 -Cct cyl - But anedi oate) and
POT o 55 bt SBLYFY. BV A R By “Econontdanyol s to
provayai |@ e dind hechyyungispubbhe. Bwemsd i ldr apgkhess poly (2-
obj ect of the present invention is to provide Chel at _
OctafgCronPobmaadiame MetRed Pof Vge Osf 2By L Brtepeddedyl Acid)
t di oat e) _.an - - i oLe JACI ;
o O e 1 T e P AT GT R v in
heavyenmovahg. heavy netals. Lastly, it is an object of the

present invention to provide new and i nproved _

SStRotd Hevi G oRigl 47T pr GPer £18s BRESBer ng BETE 1 ©O
proviger egeneraf ed sfyom @ndgbgb@aed cSRIgHIRN, @Mfw%ng chelation

re-use of the conmpound. These together w th other
propebi et s apfl thrlichvehtforre drongenrrhrehedvdriausa chelated

_ ur f. novelt ' i ze the invention,
SOlu%f%rlbo%%%cgwdng%tP%\d%%%%?ﬁ%%%%%%t he cl ai s

annexedt tgeanelr fof th ngt Aepavbjettthbs dhecliosvheiohor along

.. a_better ,under%t andi ng of _the igventi on, its operating

WIEH o §PEnt Gy Hhd T EREVEBECITT cPOBf eEY s MAHAl nelibycieslze the

inveMSESy, I ef-er encashoubdebe,had bortheuageorpanyi Nghe claims
drawi ngs and descriptive matter in which there is

annex¢q usr aped prefEmedaenpodi meat stbist kel dahentdecon. For a
| EF |_PT{. CF _THE Wl\l(%i The. i.nvent.i.on w || .

bett%g bet e%gl?r? érl%oodognd ggjéect% o?rﬁ%lror%han tHose °8&Fat1ng

advarltoaddre akove whel desontiapparendtwhenteonsddebat ik | Sises,

1%ﬂ:en to the follow ng detail ed description thereof.
refeGREF deStP it | 6F maREs Fef etdfic @ 1@ M BHIkxsFawings and

descriptive matter in which there ig illustrated preferred

embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood and objects other
than those set forth above will Dbecome apparent when
consideration is given to the following detailed description
thereof. Such description makes reference to the annexed
drawings wherein:

Figure 1 1s a drawing of the compound, showing the
pertinent structure and formula.

Figure 2 is a drawing of Alternate Synthesis of 2-
OCctadecyl-Butanedioic Acid Analogs.

DESCRIPTION OF THE PREFERRED EMBODIMENT

With reference now to the drawings, and in particular to

Figure 1 thereof, the preferred embodiment of the new and

improved Chelating Compound, and Method of Use of Poly(2-



draw ngs wherein: Figure 1 is a drawi ng of the

conpound, showi ng the pertinent structure and fornul a.
wo2@unesel1 i s a drawi ng of Alternate Synthesis BET/ES2008/085122

Oct adecyl - But anedi oi ¢ Acid Anal ogs. DESCRI PTI ON OF THE

PREFERRED EMBODI MENT Wt h keference now to the

drawi ngs, and mparticular to Figure 1 thereof t he

Octa@%h%oz%eganggg%%gggg Of thz mép$¥ %de§¥§c§éing
concéﬁF£bbadeﬁﬁﬁﬁﬁﬁdﬁﬂﬂﬂiﬁﬁéhtmﬁ@dawm?g@ﬂEQQYLﬁngB@gnated by

principles and concepts of the present invention and
the 'g"erteﬁferw desTyrrat eaobwtlrﬂe pef éﬁf@%hﬁﬂm alSirpgistically

stat@@ d@ﬁ%erQ9me§'%@ﬂé?ﬂ‘ﬁ%éé& m%f%%&@l ﬁurallty of

erein déscribed conprises a p ura reactive
reacgrwepgrObpsngbeamgoxyrhoesletesapboxwkboxadud @madpgroups.
he reactlv roup is i ect | ded to th car.bo
The YUERbORE. SR I R eSO TS ConnariD et bone
syt hegisial s @rcemmﬁlry/ awidalde,, pfevi eMs! ¥ynthesis, is
descri bed conponent. The prinmary conponent may be

copfspeied 2838 1Pl Bws: prlevmh%ltpom?@é:rrew atempgnent . The

anhyd p de . The
prlm%% yan dﬂ%ggeﬁ¥§l%$$%%%ﬂgﬁﬁg a process that I's

dbscTh@epobmdaﬂbexybsed in PBoRatedt fAppl tkat icomrr#sponding
ued t

6, zen and | man,
pdyae[?'ltﬁ’%b(ge " Pr o %%s 12 Y%%@%pbﬁy%ﬁ%ﬁb @ process
that ankydidder ane agnal | phad 1 Ssah efibn havicag hrom d@éltc%é&n #

carbon atons."” 2 . The pol ycarboxylate is pro
3/ 56¢ rom t hé SpoleflantydiSi-de byaehe fald oW Ag piockthmre: engitled

w y A-_ 18 IS v

reoSA% o (Roratbionndde Poctogaie, Saolyssidn 2

aliphaetabdlcmlefnmthmetngs ﬂzmmhe]da ﬂchelaol-cbadm.tstae:dant@ B to
6.5, and vacuumfiltered. -The solid polyner is washed

i th col d¥hal RAWPAIATHREE et harisl  akdodicsd undepm  the

polyM3eHUM de by the following procedure:

10 grams of the polyanhydride PA-18 are dissolved in 200
ml of 4M NaOH and stirred at 85° C for 2 hours. The reaction
mixture is cooled, the pH adjusted to 6 to 6.5, and wvacuum
filtered. The solid polymer is washed with c¢old analytical
grade methanol and dried under vacuum.

There are other methods to produce the polycarboxylate.
One method is to produce the polyester. Subsequent hydrolysgis
of the polyester would produce the polycarboxylate. These
reaction schemes would be obvious to someone skilled in the
art of organic synthesis or polymer synthesgis.

The polycarboxylate has two different binding site
populations. The reactive groups in the repeating unit are two
carbons apart, while the reactive groups between the repeating
units are four carbons apart. There 1is direct experimental
evidence that these two binding sites have different mwmetal

chelation affinities. A number of different polycarboxylate



There are other nethods to produce the
pol ycar boxyl ate. One nethod is to produce the
w@eiogesicer . Subsequent hydrol ysis of the pol yeRBCEDS2008/085122
woul d produce the pol ycarboxyl ate. These reaction
schenmes woul d be obvxous tgzsoneone skilled mthe art
of organic synthesis or polyner synthesis. The
ol ycar boxyl] at e_has t di.fferent binding sit
poly %%%Ia??gnsLeThgr?éﬁg? velaroﬁgésinwﬁﬁé repéﬁgﬁﬁﬁﬁmﬂﬁylate
polyiakes t worEar bepstapar rowpkl ent Reer eagth¥engr QURS 4 carbons
between the repeating units are four carbons apart.
apartrthepd PetHpeecttheéxpEramntd wvitdentecaRagns hepartwend the
i,.ndi it diftere el at | or
Corréﬁé§%§??is.gi}gﬂﬁgerhg%%diE%e?S%?hIﬁB 2hd" 8 (between),
resppot ycal hoxodrat gpokyners 1yayfbenproduceidemm t hios, -wayvalently
Pol ycar boxy| ate polynmers with reactive groups in the .
bond @by nar BHEES 4" QB BoRS  ab i 1GR “BECARGR LRe Y Ca1loring
the PpEPEAELNGINFLS BhEaLECBS APafhe apdrbne CRr r&sPoRdbhAges to
olymer with 6 SMAthln) and 8 (between) , respectively
chelaam- pbeatianbylyor m¥er ansfeft IvonSconpal entdty bendsdached
LN . e ca h ecificjty al lori.n
£o t%%eqﬁ%¥§%§%§t% if&iﬂg%gi?g%%fggﬁebﬁefétﬁéﬁééwﬁp adj%cent
carbahoasesst 0 chel ake.pdAddittliconahdy, thike polnedet | ¥eain, being
roups  must fe attached to_the backbone and do not ,
flex ' t ¢ She?BLEadiedS T ddfdcemte cBRbBA  atloiRt ey pehancing
cheld0ssi bl e that the polynmer chain, being flexible, is
able to surround the netal, thereby enhancing
chel ation. FIGURES Figure 1 shows the formof Poly
(2- oct adecyl - but anedi oi ' showi ng two potentia
binding sites. Figure 17i's the first configuration of
tthiencosrpeunthows gune Zornshofs ranyAbternatiecSynbheshsdioic
. _of 2-Cctadecyl - Butanedioj¢c Acid Anal ogs water ‘
aCldka§%§%€9 L viso| §REHoMdt aPéndr NPolsi¢&ooxyFiiguaei ¢ 1s the

first configuration of the compound.
Figure 2. shows an Alternate Synthesis of 2-Octadecyl-

Butanedioic Acid Analogs

water
Polyester > Polycarboxylate or Polycarboxylic acid
heat
base or acid

Figure 2 is a second configuration of the compound.

In the above reaction sequence, R in both the reactants
and products would be an aliphatic organic group, such as
methyl or ethyl, making both the reactants and products
esters. The product above could be further modified by
hydrolysis of the ester in either basic or acidic media to
produce the polycarboxylate or polycarboxylic acid,
respectively. In the case o¢f hydrolysis in basic media, if

sodium hydroxide is used, the sodium salt of the



heat base or acid Figure 2 is a second configuration
of the conpound. In the above reaction sequence, R m
whoeib/otsel r eact ants and products woul d be an aPCPHsi00£085122
organi c group, such as nethyl or ethyl, making both
the reactants and products,gesters. The product above
could be further nodified by hydrolysis of the ester m
i t.her | c .or_ acjdic ia r.od e . . .
pOIYé%ﬁ%%%%g%ééla(%1OS&%%C&z&%bo§§?wgdacF%?N%QSpeéﬁKﬁﬁﬁfe' =
potaddide gpseoniddydtol ysisdj n basi cpoedsaiumf saltunmcf the
hydr oxi de is used, the sodium salt_ of _
POoly ¢SS Dok glat®lilon Mothd beRTErmed { ReRg+)does an acid
cataly K8 S&cdf PRLASS] pm bydroxide is ugeds thE the second
pot assi um salt of the polycarboxylate 1on would result
react{RaK+)above) onettoes dmeacimblgateatyzed igst excid would be
dhyq%oh¥3%§ (acid is used in the second reaction above)
Prodtlc§hen*the pol ycarboxylic acid woul d be produced (R=H)
In | BhkBeseppDyees s, e earbexyhates osrcarhoxuiiGe acid
acid groups are_ separated by O to 8 carbon atons .
grougs} el P F Ot MRt CHE at i mat st pt i on
experinments were conducted by addi ng 0. 0500 grans of
the insol uble poly (2-octadecyl -butanedi oate) or Poly
Hr2 cegetrad oyl Mapednétiediac iaci d) to 5.0 nl of a netal
ion_primry solution. The heterogeneous m xtures,.form
B2t SR GiRtary Tbl T O M S i i VAt a7 180 PRrihe 520500
gram®dC £0r et 0 Hi:dMuBILLS. be@eg@@mé& BobutaQAdiSate) or
then gravit filtered..T%e fi|tered so?ution IS then _
Poly 3@ tofdamtal Py oHsedITHe pafyfdnettal Poh &8npPexaj gnetal ion
o falt o) in e ilter. c i Qi
P AT and st B Ter e T hs Y B scedtfent gocondary

solutRepovendMetral dohtdtradin RPol yirsdr Aowsi ghi fAxamt advantsages 60
of usinghthe herej n descIibed

minutes. e gecondary solution is then gravity filtered.

The filtered soclution 1is then free of metal ions. The
poly/metal ion complex is filtered out in the form of filter
cakes containing the polymer and adsorbed metal ions.

Procedure to Recover Metal Ion from Polymer

A sgignificant advantage of wusing the herein described
polymer for metal chelation is that the polymer is recoverable
after binding with the metal within a solution. By
recoverable 18 meant that the polymer can then be processed
and separated from the chelated metal, so that the polymer can
then again be used to chelate a metal containing solution.
Such recoverability means less overall cost, and less
environmental impact, as by separating the polymer from the
metal chelated structure, the metal 1is left, to be processed
and recycled. Rather than filling landfills, the use of the
polymer in the herein described method will allow a once
hazardous substance to become a utilitarian substance and is a

gsource of the metal ion.



pol ymer for nmetal chelation is that the polyner is
recoverable after binding wwth the netal within a
w@oian7sm By recoverable is meant that the poP@IES2008085122

then be processed and separated fromthe chel ated

metal, so that the polyner,gan then again be used to

chel ate a netal containing solution. Such

feooverability Jpans Jess overall gost, and less .

envi ronnent al i npact’,-As By separ afiig Tt heé P Smer
filcf4omid he set abecheliabad stowet ur eshd hesoei@l Esiteft, cakes

to be processed and recycled. Rather than filling
contaihgtq | F8S PREVIISE ofRd hadperyfer ek atthel ¢t ef e suspended

in adesarjed wethad wikLnal | ow, acgace, rde%lserﬁyé?émgﬁ@ the
to become a utilitarian substance 'and Is a source o
diluttdheaareti abolwoni Jheipr ecéssnfiorireeover YHN®; fuEbeution. The
ect. After filtration, as descri bed above,

di } f t
neteidaifioudy bo kbt S T AR O D e e et ISty rom

for BBt alidAnRs are 1sespendste mia didi egagi desoliytiic@ed. N The
. the preferred enbodi nent the dilute acid solutionis a
filtoape ¢ene> Hes dtPrNeR)esBRufeeRl Tied hetkridgengebsd that is
Xt jIr t proxi el. 50 for :
rerotd ree = ThE S BT AR U (T ephl e on
compXax t raTkecontans trie: alqueons spetial ohorraand-Hdre sel kdeated
... that js renoyed contains the poly, no |onger. ma poly
with ) Sl uten GOl ok> THESGUEOUSS Mot AT i Sol derpnott  of
soluttdh t hearbe-ddweatiety Wwokh cdedi heit £1 base to phreci Pitdd€e cake
the metal ion out of solution, for recycling of the
contaigtigly g ThRECTRredr PeakBeEonPal MY t el edostered reused

. o] S oTo! e e chel ati on
toa BC?lo%iérEgllroen fsl%aé%%%rfege% EIb:‘:%l %ﬁ%%gﬁgeg}gmggpaci ties of
Dhies tand:aqtshert iadsasbertiss 4 saheéd Qfspobynes, t Bhe ratio

| ution needs to be fairly constant . The polymer to

s
of pggp’ﬁ‘{sffont? at it et hofedsT, “De Jrar F84THY a-Pact Rt of The
polyﬁﬂ%ﬂgozgghugfgﬁngﬁegougﬁﬁ,tﬂ%w@%@%,'ngééggégnﬁgééoﬁactor

of the solution, and still achieve optinmmresul
of alppgp 200, depending upon the metal ion concentration of
the solution, and still achieve optimum results. Also
variable is the shaking speed. While the preferred embodiment
of the method uses a shaking speed of 150 revolutions per
minute, the shaking speed may be varied from a few revolutions
per minute to six hundred revolutions per minute.

Chelation purposes are uses such ag, purification of
drinking water, treatment or isolation of hazardous waste,
purification of groundwater, the treatment of industrial
discharge prior to release into the environment, as a binding
agent for paints to metal surfaces, as a drug to treat heavy
metal / metal toxicity, and as used in mining operations to
increase the isolation vyield of metals found in low
concentratiocn.

It should be noted that filtration may take place by

ugse of a cclumnar filtering apparatus, in which the solution



vari able is the shaking speed. While the preferred
enbodi nent of the nethod uses a shaki ng speed of 150

WO emolotdedbns per m nute, the shaking speed mayPGEUS2008/085122
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hundred revol utions per mpyte. Chelation purposes are
uses such as, purification of drinking water,
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oxi ity Yo tian .
e N e e At
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t ake place by use of a columar filtering apparatus, m
PrOCGET ch the sol utionis passed through a filtering nedi um
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_ context of this discussion and the clainms will nean
inveryk®ton FPft eFRAG afdeBllunmsr falPRarsHy. fhoaddribponabove

filteni th [ QJuyon .and »
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the manigs q@f ocesse .adl soperd themanner of wmsagelsahd
peration of the resegto i nventian, .the same shoul.d be

rEREPF T om-Phe- HbotBYes & Ftiai * CRe cardi nglty, o tO be

realfxdd hehadi SCUSSHRR ihRhat d N O &gl Meanek iehsusage ahd the
operation wll be provided. Wth respect to the above

partylesefi pthon theantienis e bénFeuffzedarhatipne in size,
matePféiéT,“ms‘Ha%t%gs! Rk, 1 elf%%:@?éﬁ' PEnd Ol fie. pards. gf;;grg‘%ion,

I'nventi on, i ncl'ude varrations in size, materi
assemsbhipeanfionme , f unct | docand maadel yvofapppetsalti amd obvious to

ass g’oly and use, are de rreg readi | appareniﬁand ,
one GEIIOEE (6 oHES skl M { Relartidifd el EeiAvPRARLPS o
thosd €l atj.onshiiRsyt ojhhoggei | hushtaged antheadsawipgs and the

descri bed mthe
gspecification are intended to be encompassed by the present
invention.

Therefore, the foregoing is considered as i1llustrative
only of the principles of the invention. Further, since
numerous modifications and changes will readily occur to those
gkilled in the art, it 1is not desired to limit the invention
to the exact construction and operation shown and described,

and accordingly, all suitable modifications and eqguivalents

may be resorted to, falling within the scope of the invention.



specification are intended to be enconpassed by the
present invention. Therefore, the foregoing is
we@ongidessed as illustrative only of the princi pPCBEES2908/085122
the invention. Further, since numerous nodifications
and changes will readily oggur to those skilled mthe
art, it is not desired to [Iimt the invention to the
exact construction and oggéﬁhgon shown and descri bed,
and accordingly, all sui e " nodi fications and
equi valents may be resorted to, falling within the
scope of the invention.CLAIMS | CLAIM 1 . A Chelating
I CL&H&ht as shown in Figure 2 conprising: a polyner
backbone having a plurality of carbon atons; and a
plurality of reactive groups being coupled to separate
1. Z@a@h@haiaimrsagﬁnu hzes baickcbonenr Riguidhe Cdrmh;aﬂisﬁglgagent

d b da 1 wh eactive grou
o SRR et 5o e Bl Ry hg et GacbEn' Stoms;

and descrlbed n1CIa|n11 wherein the reactive group is a
carboxylic acid group. 4 . The Chel ating agent as
desBfbadl iy CPai e aklietei Hrars dgehitd f apvhepd to separate

b S5 Mgg backbone being a water
cer ?ﬁso J@?e, H&%?g%%o ic aliphatic polynmer backbone; and
the carboxyl ate groups are directly bound to the

rbo at g m_ t.he pol mer backbone MAth sal a carbon
%GéuﬁgF dedrst etPoy- bat gﬁcfép8 and* a-ptiifali pperein

the @eﬁa@@ﬁ@@@d@&s% cahhsoShed gﬁg: agent as descri bed
er c

m Cl ai m 3 wherein the agent furt onprises: t he
pol ymer backbone being a water insoluble, hydrophobic

@gjph%hgcCﬁgh¥RHEmPQQ§§9PeéSaﬁgscribed in Claim 1 wherein

the reactive group is a carboxylic acid group.

4. The Chelating agent ag described in Claim 2 wherein
the agent further comprises:

the polymer backbone being a water insoluble, hydrophobic
aliphatic polymer backbone; and

the carboxylate groups are directly bound to the carbon
atoms in the polymer backbone with said carbon atomg being

separated by between zero and a plurality of carbon atoms.

5. The Chelating agent as described in Claim 3 wherein
the agent further comprises:

the polymer backbone being a water insoluble, hydrophobic
aliphatic polymer backbone; and

the carboxylic acid groups are directly bound to the
carbon atoms in the polymer Dbackbone with the carbon atoms
being separated by Dbetween =zero and a plurality of carbon

atoms.



the carboxylic acid groups are directly bound to the

carbon atons mthe pol yner backbone with the carbon
wW@t@a®7sei ng separated by between zero and a pPCIF/EHB1008/085122

of carbon atons .6 . The Chel ati ng agent as descri bed

m Cl aim 1l wherein the agentsfurtner conprises the

reactive groups being directly bound to the carbon

a%o”% m the pal yoer backbone wiih 1,0e;bounds; to carbon .,

a bnshbeing sepaﬁ%te% %y bet ween zero ana a plurality .

the afegarbontaéonBomprisesThaeChebating agenbsa®eing directly
described mddaim1 wherein the agent further

boun@ ofer i 528 SPFOER tHe™St onE CHor PSFAGEE h@ BEDBSne R the

bounéz%goea§ggﬁsato%s H%fﬁghggpgiaﬁéﬁng a @%ﬁﬁggnaéero and a
shown in Figure 2 to chel ate, the poVyner havi ng the

plurd bripul af ofaRoby {2sreet adecyl but anedi oat e, sodi un)
conpri sing: providing an insoluble poly
(2- oct adecyl - but anedi oi ¢ acid) al so known as "Poly" ;

Py OVi dinkg @hdmitding okt MaEY dselewtibed Wit holfen pel wherein
and the nmetal ion primary solution having a ratio of
the pgeptt of WEthET | 6ATRBLEEFoR Ll pPoviBRng tHE nFRIRGIEhed the

backboly with-the metal ion solution by agitation to
t

ereby forma secondary solution containing a neta
ion and Poly conplex; providing the filtration of the

secondar olution with the filtration . resulting. ma
Chi r 0 e GIEGEn O 'SE9 | tePeHRET fffe b bakioute 2 £o
chel£©48f at BENgol PReBehak 1N @ Rokyu CONPE exo1pr Qei-dick@decyl -

the separation of the Poly and the netal ion contained
butapgdheats) tepdiddke BYRUSPEMEi ng the solid filter cake

™l e 2gl dusgl ki a0y 197 @Vbeh ARG AL RREckh® acia)
also known as “Poly”;

providing a metal ion primary solution with the poly and
the metal ion primary solution having a ratio of Poly to metal
ion solution;

providing the mixing the Poly with the metal ion solution
by agitation to thereby form a secondary solution containing a
metal ion and Poly complex;

providing the filtration of the secondary solution with
the filtration resulting in a third solution and a filter
cake, the filter cake containing the metal ion and Poly
complex;

providing the separation of the Poly and the metal ion
contained in the filter cake by suspending the solid filter
cake in a dilute acid solution;

providing agitation of the dilute acid solution;

providing filtering of the dilute acid sclution, the
filtering thereby sgeparating the filter cake containing the

Poly and the dilute acid solution containing the metal ion;



providing filtering of the dilute acid solution, the
filtering thereby separating the filter cake
w@owwaredng the Poly and the dilute acid sol ut PORUS2008/085122
containing the nmetal ion;providing a dilute base and
m xing the dilute base withgthe dilute acid solution
formng a third sol uti on, %ereby precipitating the
metal.ion ou ol ytian; rOV|d|n t ourin .
TS PR P 28 TS R rlkg g e b uBh pareawich
the m&ﬂ&heiOECi@rskﬁﬁﬂMeﬂy f9rmiAgnei hediell ustNgion, thereby
ymer to chelate, the polyner having the fornmula of
PreCJFib]i'S/at(?“g octadeeyt!l - IRt £1Edidf SAH B ot si ng
RS QY A gy a&néﬂsglota@ﬁgpobxf( 2 petagdecyly byt %%'tq'o% and
acid) also known as "Poly" ; providing a netal ion
leaviprg nery otat® oretvid hnetthz-ﬂ_ piotty fand tdweovmetyal i on
primary solution having a ratio of Poly to metal ion
solution,- providing the mxing the Poly with the
net al ai mtswwtdpnu@yn@gat 2ld19fmetr0 ddhefiebyaddf MBe polymer
secondary solution containing a netal ion and Poly .
havingnpiek:; i d n@ft h&oflivl t rf %t—%ﬁa@ﬁcvﬁebsléé@ﬁéapyc acid)
4on with the filtration resulting ma third
Compf%%%ﬁlon and a filter cake, the filter cake contai ning
tHMDVHﬂIﬂglﬁm andoPabye cpopl e -optededyhgbtihenedioic acid)
epar ati on, of the Poly and the netal ion contained m
also W | 3%r CakE by suspendi ng the solid filter cake in
3 h+HH EnACh dmsOL UL HBRA; pRAiewkE R 1A itat v 10fthdepoly and
dilute acid solution; providing filtering of the
the mﬁq%&el%%lﬁr%@¢ﬂfl%ﬁluﬁh%ﬂfh@Yé@gn@ raetebyLsBparvatpngetal
ion gglcg id er cake containing the Poly and the dilute
aci ‘ution containing the netal ion; providing a
(bﬂdﬂfﬁiﬁgﬁthﬁmhrumm@gtmmePdlyuWethasBemméhal ion solution

by agitation to thereby form a secondary solution containing a
metal ion and Poly complex;

providing the filtration of the secondary solution with
the filtration resulting in a third solution and a filter
cake, the filter cake containing the metal ion and Poly
complex;

providing the separation of the Poly and the metal ion
contained in the filter cake by suspending the solid filter
cake in a dilute acid solution;

providing agitation of the dilute acid solution;

providing filtering of the dilute acid solution, the
filtering thereby separating the filter cake containing the
Poly and the dilute acid sclution containing the metal ion;

providing a dilute base and mixing the dilute base with
the dilute acid sclution forming a third solution, thereby

precipitating the metal ion out of gsolution; and



the dilute acid solution formng a third sol ution,
thereby precipitating the netal ion out of solution;
wW@ewpomsidi ng t he pouring off of the third sol RET/Os20881085122
| eaving the precipitated netal ion for recovery. 10.
The nethod of using a polygpgr to chelate as descri bed
m Claim8 wherein the agitation is carried out at 150
6@8{%@%(122 O for utrllne ra e Of b C%ES utlon and
m nu kﬁ Privé ‘mét ho of USI 1
leavihelatie @ﬁe@lg@ﬁratb@ﬂ et ai 189 Mﬁrzeécfbxtdmeyagl tation
is carried out at 150 rpmat 22 0OC for a tine range of
bet ween about 15 and 60 m nutes. 12 . The et hod of
ng a y c a Jn diaj m
mu%der ein ?I%t:%tl%%al Swgr;%ltq?/gfl at ﬁ/gnn t% %Elate s
descmgtdibdiof Clsiimg & pod yeren tbectagllatae:laasl dl%ca:abeﬂecﬁn out at

oo S RO B LA on b SR Ao B

minutBLl aim 8 wherein the secondary solution is a
het er ogeneous m xture. 15. The nethod of using a
polymer to chelate as described mdaim9 wherein the

Y, [ is.a het 0 ,
?he nmet o%égl%g%s?ﬁgugl%%l érrg???glgghg?)a?gégékgescr eggrlbed
in Chahap nwBewhéneithet heidialtlitoe acd dosotidd omut saa 2% rpm at

on|tr|(: acid NO3 ol uti on. . od of .usin
oSy 5 S RErED e DAL EA b ATOMIG S S Moar T e
dilute acid sol utlon is a2%nitric acid (HNO3)

sol ution.18. The nethod of using a polynmer to chelate
ds? descritsed matdiad mogE wheriain t%}e%?éofmaryﬁosolqlﬂﬁl@ﬁe as

descfrlgorﬁsc%' e} e@lﬁm vﬁ{ede r%bilt vveen Ou% gé;raRg!t n 16_&r tion.

or atine perio tes an
180 m nutes. 19. The nethod of u3| ng a polyner to
chel ate as
. The method of using a polymer to chelate as described

in Claim 9 wherein filtration is gravity filtration.

14. The method of using a polymer to chelate as
described 1in Claim 8 wherein the gecondary sgolution i1is a

heterogeneous mixture.

15. The method of using a polymer to chelate as described
in Claim 9 wherein the secondary solution is a heterogeneous

mixture.

16. The methed of using a polymer to chelate as
described in Claim 8 wherein the dilute acid solution is a 2%

nitric acid (HNO;) solution.

17. The method of using a polymer to chelate asgs described
in Claim 9 wherein the dilute acid solution is a 2% nitric

acid (HNQ,) sclution.



described mdaim9 wherein the secondary solution is
stirred at a rate of between about 3 rpm and 600 rpm
wo 2009a7360e peri od of between about 3 nmi nut es BEUIR08/085122

m nutes. 20. The nmethod of using a polynmer to chel ate

as described in Claim8 whgpein the ratio of polyner

to primary solution is between about 100:1 and 200: 1.

The thod .of using a polynmer to.chelate as

?e%bri bed ™ ea@ln?% v%igr é“}sg”i%e % ati o 6F polymer Fgate  as
descipiibdrmr yn SOl HihoR wRebetweencabeubndf®iylsandt200: 1s 22irred

. A chelating agent as described mCaim1l used for ,
at achetat PonPphrpeEedPons. 3 AreRePati A§CayERit £8% shéwiemperiod

of bl HULL 2. SONPEiRiNg -2 DOty bagkhane having a
plurality of carbon atons; and a plurality of reactive

groups being coupled to separate carbon atons of the

backbone .. 24 . .Th | ati.ng agent as described m

i 25 her & Wthe Poadti V& group iy iicarboxytarate as
descEodp. i25c1dhe Chehaténg apenkeasndesor kbedtiBnChali Brirred

23 wherein the reactive group is a carboxylic acid ,
at a gfdp. 26. PTRECERer AP RG> afelt A8 H8ScFPBedoim @ Ailme2geriod

%ﬂgﬁ ' r. .t he pol ymer
of b ac ﬁ)nnaeg%gtl ﬁ%e@f%%% halﬁ{n%gl u In'lél, ye r'ophobi ¢
al i phati c pol yner backbone; and the carboxyl ate groups
g&; directly bound. to the carbon ato m t he pok%nﬁr
tkbon t IS c&atbom St s %ei PRer &) atént Polate as
desc€asdy ot her1ah msepasadedibeiRg separatgd _}Qiﬂ?ﬁﬁéﬂve@é% primary
e

zero and a plurality of carbon atons. 27.
solutgyl gts mp et aPwestd Pedich 20%ilm 25 wherein the
agent further conprises: the polynmer backbone being a
wat er i nsol ubl e, hydrophobic
21. The method of wusing a polymer to chelate as

described in Claim 9 wherein the ratio of polymer to primary

golution is between about 100:1 and 200:1.

22. A chelating agent as described in Claim 1 used for

chelation purposes.

23. A Chelating agent as shown in Figure 2 comprising:

a polymer backbone having a plurality of carbon atoms;
and

a plurality of reactive groups being coupled to separate

carbon atoms of the backbone.

24. The Chelating agent as described in Claim 23 wherein

the reactive group is a carboxylate group.

25. The Chelating agent as desgcribed in Claim 23 wherein

the reactive group 1s a carboxylic acid group.



al i phatic pol ymer backbone; and the carboxylic acid

groups are directly bound to the carbon atons xn the
w@lwaesobackbone with said carbon atons bei ngPCT/US2008/085122

separated by between zero and a plurality of carbon

atons . 31

26. The Chelating agent as described in Claim 24 wherein
the agent further comprises:

the polymer backbone being a water insoluble, hydrophobic
aliphatic polymer backbone; and

the carboxylate groups are directly bound to the carbon
atoms in the polymer backbone with said carbon atomg either
adjacent to each other or separated being separated by between

zero and a plurality of carbon atoms.

27. The Chelating agent as described in Claim 25 wherein
the agent further comprises:

the polymer backbone being a water insoluble, hydrophobic
aliphatic polymer backbone; and

the carboxylic acid groups are directly bound to the
carbon atoms in the polymer backbone with said carbon atoms
being separated by between =zerc and a plurality of carbon

atoms.



