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On-going investigations for improved metal scavenging technology have been desired by

various industries. The present disclosure addresses various avenues for handling metals
management in industrial and municipal processes. These chemistries could be potentially
20  utilized for other various applications that require metal scavenging. . E
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a general schematic of a portion of a wastewater treatment system.
25 SUMMARY OF THE INVENTION

The present disclosure provides for a composition comprising a polymer derived from at
least two monomers: acrylic-x and an alkylamine, wherein said acrylic-x has the following
formula:

R
)\(0
30 X
wherein X = OR, OH and salts thereof, or NHR? and wherein R' and R? is H or an alkyl or aryl
group, wherein R is an alkyl or aryl group, wherein the molecular weight of said polymer is
between 500 to 200,000, and wherein said polymer is modified to contain a functional group
capable of scavenging one or more corhpositions containing one or more metals.
35 The present disclosure also provides for a method of removing one or more metals from a

medium containing these metals which comprises the steps of: (a) treating said medium
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5 containing netals with a conposition conprising a polyner derived from at
| east two nononers:. acrylic-x and an al kyl am ne, wherein said acrylic-x has
t he fol | omongifarewml a: Rt X wherein X = OR, OH and sal t #Crhise@of31163 NFI R2
and wherein R1 and R2 is H or an al kyl or aryl group, wherein the nol ecul ar
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nodi fi ed whereOX =R GH hanGltt @BRbL, 8F FHR? GAPMLRIGY! 256 RY &N b h LS oPiryNDr €
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t he

least two monomers: acrylic-x and an alkylamine, wherein said acrylic-x has the following

formula:

R!
}\f°

20 X
wherein X = OR, OH and salts thereof, or NHR? and wherein R' and R? is H or an alkyl or aryl
group, wherein R is an alkyl or aryl group, wherein the molecular weight of said polymer is
between 500 to 200,000, and wherein said polymer is modified to contain a functional group
capable of scavenging one or more compositions containing one or more metals.

25 The metals can include zero valent, monovalent, and multivalent metals. The metals may
or may not be ligated by organic or inorganic compounds. Also, the metals can be radioactive
and nonradioactive. Examples include, but are not limited to, transition metals an& heavy metals.
Specific metals can include, but are not limited to: copper, nickel, zinc, lead, mercury, cadmium,
silver, iron, manganese, palladium, platinum, strontium, selenium, arsenic, cobalt and gold.

30 The molecular weight of the polymers can vary. For example, the farget
species/application for the polymers can be one consideration. Another factor can be monomer

selection. Molecular weight can be calculated by various means known to those of ordinary skill



unnodi fied polymer, otherwi se referred to as the pol yner backbone. The
functional groups that are added to the backbone are not part of the

cal cul at iwe.20filmazooehe nol ecul ar wei ght of the 10 pol ynePCmiuskoiiioa1153
functional groups can far exceed the nol ecul ar wei ght range. In one
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groups. In one enbodi nent ner bet 10 % of the
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triethylenetetraam ne (TETA) and tetraet hyl enepetam ne STEPA) and
pent aet hyra@padifiedactymer capggaps well. For example, the react1on of 3.0 molar equivalents of

25  carbon disulfide to a 1.0:1.0 mole ratio acrylic acid / TEPA copolymer, which contains 4 molar
equivalents of amines per repeat unit after polymerization, will result in a polymer that is
modified to contain 75 mole % dithiocarbamate salt group. In other words, 75 % of the total
amines in the unmodified polymer has been converted to dithiocarbamate salt groups.

In one embodiment, the polymer has between 5 to 100 mole % of the dithiocarbamate salt

30  group. In a further embodiment, the polymer has from 25 to 90 mole % of the dithiocarbamate
salt group. In yet a further embodiment, the polymer has from 55 to 80 mole % of the
dithiocarbamate salt group.

Monomer selection will depend on the desired polymer that one of ordinary skill in the art
would want to make,

35 The alkylamines may vary in kind.

In one embodiment, the alkylamine is at least one of the following: an ethyleneamine, a

polyethylenepolyamine, ethylenediamine (EDA), diethylenetriamine (DETA),



The acrylic-x nonomer group can vary as well. I n anot her enbodi nent,
the acrylic-x is at |east one of the followi ng: nethyl acrylate, nethyl
met hacr ylwoeptiepk acryl ate, and et hyl nethacryl ate, propgus2@éaiygiiate, and
propyl 10 nethacryl ate. I n anot her enbodi nent, the acrylic-x is at

| east one of the follow ng: acrylic acid and salts thereof, nethacrylic
acid and sa t hereof , acrylam de, and nethacrylam de. The nolar ratio
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yet a furt can enconpass ranges: 500 to
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90 nol e { 30 55 to 80 nole % I n anot her enbodi nent, the acrylic-x is
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DETA or TETA or EDA. In yet a further embodiment, the resulting polymer is modified to
contain the following ranges of dithiocarbamate salt groups: 5 to 100 mole %, 25 to 90 mole %,
30 55 to 80 mole %.
In another embodiment, the acrylic-x is an acrylic amide and the alkylamine is TEPA or
DETA or TETA or EDA. In a further embodiment, the molar ratio between acrylic-x and
alkylamine is from 0.85 to 1.5. In yet a further embodiment, the molecular weight can
encompass ranges: 300 to 200,000, 1,000 to 16,000, or 1,500 to 8,000. In yet a further
35  embodiment, the acrylic amide can be at least one or a combination of acrylamide and
methacrylamide, which is combined with at least one of the alklyamines, which includes PEHA

or TEPA or DETA or TETA or EDA. In yet a further embodiment, the resulting polymer is



10 nol ecul ar wei ght can enconpass ranges: 500 to 200, 000, 1,000 to 16, 000,
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calcium salts of trimercapto-S-triazine; Evonik Industries Corporation 17211 Camberwell Green
Lane, Houston, TX 77070, USA), dimethyldithiocarbamate and diethyldithiocarbamate.

B. Dosage ‘
35 The dosage of the disclosed polymers for use may vary. The calculation of dosage
amounts can be done without undue experimentation.
Process medium quality and extent of process medium treatment are a couple of factors

that can be considered by one of ordinary skill in the art in selecting dosage amount. A jar test



In the context of applying the polyner to a gas system such as a flue gas,
the pol yner can be dosed increnentally and capture rates for a particul ar
nmetal, e.wo28uchk7®@2 nercury, can be cal cul ated by knownPCeaisnéigwesss n t he
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precipitators and other air quality control ‘devices. ‘ Medi uns

cont ai ni AYPLENINE Figtas Wihs eorRROGTIQNF ANRTSHIRGROLEIT deticd drom at legeli tyo gleaseersr e one
20t anget 3&,0hc-k B & AkyMRAint, WA Q5 acrylic-x has the following formula:
: . R1
)\f°
X
wherein X = OR, OH and salts thereof, or NHR? and wherein R' and R? is H or an alkyl or aryl
' group, wherein R is an alkyl or aryl group, wherein the molecular weight of said polymer is
between 500 to 200,000, and wherein said polymer is modified to contain a functional group
30  capable of scavenging one or more compositions containing one or more metals; and (b)
collecting said treated metals.
The compositions as described above are incorporated into this section and can be applied
within the claimed methodologies encompassed by this invention.
The target metals of interest will depend on the system/medium to be treated.
35 The metals can include zero valent, monovalent, and multivalent metals. The metals may

or may not be ligated by organic or inorganic compounds. Also, the metals can be radioactive
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I n one enbodi ment, the nmediumis a process stream containing water, e.g.
wast ewat er or wastewater froma power plant or industrial setting (power

pl ant, nmwOnrglioRemat i on, waste incineration, and/ or man®CaASANLLOG153
operation).. In another enbodinment, the nmediumis a liquid hydrocarbonaceous
stream commn in 25 petroleumrefining processes or petrochenical

proce l es include streanms fromthese processes that contain

petro I eu r?flﬂ 9%8@%‘5%‘?1 SExapples sludetiub i o HYERddediepshor melals eptheavy msialidi ng

crude Oi IspeafigmbiaRGhi AORAS, A ﬁ@hoﬁhhﬁt&de@atn@aemaa%f HIFSIRIWHRE copRf, ARKBE
diesel, jet fuel, fuel oil, gas oil vacuum residual, etc or ol éfini¢ or

napt heni @i e &isreyiry: sadmiumesgr, np mpngenske. palladivan platinyarsgentiuys seleninm
their dergéat] d8sit ardQoli, @anot her enbodi ment, additional chem stries,
floccul ants and/or coagul ants can be utili zed in conjunction with t he
chenistry enc&m%‘é’édlwnt Hiegnetalyarn e loast orfe acheshingtion) of sheafplidwieg coppea,

medi um CoRhRl KiLp geaﬁ%@ljcﬁ?'g&gm?lﬂﬁ Yilvdr qu uﬁl('a neseNGAAGL! }51%%1]'19{, sflniuGast one

of the follow ng: catro yners, polyiers, eric polynmers,
and zwi t tseleiiomi arsquist, gebeltsnd g8dn anot her errbodl ment, the method of this

invention furher th%PéH?th en‘?"ih ar?&élg %u%rﬁ% ltlrerﬁé]mqgnt to the process stream

with a conpl exi ng anou &61"uB ene di chl ori de ammoni a
pol yrmer havi nglaauot}ntmhddanemyeh@hetalsfarefhemlﬁﬁﬂsto 100, 000 which contains 5

to 50 nole % di t hi carba te salt grou | ex of these
netals, e.g. &Ieeg%n St 1I"llng ”E‘ﬂs can f%.dL 190?%5@5?58?’7%% %ﬁ%‘?ﬂ%@“%w‘?tﬁrt her
enbodisne rstreantshqu@hﬁlmdaﬂronmmg;mreﬁﬁs, fihegR ety f1y8hfano mh%ﬁﬁ&ﬂudume?ﬂ@&br and
contains. 15 to 50 nole % of, dit ca ba e salt et _a further
enbodi ment® CFHECHETRE %fpél"a%q ‘ij’ﬁ? f’” I’f?%o‘le?ﬂ%’@}l lp‘g ‘%’giﬁ‘ BY“EtB d%000 and
cont ai ns fikiation séps aﬂiﬁlo@aﬂ@ﬁﬁht;%dn&b%&fc@@@%l BagB@lsts Hd@URGoestatic precipitatofy

anot her an(‘?&tgl ment, ..t he ner treatnent and additional treatnent are

added in FraAT el cqn d @Suns containing a gas phase mediunla nedi um

containing a maluafa@&ﬁmarng a3 0ldMhsetnRddast/a hieliukN@n@ndlBIchul AR drOBne | N
addi ti on, pr ocesses contarning a liquid and/ or gas phase nedi um are

encorBas &Eeet Y heRImeEd 'rRt%n as wel | . In another embodinent, the mediumis

part of a heaf (Qi%@ﬁl'b@&ﬂn@ﬂ ¥ $feB8fm € a Procdss sﬁéh%l SRBikRSbhEA ) \kr&ft@f}l il
enbodi nent, the heat generati ng systemis at |east one of tghe 'ow ng: a

conbust i b‘ﬁsté‘y%tﬁfefrﬁm a PPBGIEland pripdusEinh Briiing (Bererplang miniae epatticsowsist i on
system %cﬂ@ﬁ&x@n aﬁ%%ﬁﬁfé%r%%ﬁéﬁm a kiln; a kiln for mning or cenent

operations; and ‘an ore proces tem I n anot her enbodi nent, the nethod
of this invenk a@nthﬁmmbvém@brﬂmmg@sn w@ﬂi@aidig/dmarbmmtdismamgccmgmint 0 a

heat 2§engét?31édﬁ9re§i¥ﬁ%§f8ce4s& & P&éa&cmﬁfcaﬁmc%ggeﬁgmpﬁes%nc?ux Z'n%“s G gRle 1S

applied prior to sa
enbodi neptocesgestidt copa petrdlemahydzodartpne sush o$ pdtwicun lprdmcaﬁsn femmdc\kes treating

¢ 2, b U ot e SN DRSS TRERLY, 0
addi t i onélel bil,eat oibndcuaa rcﬂ;&hla]r etb etlol2fdib om@apthenic process streams, ethylene glycol,
aromatic hydrocarbons, and their derivatives.

30 In another embodiment, additional chemistries, flocculants and/or coagulants can be
utilized in conjunction with the chemistry encompassed by this invention. The chemistries
applied to a medium containing metals can vary, including, the addition of at least one of the
following: cationic polymers, anionic polymers, amphotetic polymers, and zwitterionic
polymers.

35 In another embodiment, the method of this invention further comprises an additional
treatment to the process stream with a complexing amount of a water soluble ethylene dichloride
ammonia polymer having a molecular weight of from 500 to 100,000 which contains 5 to 50

mole % of dithiocarbamate salt groups to form a complex of these metals, e.g. heavy metals. Ina



In yet a further enbodi nent, the oxidizing agent is at |east one of the
follow ng: a thennol abil e nol ecul ar hal ogen, cal cium brom de, or a hal ogen
cont ai ni nyoconpamed. In yet a further enbodi nent, wPhiraszenABLtIEHN
further conprises applying an oxidizing agent to the flue gas; optionally
wherein said oxidizing agent oxidizes a target species at a tenperature 30
of 50 C or rature ere the oxida IS ca bl e of

oxi di S‘HFP% ponie %@P{}B‘ﬁiiﬂm@w s pphmar i3 BRE00 a0 0@5&&9%%%15

mer cur y tOF0 MOR3k by diREShMa® @Mﬂ%rbﬁifsg@ﬁ Y& RFGHIRS ethBodRh YRR AbleBBACHE YhtOr
derivatives t hereof; and optionally wherein said oxi di zi n agent is at

| east on@! B pplyger iiffognt 399t 200013ad Rentars 350 A8 mele tof dihip tatecsgltci um

broni de, g8fupg@ hal ogen contai ni ng conpound. Mercury oxidant nethodol ogies
are described in US Patent Nos. 6,808,692 and 356, 878,358, which are herein
i ncor por at ed Byeneterseiadanent, the polymes irsetment s paditionshircatmers afscidgersin a
treatjgentiRGEYrs at a tenperature 300C or bel ow, preferabl y 250 C or bel ow.
The follow ng exanples are not neant to be |limting.

2011/ 127002 PCriediszs santaising 3 gaspidanmedign/amedimh gongainipg & g@mir@ Secare le 1
10Met h |t@§ Rent Bothep e
functi gn a gztgéﬁﬁeedéilm-g&g{ ﬁlogg zkatr? %ﬁmaltﬂ e&%reggeps) ol %@% ﬁ%iaﬁlﬁg {r?(g/yﬁ %’Xg bﬁﬂe o o

Tet r aet hydedivapaa taovmpessebby/tisrinBatdbonellSy nt heS| s 15Tet raet hyl enepent am ne
TEPA 18. 27 h fit th
( ) ( R A5 {HeNd @dni{‘é’%? é§ lﬁécﬁl?rﬁ’m% 2§ hgatggéeratnﬁlg§% o e:gaﬁ ‘ﬁidxw‘i‘z‘%s a

mechani cal stirrer an a coridenser eads
nitrddensagnch.stirring, nethyl acrylate (16 636 wei ght 9% was added dropw se

over 30 mn ere t he .t was i nt.ai ne bet we 31 Cdurin
Ohe! addi 11 on" BrSesr PR REL Be el SRR SR ICt ol R SRl Gooona
char ge otorilBAof §.)8te8125 pueérgiiint BommBsorpStkmt Mesh] asitbustieh sYftehes whité Ng
reaction. mxtiglﬁ V\% g‘ﬂﬂeﬁgﬁﬁf 130.C. This te erature was held for - 3 h
whi | e colfC8E VR &0 (-t ar PPIng PEEReTE PR s 5d anpreprecessng Rystemy, o
gol yner gelt okl @Rdiniet, gecheth@l Ji2bis Gvaitbntfivgier shtpMsys Aplyidgath Wi th
eio | ze

wat er 6.814 wei ght % he tenperature above 90 C
dur i é‘%i:ii &Py o ag‘ﬁ‘ég‘?“é?&il%i" bem B‘Daiidé‘i%g‘iﬁ“%%j‘&&ﬁ“ fReroXIdiFing 285RE has t hen
cool ed tgpﬁ]@g@hgﬂmﬁagm%@nrééﬁh@ﬁt aver age nol ecul ar wei ght of the pol yner
was 25 determined to be 7,500 using _a size exclusion chromatography nethod

and pol ysacch¥rd ¥sé2 &f@ﬁbﬂﬂ'@@m@t ampylfiphgseiFestmet eromspliaes PFSpEVANEDN 30The

d T 3 or 327
32?3& g@h@ﬁgga:%i aeﬁrepa 1@@ aﬂa% %iémiata@%{ é/%%tsﬁ H a i}%%np%id{d%gr mg@% ”

Dow Cheniustl inGolifithy emlverﬂiem@srmHeﬂmntqnéaédm@@haemﬁrﬂ@ﬁderspm fitted
W thoa nmgghiani cal stirrer. Next, a 50% NaOH solution (9.556 weight % was
added to the stirring reaction mxture Once the mixture was heated and

mai nt ai ned at Inggt Cluriberrdydhodidient ithei agedi{ingageTOs wdpaghoneddyf theefsllevddgad dr op- wi se

o o Na%isani@iei%miih%zi LoD, L5, A e e
mai nt ai ned at Ing@t Chufrther mboelmhnt, ﬂommlverﬁloh ﬁlrﬂlenaim;yxsestdpelyngaotoxrdmmentooI ed
E /oop(r)?))(;?eE X §{1$ % W& tl% e'ireel’\xrl SGagd C}P 1zi%h Len 58688 tgrrgett s%ecggsta%a rt]enipefé, e yei ght
30 of 500°Cor greater ora temperature where the oxidant is capable of oxidizing molecular mercury
that exists in a process that generates mercury; optionally wherein said target species is elemental
mercury or derivatives thereof; and optionally wherein said oxidizing agent is at least one of the
following: a thermolabile molecular halogen, calcium bromide, or a halogen containing
compound. Mercury oxidant methodologies are described in US Patent Nos. 6,808,692 and
35 6,878,358, which are herein incorporated by reference.
In another embodiment, the polymer treatment occurs at a temperature 300°C or below,

preferably 250 °C or below.

The following examples are not meant to be limiting.



WO 2011/ 127002PCT/ US2011/ 031153 5Exanpl e 2 Acrylic Acid /

Tet raet hyl enepent am ne Pol ynmer Backbone which is then functionalized with a
di t hi ocarwearmtieizgrooup 10 a. Acrylic Acid / Tetraet hyl enepenisaniioal1Edl ymer
Backbone Synthesis Tetr aet hyl enepent am ne (TEPA) (37.556 wei ght %
and sul furic acid (0.199 weight %9 was charged into a glass reactor fitted
W th mechani cal stirrer and a congdgn Wi | e purgi ng the headspace with
nitrogen and stirring, acrylic aci n wei ght %9 was added dropw se 15
over 30 min where the tenperature was naintai ned between 130 - 140 C during
the addition, allow ng the exothermfromthe acid base reaction to reach
the desired tenperature. Next t%j%%ﬂ&ﬁ%ction m xture was heated to
160 C. This tenperature was held for 4 5 h while collecting the condensate
in a Dean-Stark trap. At this tine, onrrer melt was allowed to cool to
120 C and then slowy diluted with Xa (47.941 weight 9% keeping the

t enpapat ur e ZMeﬁpr@[y&@e /@eﬁuémﬁ& %)&ﬁarglhé Py RBr BaRBorle&oidH ik Adn- 50 wei ght %
pol yner sol ution was then cool o room tenperature. \\ight average

nol ecul a@%?’&ﬁ?edo‘mh%@ﬁb‘éﬂawtempdet ermined to be 4,700 using a size
excl usi on chromat ography net hod and pol ysacchari de standar ds. b.

Di t hi ocar bamat e PoI yrrer Prepar atl on 25 The second step involved addi ng
t he acr ylai Methyl crylatpEatraes Spenfa® tymagsi Beigkboyy Symthesisat er (36. 825 wei ght
%, and Dowf ax 2A1 (0. 118 wei ght % to a round bottomflask fitted with a
mechani cal stirrer. Next, a 50% NaCH solution (8.393 weight %9 was added to
the dbirring T@mthanemt@m@méTEDKb@SQﬁéwnigkt%} wawmrgaéaﬂ@dglaﬂdeam‘rnt ai ned

b One hAart BR ieetplcof ks tentaolo VAl it tTRe AR LRGBS R4 o,

NaCH ( 8. B%ngvamj]m,stl a%rlaim(% 6hawgjelt. %) Raes aﬂé«abdmmmmvet B mumﬁhererﬁie nt ai ned at

Cemper ot (PR Fof PRpshnefpstishtes Yok BubRRReaohat Ao a8l ey

pol yner i evasl ﬁmblnadc Nebaaaéoencpcm@mtf TEBAKx&®2TH \ee@lta/o) xﬁ@rpyifamedand the

Tet r aet hyl enepent am ne, Pol r ckhone nt hesi s

2011 %ﬁ%ﬁﬂ%%%ﬂf@ﬁ‘f@?ﬁgﬁ é@t ﬁy Fgﬁé%’él?‘?f% 58S peeERR) ~ § 181 wei ght
% was cbategelcg mﬂ&@d&us@ieaﬁsmﬁﬁﬁaﬂ{mfpl tlt @s tihé, hhedpdipediamiGads aBbWed8r and a
condenser t he heads e vvlth nltro?en and stirring, a 48.6 %

acryl ani a%Olé%HS’t pcp?%%%% Iexy Giiteshy h’ e1Qpized S SRt KA e 18 &0 kpepRaibs ng

whi ch t hengiRfinre ghdve PP atkHpRhd\BfuticR ATEEs Al 58 Swdight %I%Iﬁﬁ& sPRtvEgRs 65 -
75 C. After the_ acrylam de chawg the te erature was nal ntai ned for an

addi t i on#ien gotjed iRagdm temperiush Vel dyeragp mgtectimpyeight of 88 POEICHHES %) was

per f of Mede@ifndd6 be ?39@ ﬁén‘f@a e e Bﬂrﬁﬁl% Wn&ﬁ@&ﬁﬁﬁo sac8farfdeWhi | €
collecting the distil wat er via a Dean-StarKk trap. ThIS t enper at ure was
hel d f or standards. whij | e contl nuing to collect the condensate in a Dean-Stark
trap and trapping the rel eased anmmoni a side product. At this tinme, the
polymer nelt was aIIowed to cool to 120 C and then slowy diluted with DI
wat er ( 4b.Ritifosarianiate Rifjynes psipasgtiohe t enper at ure above 90 C during the 15
dilution. The resulting - 50 wei ght % pol yner solution was then cooled to
room tenperature. Wight average nol ecul ar wei ght of the polynmer was

det eB®i ned t oThﬁe‘-edkBﬂ@tepiﬂmgreéa@i@themthykiomﬁate KWTBRApolyn&p(3y.302 tveiptit %hd

| o
e sacolh Wals (4 AU o) Dana BOWIROORT RPNt Do Wb CRERBAR a0 0,
wei ght 9Midlid, Wﬁtékﬁﬁ?é(, BB AL fBa mncgﬂsﬁttoﬁi)ﬂashﬁdedxmﬁ ameaﬂiluc(ﬂ(knﬂrarz Net, gm)%% to a
db f d t 50% Na
ottt onheOMisgBRK ol bl Vel AR FErioR et e (Onsh ARG nce
the ni xt waehesrd ah@ﬁlhﬁxthx@ﬁdtmilmhﬂbﬂeﬂsﬁﬁdé@7ﬁ79 ﬁralrgbmg) daﬁﬁhéd (le% 830 25
One 0 W t n the car

wei g Wi se. ov

di su? .ﬁveﬁgiﬁ hourgip e mﬁlﬁmﬁﬁe ORI 2B e OghNaOp! Gass

char ged. wI@Bt%)Eﬁﬁ‘dd}@fgedn Khd e & H0R Snixthle a8 nefaindd 490°C fRhn adbideidi 3 honal 2 h.
Finally, the reactioon was cooled to roomtenperature and filtered though

filter pBipally.ths reastign pas copledipragmm teopaaiieaad fikergd thenglt Hlas aaRer & Paiviuct .
30B. VasiewaiaRiv peScAd ditkladayihidite product.




As stated above, the typical protocol for determning the anount and
potential effectiveness of a polyners ability to scavenge a netal in a

process wasDepll/7dr ough jar test analysis. 35 WO PCT/US2011/031153
2011/ 127002PCT/ US2011/ 031153 5 1. Exanpl e of nethod of use on typical 20
ppm Cu wastewater using jar test Generally, all polynmers were

prepared as a 12 wei ght % pol ynmer solutions in DI water and prepared fresh
on the day of testing. Copper cont alng—aﬁé’—l%ter was used for testing. Six
300 nL samples (jars) of wastewater were placed in 500 nL beakers and set
up on a 10 gang stirrer. The sanples of wastewater were m xed at 150

revol utions péFHHFMsd YquﬁﬁylﬁﬁﬁPF‘gaWWéPWh%#CkW vedey thep figctionsliged| es.
The dosaggs H&8tbci®hBal grRfdpd, 0.63 g, 0.75 g, 0.88 g, and 1.00 g of polymer
sol utions prepared as descrl bed above. The m xing at 150 rpm was conti nued
for a total of 10 mnutes. This was then followed by a slow mx (35 rpm

for 1Q mam%ﬁ%ic A/éi‘dt/qfetréﬂ?géﬂeq%n%nﬁi@ﬁo}%ﬁéﬁ_ﬁa%ﬁo% S%%espsr ecipitate was allowed
to settle, undisturbed, for 15 an a I ona es. Next, the water
sampl es were filtered through 0.45 micron filters. The fiItrate was t hen

acidified to RE‘? etlﬁle%ﬁelﬂtaﬁﬁ&c E’AZ‘UQ%SQWGE%F%%&F s Qri® 5‘9‘?@ 1{% 2‘3

precipitation o e Co sol er was in the
filtered wvathaTg@an’lpla@aSbyeaaboﬁtt&d vaﬂsa)mmhammlamaéryasﬂscumiemgr cWhpcepurgmgndar ds

for ref ertﬁelnl% %é%ﬁleﬁltrg en aﬁé Stirly S r Wie a01 6564 w%}vglé}yg?rgag edsdgg ?liog%g ol t I cates

for severa ymers Were run an |rrre the'r
shoulld b@vao"i()edmtvﬁmte thhemphs&urwd; malhfhmatﬂ bawednal’es mﬁ’r@dﬁry@ﬂ&addldmohes s than

1 mnute for.c nta nat ter . treated e oI mer whi |

filtrac; GHoVE R SPhER fom MRSl Rbdon s el Frepties. it ¢ ant s,
such as h‘ésuhﬁgﬁ:@pﬁ@rtﬁmhfw a4 Iatedtto HOTEY IMhisdehpdrateRie Meligor ¥a%h vtzmnal cally
greater th nutes. 25 anpl e of nethod of use on typical

wast ewat é?Pﬁ'??EF%B?e d%f'sé@tm a%}eanlz-&ﬁg?% |A4F s fime.{he polaper "ﬁ?\‘g?@asﬁlﬂéﬁﬁfi ©d as a 5
wei ght  Y%cpellty meo° CSﬁlldlilﬁdnCsnﬁvly Bilikd Wik B1 w@@ﬂ(ﬁmp%@ﬁt o5 R&Ppin@ihd tbapd@&ireof |
testing. rc Qn I.ng er was use or testing i X 500 sanpl es
(jar &9 fal\’/gea eéétxe R%@Hl%“%“%ﬁ resplting ~Hbueghtso aﬂamgraolqﬁlﬁn s ae@afrf@eds
stirrer. {Jhe r@tﬁreOfWé‘l@ﬁta%‘i@éeQﬁoﬂé\ﬁﬂa@ vJélg’ﬁ%’f tRd pﬁﬁgerrvpdmd\eﬂehhﬁe& B§epol yner
was dosed into the sanﬁ% osages used were g, 0.100 g, 0.150
g, and 0.480 ugngp sigeexs wn§a°marw bméﬁlaéwwsa@@@mdeawda%ve The ni xi ng
at 300 rpmwas continued for a total of 25 mnutes. At this point, 5 ppm of
a cationic roccuI ant was added and then foll onwed by a slow m x (15 rpm
for5 m ndRghiogebamaty Polvrgnbirepgraias conpl et ed, the precipitate was al | owed
to sektle, 35 und| st ur bed, for an additional 45 m nutes. Next, the water
sanples were filtered through 0.45 mcron filters. Residual nmercury was

det er mi ned i nThéwecdrd ﬁ@rlewlwétaédingﬁwpbleﬁc sud OFER Agolymel (3l #EtwSightt %)% DEPA

met hod 1 fo I Lesle l,i cates
for seve?g%e %gzn%s‘g‘égl&eﬁr))lé run andﬁﬂ?ﬁqﬂgﬁﬁg{lr{@qreﬁ%ﬁ éc?néga k%sﬁ.%d

2011/ 127 @mnﬁmwsg@mn,/ N@ﬁﬂﬁ@%NﬁOEhohmdn (3398 oteguitt ¥ atas tdied abthe ptireidg

filtrati t r |caII te .t

ol ccul o REPE) e Pttt BB yaf e b iRt A0 T ol (.o

di met3fy| chicight o anabahlad drop lezﬁseBoveEX anphehafr witid the cabaedianfidey4dtitiah, abbther

wast evat %II:nOlm Io? 90‘% %aOrHe(% 3@3 weight %) was charged. The reaction mixture was maintained at

40° C for an additional 2 h. Finally, the reaction was cooled to room temperature and filtered

though filter paper to obtain ~ 35 weight % polymeric dithiocarbamate product.

35 Example 3

a, Acrylamide / Tetracthylenepentamine Polymer Backbone Synthesis

10



Resi dual Copper (ppm from a Contam nated Water Supply Pol ymer Dose

(my)/ 100 nmL wast ewat er Exanple 0 6.8 8.5 10.2 11.9
WO 2011/127002 PCT/US2011/031153
5 Tetracthylenepentamine (TEPA) (14.581 weight %) was charged into a glass reactor

fitted with a mechanical stirrer and a condenser. While purging the headspace with nitrogen and
stirring, a 48.6 % acrylamide solution (30.441 weight %) was added dropwise over 1h during
which the desired temperature was reached and was maintained between 65 - 75° C. After the
acrylamide charge, the temperature was maintained for an additional 1 h. Next, a second charge
10  of TEPA (14.581 weight %) was performed and the resulting reaction mixture was heated to 160°
C while collecting the distilled water via a Dean-Stark trap. This temperature was held for ~4h
while continuing to collect the condensate in a Dean-Stark trap and trapping the released
ammonia side product. At this time, the polymer melt was allowed to cool to 120° C and then
slowly diluted with DI water (40.397 weight %) keeping the temperature above 90° C during the
15 dilution. The resulting ~50 weight % polymer solution was then cooled to room temperature.
Weight average molecular weight of the polymer was determined to be 4500 using a size

exclusion chromatography method and polysaccharide standards.

b. Dithiocarbamate Polymer Preparation
20

The second step involved adding the Acrylamide / TEPA polymer (34.004 weight %), DI
Water (36.518 weight %), and Dowfax 2A1 (0.122 weight %) to a round bottom flask fitted with
a mechanical stirrer. Next, a 50% NaOH solution (7.763 weight %) was added to the stirring
reaction mixture. Once the mixture was heated and maintained at 40° C, carbon disulfide (13.830
25  weight %) was added drop-wise over 2 h. One hour within the carbon disulfide addition, another
amount of 50% NaOH (7.763 weight %) was charged. The reaction mixture was maintained at
40° C for an additional 2 h. Finally, the reaction was cooled to room temperature and filtered

though filter paper to obtain ~ 35 weight % polymeric dithiocarbamate product.

30 B. Wastewater Testing Analysis

As stated above, the typical protocol for determining the amount and potential
effectiveness of a polymers ability to scavenge a metal in a process water is through jar test
analysis.

35
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1. Example of method of use on typical 20 ppm Cu wastewater using jar test

Generally, all polymers were prepared as a 12 weight % polymer solutions in DI water
and prepared fresh on the day of testing. Copper containing water was used for testing.

Six 300 mL samples (jars) of wastewater were placed in 500 mL beakers and set up on a
gang stirrer. The samples of wastewater were mixed at 150 revolutions per minute (rpm) while
the polymer was dosed into the samples. The dosages used were 0.50 g, 0.63 g, 0.75 g, 0.88 g,
and 1.00 g of polymer solutions prepared as described above. The mixing at 150 rpm was
continued for a total of 10 minutes. This was then followed by a slow mix (35 rpm) for 10
minutes. After the mixing was completed, the precipitate was allowed to settle, undisturbed, for
an additional 10 minutes. Next, the water samples were filtered through 0.45 micron filters. The
filtrate was then acidified to pH = 2 with concentrated nitric acid to stop any further precipitation
of the copper. Residual soluble copper was determined in the filtered water samples by atomic
absorption analysis using.copper standards for reference. One set of jars was run for each
polymer tested. Duplicates for several polymers were run and confirmed the reported results.

It should be noted that the observed filtration rates were typically less than 1 minute for
contaminated water treated with the polymer while the filtration rate for water treated with small
molecule metals precipitants, such as trimercapto—S-triazine or dimethyldithiocarbamate, was

typically greater than 2 minutes.

2. Example of method of use on typical Hg wastewater using jar test

Generally, all polymers were prepared as a 5 weight % polymer solutions in DI water and
prepared fresh on the day of testing. Mercury containing water was used for testing.

Six 500 mL samples (jars) of wastewater were placed in 1L beakers and set up on a gang
stirrer. The samples of wastewater were mixed at 300 rpm while the polymer was dosed into the
samples. The dosages used were 0.050 g, 0.100 g, 0.150 g, and 0.250 g of polymer solutions
prepared as described above. The mixing at 300 rpm was continued for a total of 25 minutes. At
this point, 5 ppm of a cationic flocculant was added and then followed by a slow mix (15 rpm)
for-5 minutes. After the mixing was completed, the precipitate was allowed to settle,
undisturbed, for an additional 45 minutes. Next, the water samples were filtered through 0.45
micron filters. Residual mercury was determined in the filtered water samples according to
United States EPA method 1631. One set of jars was run for each polymer tested. Duplicates for

several polymers were run and confirmed the reported results.
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It should be noted that the observed filtration rates were typically faster than water treated
with small molecule metals precipitants, such as trimercapto-S-triazine or

dimethyldithiocarbamate.

3. Example of performance on typical Cu wastewater using jar tests

Residuai Copper (ppm) from a Contaminated Water Supply

Polymer Dose (mg)/100 ml. wastewater

Example 0 6.8 8.5 10.2 11.9
1b 19.1 8.0 4.8 2.1 0.3
Polymer Dose (mg)/100 m], wastewater
Example 0 7.0 8.8 10.5 12.3
2b 18.6 7.8 4.5 2.61 0.2
Polymer Dose (mg)/100 ml. wastewater
Example 0 6.8 8.5 10.2 11.9
3b 191 7.8 52 2.5 0.7

C. General Procedures For Use of Polymers in a Wastewater Treatment System

Figure 1 shows a general schematic for a wastewater treatment process. In this particular
figure, the wastewater treatment scheme is based on the treatment of a flue gas desulphurization
chloride purge from a power plant. The polymers of the present invention can be applied to at

least one of the precipitation, coagulation, and flocculation steps.

COMBINATIONS OF COMPONENTS DESCRIBED IN PATENT APPLICATION

In one embodiment, the composition of matter claims include various combinations of the
polymer components such as molecular weight, functional groups, monomer components, and
molar amounts of said components. In a further embodiment, the claimed compositions include
combinations of the dependent claims. In a further embodiment, a range or equivalent thereof of
a particular component shall include the individual component(s) within the range or ranges

within the range.

13
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can be applied to_at |east one of_ the precipi.tatjon, coagulation, and
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range or equival ent thereof of a particular conponent shall include the

i ndi vi dual conponent(s) within the range or 10 ranges within the range. WO
2011/ 127002PCT/ US2011/ 031153 5 CLAI M5

14



W claim 1. A conposition conprising a polyner derived from at

| east two nononers: acrylic-x and 10an al kyl am ne, wherein said acrylic-x
has t he fwbl2ow/mgookor mul a: RL wherein X = OR and wher eiPaTRS2®1A81188 Kyl or
aryl group, wherein RL is Hor an al kyl or an aryl group, and
wherein the nol ecul ar wei ght of said 15polynmer is between 500 to 200, 000,
and wherein said polyner is nodified to contain a functional group capable
of scévenging one or nore conpositions containing one or nore netals. 2.
The conposition of claim1l, wherein theatMecti onal group contains a sulfide
contai ning chem stry. 203. The conposition of claim1l1, wherein said
functional Weeliis a dithiocarbamate salt group and wherein said pol yrmer
has between 5 to 100 nole % of said dithiocarbamate salt group. 4. The
conposition of claim1, wherein said alkylamne is at |east one of the

fol | owi ng: lanAspipdsitinecpeimpasinga pelyget deyivechisgro kigash vrremonpmssy: peryhssk evki ni ne,

et hyl,gnedi am I-etk t.Jid . am ri et hyl enetetraarnine
(TETA)8, t et ragelfﬂﬁ enef)’evle%?nélﬁgeal;%lg%g%)}{ﬁ%r@ﬁ%&é‘?ﬁ%ﬁ?gﬁfghehexam' ne (PEHA). 5.
The conposition of claim1, wherein acR}lic-x is at |east one of the
follow ng: nethyl acrylate, nethyl nethacrylate, ethyl acrylate, ethyl

net hacryl ate, propyl acrylate, and p thacryl ate. 306. The
conposition of claiml1l, wherein the acryljc-x is an acrylic ester and the
al kyl amine is PEHA or TEPA or DETA or TEM or EDA, and wherein the nolar
ratio between acrylic-x and alkylamne is from0.85 to 1.5. 7. The
conposition of claimé®6, wherein the nol ecul ar wei ght of said polyner is
from 1, 500 t owBsr@@X a R anderheiem R iseanpdiyy mearyli goupodi fied to contain nore

e, 58 oL ARGEGRL 158k DUoRat oo o nais MRLSR LBt g
fromlat | east pdlywermrpbawesnsit0ac260,000; x and an al kyl am ne, wherein said
acrylic-x hasarfd@v e;’e?rh !:.a(ljcw i)cﬂ%ngrqg n%li%éd 5)1c0ntain a functional group capable of scavenging

one or more compositions containing one or more metals.

2. The composition of claim 1, wherein the functional group contains a sulfide containing
chemistry.

20 3. The composition of claim 1, wherein said functional group is a dithiocarbamate salt group
and wherein said polymer has between 5 to 100 mole % of said dithiocarbamate salt
group.

4. The composition of claim 1, wherein said alkylamine is at least one of the following: an
ethyleneamine, a polyethylenepolyamine, a polyethyleneimine, ethylenediamine (EDA),

25 diethylenetriamine (DETA), triethylenetetraamine (TETA), tetraethylenepetamine
(TEPA), and pentaethylenehexamine (PEHA).

5. The composition of claim 1, wherein acrylic-x is at least one of the following: methyl
acrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate, propyl acrylate, and
propyl methacrylate.

30 6. The composition of claim 1, wherein the acrylic-x is an acrylic ester and the alkylamine is
PEHA or TEPA or DETA or TETA or EDA, and wherein the molar ratio between
acrylic-x and alkylamine is from 0.85 to 1.5.

7. The composition of claim 6, wherein the molecular weight of said polymer is from 1,500

to 8,000 and wherein the polymer is modified to contain more than 55 mole percent

. 35 dithiocarbamic acid or salts thereof.
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X wherein X = OH and salts thereof or NHR2 and wherein RL and R2 is H or an
al kyl or 10aryl group, wherein Ris an alkyl or aryl group, wherein the

nol ecul arweenghi27@e sai d pol yner is between 500 to 200, @0®;uSand/08h163 ei n
said polymer is nodified to contain a functional group capabl e of
scavengi ng one or nore conpositions containing one or nore heavy netals.

9. The conposition qof claim@8, wherein the functional group contains_a

sul fide cont-ai*rfiPRGOT BUHERPSEing 2 PRyMenPraived s S epd AV RoRImrinagy ligh &pdi n

sai d functiongh aigylemie] Wheteifl ki QIR -PRIBEE BN The BrRMR: and wher ei n sai d

pol yner has between 5 to 100 nole % of said ditﬁiocarbanate salt group.

11. The conposition of claim8, wherei 'sai d al klyam ne is at | east one of
the following: an 20ethyl eneam ne; a pdl yet gyl enepol yani ne; a

pol yet hyl enei m ne; ethyl enedi am ne ( ) et hyl enetri am ne (DETA),
triethylenetetraam ne (TETA) and tetraethyl enepetam ne (TEPA); and

pent aet hyl enehexam ne ( PEHA). 12. The “tonposition of claim38, wherein
the acrylic-x is acrylic acid or salts thereof and the al kyl am ne i s PEHA
or TEPA or DETA or TETA or EDA, and wherein the nolar ratio 25between
acrylic-x andVASFyY 7MEhend slty therreipr 881R pang wheroimR' aieR dp Hisw gv eikgkProf ¢l ai m
12, wher el 0t g BBheGikRi e 8o Pbr SO ROMNIER dembILORL SA0E gicB, 000 and
wherein the polyner 'is nodified to contain nore than 55 nole percent

di t hi ocar bam eolz@¢rds between 108 te L9 and whercimsaidrpdyeeripwediticdie contatiaai m 8,
wherein the a : | i ) : 3 Ne. | PA or
DETA o TETA PR Saieefly o ERaRE e it AR A nld

al kyl ar ni ne i beafy owtals. 85 to 1.5. 15. The conposition of claim14, wherein

th I | o i i , : in.th
botymer 1 s SoEi@HosSon SR LR dendeid dab B AMIELaIBE ",
aci d 16r sal t schehesteof .. 35

10. The composition of claim 8, wherein said functional group is a dithiocarbamate salt group

and wherein said polymer has between 5 to 100 mole % of said dithiocarbamate salt
group.

11. The composition of claim 8, wherein said alklyamine is at least one of the following: an

20 ethyleneamine; a polyethylenepolyamine; a polyethyleneimine; ethylenediamine (EDA),
diethylenetriamine (DETA), triethylenetetraamine (TETA) and tetracthylenepetamine
(TEPA); and pentaethylenehexamine (PEHA).

12. The composition of claim 8, wherein the acrylic-x is acrylic acid or salts thereof and the

alkylamine is PEHA or TEPA or DETA or TETA or EDA, and wherein the molar ratio
25 between acrylic-x and alkylamine is from 0.85 to 1.5.

13. The composition of claim 12, wherein the molecular weight of said polymer is from 1,500
to 8,000 and wherein the polymer is modified to contain more than 55 mole percent
dithiocarbamic acid or salts thereof..

14. The composition of claim &, wherein the acrylic-X is acrylamide and the alkylamine is

30 PEHA or TEPA or DETA or TETA or EDA, and wherein the molar ratio between
acrylic-x and alkylamine is from 0.85 to [.5.

15. The composition of claim 14, wherein the molecular weight of said polymer is 1,500
08,000 and wherein the polymer is modified to contain more than 55 mole percent
dithiocarbamic acid or salts thereof..
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