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(57) ABSTRACT 

The present invention relates, generally, to the art of impreg 
nating metal complexes into anion exchange materials to 
provide improved anion exchange materials With a metal 
inside the materials such that the modi?ed materials effec 
tively and ef?ciently remove or recover various metals, 
including metal containing complexes, compounds, and 
contaminants, such as arsenic, from, for example, process 
solutions, ef?uents and aqueous solutions. Uses for the 
improved anion exchange materials are also described as are 
methods of making modi?ed anion exchange materials, and 
methods of removing and recovering at least one metal or 
contaminant from a source. 
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MODIFIED ANION EXCHANGE MATERIALS 
WITH METAL INSIDE THE MATERIALS, 

METHOD OF MAKING SAME AND METHOD OF 
REMOVING AND RECOVERING METALS FROM 

SOLUTIONS 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of US. provi 
sional patent application No. 60/603,161 ?led on Aug. 20, 
2004. 

FIELD OF THE INVENTION 

[0002] The present invention relates, generally, to poly 
meric anionic exchange materials, including resins, in Which 
a metal complexing group or substance is not only present 
on the materials but is also located inside the materials. Also 
described are methods for making improved anionic 
exchange materials and for removing and recovering metals 
and contaminants from a source including, for example, 
ground and potable Water. 

BACKGROUND OF THE INVENTION 

[0003] Arsenic, in its metallic form, does not occur in 
nature and in fact is practically of no commercial value. 
Arsenic trioxide, hoWever, is a classic inorganic poison, 
Which Was used for many years to, among other things, 
control insects. Although some arsenic enters the environ 
ment from manmade sources, most arsenic contamination is 
naturally occurring. Arsenic in Water is almost alWays 
anionic, and generally takes on one of tWo forms, either the 
“trivalent” arsenite anion or the “pentavalent” arsenate 
anion. The terms trivalent and pentavalent refer to the 
valence of the arsenic in the arsenite and arsenate. Arsenate 
is generally considered much easier to remove than arsenite. 

[0004] In recent years, the presence of dissolved arsenic, 
as Well as other contaminants, in groundWater has emerged 
as a major concern on a global scale. The concern stems, at 
least in part, from the fact that groundWater is a major source 
of potable Water. According to the estimate of the United 
States Environmental Protection Agency (USEPA), the 
neWly promulgated 10 ug/L arsenic maximum contaminant 
level (MCL) in drinking Water Would require corrective 
action for more than 4000 Water supply systems serving 
approximately 20 million people. A vast majority of these 
systems are groundWater systems. Natural geochemical con 
tamination through soil leaching is the primary contributor 
of dissolved arsenic in ground Waters around the World. 

[0005] On the other hand, recovered arsenic is an impor 
tant commercial commodity, With about 70% of the end uses 
being Wood preservatives and herbicides, While cotton des 
iccants, glass and ?otation reagents account for some of the 
other uses. The major raW material used in these arsenic 
chemicals is arsenic trioxide, the World demand for Which is 
estimated to be about 100,000 tons per year (as Prac 
tically all of this arsenic oxide is recovered from mineral 
processing residues, mostly from the ?ue dusts produced in 
the smelting of sul?de concentrates. 

[0006] The removal and recovery of arsenic, as Well as 
other metals and contaminants, from, for example, process 
solutions process solutions, effluents and aqueous solutions 
is thus an important process. Generally, there are several 
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knoWn methods for removing and recovering metals and 
contaminants including precipitation, co-precipitation, 
adsorption, liquid-liquid extraction and ion exchange. Tra 
ditional treatment methods for the removal of, for example, 
arsenic from Water include coagulation in the presence of an 
iron salt, adsorption by activated alumina exchange by a 
strongly basic anion resin, and various membrane processes, 
such as reverse osmosis and electro-deioniZation. Methods 
of coagulation and ?ltration are also Well documented. 

[0007] All of the traditional treatment methods for the 
removal of metals and contaminants from, for example, 
process solutions, effluents and aqueous solutions have had 
varying success. For example, When properly constructed 
and operated, oxidation folloWed by iron coagulation and 
?ltration can reduce as much as 95% of arsenic that may be 
present Other metals, such as aluminum and magnesium to 
name only a couple, can similarly remove arsenic. HoWever, 
With any coagulation process, if upsets occur, the percentage 
of removal can be someWhat problematic. There is also the 
necessity to add iron salt if insuf?cient iron is present 
naturally and to deal With arsenic laden sludge generated by 
the process. Also, membrane processes are generally con 
sidered overly expensive for drinking Water applications, 
unless reduction of total dissolved solids is desired. On the 
other hand, When membrane processes are employed for 
other reasons, their ability to remove arsenic provides an 
additional bene?t. Ion exchange, although often touted for 
arsenic removal is limited, primarily because sulfate, Which 
is present in most potable Water, interferes strongly. Addi 
tionally, there are numerous inorganic adsorbent materials 
and medias that have demonstrated various degrees of 
success at removing metals from process solutions, effluents 
and aqueous solutions, for example. 

[0008] Chanda et al. authored “Ligand Exchange Sorption 
Of Arsenate And Arsenite Anions By Chelating Resins In 
Ferric Ion Form: I. Weak-Base Chelating Resin DoW XFS 
4195,” Reactive Polymers, 8(1988) 251-261. Chanda et al. 
describe a Weak base chelating resin Which is activated by 
treatment With hydrochloric acid solution after Which the 
resin is agitated in a solution of FeCl3-H2O then rinsed With 
Water. The resulting ferric polychelate resin is used to 
remove arsenic until exhausted and regenerated treated 
NaOH, Washed and then protonated afresh With an acidi?ed 
ferric chloride solution, rinsing With Water and returning to 
service. 

[0009] The Chanda et al. publication describes loading 
iron as a cation (Fe+3) by chelation, not by ion exchange. 
The resin involved is functionaliZed With a chelating agent 
that is also an amine. The interaction With the resin and iron 
is by ligand bonding. The complex amine functionality also 
has Weak base anion exchange characteristics but no anion 
exchange is involved in the reaction With iron. Since the 
resin is Weakly basic, there is no electrostatic repulsion 
mechanism to prevent the positively charged iron from 
entering and bonding With the chelating groups. Also, the 
iro+r31 is loaded from dilute acidic solution Which favors the 
Fe and avoids forming the complex FeCl4_ Which is the 
opposite of the conditions used in the present invention 
Where the iron is loaded as the FeCl4_ anionic complex. The 
fact that Chanda et al. rinse the iron laden resin With Water 
as a ?nal step also indicates that the iron is not in the form 
of an anionic complex. If it Were such a complex, the 
complex Would decompose and leave the resin free of iron. 
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[0010] Thus, Chanda et al. maintain iron in the Fe+3 form 
(as a cation) and operate under acid conditions to stabilize 
the ligand bond. Regeneration of arsenic laden chelating 
resin is by contact With NaOH. HoWever, this precipitates 
iron, Which destroys the functionality of the resin. In order 
to reuse the resin, Chanda et al. must reload the iron by 
passing an acidi?ed dilute ferric chloride solution, Which 
solubiliZes and removes the precipitated iron from the 
previous cycle. Some build up of iron is observed, primarily 
on the surface, Which eventually causes a decrease in 
performance after a feW cycles. Chanda et al. note this and 
describe a step of completely stripping the iron, including 
the precipitated iron, by rinsing the resin With dilute hydro 
chloric acid and starting aneW. 

[0011] In contrast, the present invention uses strongly 
basic resins, loads the iron from highly concentrated solu 
tions With very high chloride salt concentrations speci?cally 
designed to form the FeCl4_ complex and to load the entire 
resin With the complex by ion exchange as an anion. The 
present invention also uses NaOH to precipitate the iron 
inside the gel phase of the resin. When the arsenic laden 
resin is regenerated to desorb the arsenic With NaOH, the 
iron remains unaffected. The alkaline regeneration process 
has no impact on the iron content of the resin because it is 
immobiliZed as a precipitate inside the resin and is insoluble 
in NaOH. 

[0012] US. Pat. Nos. 4,116,856, 4,116,857, 4,116,858, 
4,159,311, 4,183,900, 4,243,555 and 4,347,327 of Lee et al. 
describe anion exchange resins having suspended therein 
microcrystalline LiOH-2Al (OH)3 and MgX2-2Al (OH)3 
structures for recovering lithium and magnesium ions, 
respectively, from brines. Lee et al. do not describe loading 
AlCl3 on a resin. Instead, the resin is soaked in an AlCl3 
solution and then treated With a dilute solution of ammo 
nium chloride and ammonium hydroxide to convert the 
aluminum to Al(OH)3 Which coats the surface of the resin. 
There is no complex anion formation. There is also no 
indication that aluminum undergoes any complex formation 
or is attracted by such a mechanism into an anion resin. The 
ammonia is suf?ciently basic to precipitate the aluminum 
but not so basic as to re-dissolve it as an anion complex. 

[0013] In order to create an anion complex from alumi 
num, one Would have to raise the pH high enough to make 
the aluminum behave as an anionic complex-aluminate. This 
Would be easy to do With a stronger alkali solution such as 
NaOH or KOH or pure NH4OH. The mixture of NH4Cl With 
NH4OH loWers the pH so that the amphoteric state is 
avoided and aluminum stays on the surface. As such, it is 
impossible to migrate into the gel phase. Lee et al. con?rm 
this stating that “small crystals formed in small pores, voids 
and spaces in the resin Which are detectable by X-ray 
diffraction if not by microscope.” In other Words, the metal 
is not inside the gel phase of the resin as in the present 
invention. 

[0014] US. Pat. Nos. 4,366,261, 4,446,252 and 4,629,741 
of Beale, Jr. describe anion exchange resins having chro 
mium III oxide (Cr2O3-nH2O) in the resin for removing 
metal cations from aqueous solutions. In the Beale patents, 
resin is soaked in a saturated solution of chromium chloride 
that is mixed With hydrated chromium chloride. The chro 
mium is not able to load onto the anion resin as a chloride 
complex and it does not form anionic complexes With 
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chloride. It is in the form of Cr+3, CrCl3 (dissociated) or as 
CrCl3 (solid) as part of a supersaturated solution or slurry. 
After the soak, the solution is drained off by ?ltration, and 
the Wet resin is dried. Clearly, the Beale patents describe a 
process for coating a resin surface With a foreign substance. 
HoWever, it is unclear Whether an anion resin is even 
required. Whether an inert polymer or a cation resin Would 
perform as the substrate as Well as an anion resin is not 
obvious to one of ordinary skill in the art. Instead, Beale 
points out the order of preference of the resin to be used is 
dependent upon the physical porosity of the resin. There is 
no mention of ion exchange capacity Which clearly means 
that the physical surface area, not ion exchange capacity, is 
the most important factor as dictated by a process of surface 
coating. 
[0015] All types of anion exchange materials used in, for 
example, adsorption columns that operate for many thou 
sands of bed volumes are prone to fouling With suspended 
solids and operational problems, such as channeling. Since 
many types of anionic exchange materials are able to reduce 
arsenic beloW 10 ppb, the materials that cost the least per 
pound are often favored by equipment suppliers. HoWever, 
cost per pound is not alWays the best indicator of the 
effectiveness of an anion exchange material. As the date for 
implementing the neWly promulgated 10 ug/L arsenic MCL 
in drinking Water looms ever closer, available anionic 
exchange materials Will come under closer scrutiny. Simi 
larly, the maximum contamination levels of other contami 
nants Will also require more ef?cient and improved anion 
exchange materials. Therefore, there is a need for improved 
anion exchange materials, improved methods of making 
anion exchange materials and improved methods of remov 
ing metals and contaminants from process solutions, ef?u 
ents and aqueous solutions in general. 

SUMMARY OF THE INVENTION 

[0016] The present invention relates, generally, to the art 
of incorporating metal complexes on to and into anion 
exchange materials to provide improved compositions and 
modi?ed anion exchange materials With a metal or metals 
inside the materials such that the modi?ed materials effec 
tively and efficiently remove various metals, in the form of, 
metal containing complexes, compounds, and contaminants, 
including arsenic, from, for example, process solutions, 
ef?uents and aqueous solutions. For example, metals Which 
are effectively removed from an aqueous solution by the 
anion exchange materials of the present invention include 
substances containing polyvalent and monovalent transition 
metals. 

[0017] The improved anion exchange materials of the 
present invention have at least one metal Wherein at least a 
portion of the metal is inside the material. Such anion 
exchange materials may include, but are not limited to, 
anion exchange resins, membranes and structures. The anion 
exchange material With Which one starts may be any par 
ticular Water-insoluble polymeric material Which contains 
strongly basic amine groups attached to the polymeric 
material including those described in more detail beloW. 
Such anion exchange materials are knoWn to those of 
ordinary skill in the art and selection of a particular starting 
anion exchange material or structure is considered Within the 
skill of those knoWledgeable in this ?eld. 

[0018] Speci?cally, the present invention is directed to 
compositions and modi?ed anion exchange materials having 
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at least one metal Wherein at least a portion of the metal is 
inside the material. For example, a strongly basic anion 
exchange resin bead impregnated With a metal containing 
substance is part of the present invention. 

[0019] Another aspect of the invention relates to methods 
for making modi?ed anion exchange materials after adding 
a metal containing substance to a salt, acid or base material 
to form an anionic substance comprising a metal containing 
complex. The method includes, but is not necessarily limited 
to loading the anionic substance comprising a metal con 
taining complex on to and into an anion exchange material; 
and immobiliZing or precipitating the metal containing com 
plex inside the anionic substance to form a modi?ed anion 
exchange material. 

[0020] In other aspects of the invention, methods of 
removing and recovering at least one metal or contaminant 
from a source are described. For example, described herein 
are methods of removing and recovering a metal from a 
source comprising the steps of: exchanging anionic sites on 
a material With an anionic metal complex; immobiliZing the 
anionic metal complex to maintain the metal inside the 
material forming a metal-material; and contacting the source 
With the metal-material. 

[0021] Thus, the present invention provides loW cost, very 
robust, modi?ed anionic exchange materials having a metal 
inside the materials Which are capable of functioning in a 
variety of apparatus as in a very Wide range of operating 
conditions since the metal inside the exchange materials is 
not easily displaced from the material. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] The present invention relates, in part, to getting a 
metal to enter or go inside anion exchange materials in order 
to provide improved anion exchange materials. More spe 
ci?cally, the present invention relates to compositions and 
materials in Which a complexing group containing a metal is 
not only attached on to but is also located, precipitated or 
immobiliZed inside an anionic exchange material. As used 
above, “complexing group” or simply “complex” means an 
atom, molecule, ion or chemical group Which, upon being 
bonded, attached, sorbed or physically located at, close to or 
throughout the volume of a solid surface or a porous 
structure or support, the material causes a signi?cant 
enhancement in the tendency of an ionic or neutral species 
to adhere to its surface or to become attached or occluded 
inside the porous solid. The mechanism by Which this effect 
is achieved may consist of the formation of a coordinate 
covalent complex species, an insoluble or scarcely soluble 
compound, or a non-dissociated or Weakly dissociated cova 
lent or ionic species. 

[0023] It is Well knoWn that anionic complexes of various 
metals, including tetrachloride, are attracted by anion 
exchange materials such as anion resins. HoWever, the 
complex is often unstable and requires the presence of other 
substances in the solution to form and become stabiliZed. 
When these other substances are removed, the complex Will 
disintegrate. The anionic complex form of the metal is 
necessary to get the metal inside the gel phase of the resin. 
For example, When an anionic resin containing an anionic 
complex is Washed With Water, the anionic complex is 
displaced or extricated from the resin. Therefore, although 
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the materials may be in the metal complex form, the metal 
complex is not able to stay inside the materials. Accordingly, 
an important aspect of the present invention is to provide 
improved modi?ed anionic exchange materials by methods 
Which enable a metal to, not only be attracted to the surface 
of the materials, but also to go inside anion materials as an 
anionic complex, ultimately trapping the metal inside the 
materials as either a cation or as a neutral species. The 
loading and trapping steps can be repeated many times, 
thereby increasing the amount of metal trapped inside the 
resin beyond the stoichimetric limit. The amount of metal 
containing complex that can be loaded into the resin in a 
single step is only limited by the total ion exchange capacity 
of the resin. For example, if the resin has a total capacity of 
1.5 equivalents per to liter then the maximum amount of 
ferric chloride complex that can be loaded in a single step is 
the same, 1.5 equivalents per liter of resin. When the 
complex is destroyed by reaction With an alkali material the 
amount of iron left behind (inside the gel phase of the resin) 
Will be 1.5 moles of iron as iron per liter of resin (starting 
resin volume basis) since each equivalent of ferric chloride 
complex contains one atom of iron. This means that 1.5 
times the atomic Weight of an iron atom (55.8) or 83.7 grams 
of iron per liter of resin is left inside the gel phase of the 
resin. HoWever, once the complex has been broken and the 
iron has been trapped the ion exchange capacity of the resin 
is once again available to engage in another cycle of loading 
and trapping. 

[0024] By the present invention, metal levels in the resin 
Well above the amount represented by the total capacity have 
been achieved in this very manner. For example, a solution 
of ferric chloride, sodium chloride and hydrochloric acid is 
combined With of ResinTech SBGl-Chloride and alloWed to 
equilibrate for tWo or more hours. The solution is then 
drained from the resin and replaced With the same amount of 
a fresh solution of the same composition and again alloWed 
to sit for 2 hours, drained and replaced as a multistage batch 
contact approach to loading the iron. The multi stage batch 
contacts just described can be repeated and each time the 
iron complex loaded on the resin Will increase until, even 
tually the amount of iron complex loaded approaches the 
theoretical maximum. This is the exchange capacity of the 
resin. Similarly, a large volume of solution can be passed 
sloWly thru the resin in a column operation until the resin is 
fully saturated With the complex and the exchange capacity 
of the resin is 100% in the ferric chloride complex form. 
Regardless of Whether batch contacts or columnar operation 
is employed it may be found to be more practical to stop 
someWhat short of the theoretical maximum, “?x” the iron 
on the resin by reaction With sodium hydroxide. Once the 
iron is “?xed” the loading process can be repeated again to 
load the ferric chloride complex until it again approaches the 
total exchange capacity of the resin folloWed by ?xing the 
iron. When the loading and ?xation steps are repeated in this 
manner it is possible to achieve iron loading values far in 
excess of the theoretical capacity of the resin. 

[0025] It is not Well understood by those of ordinary skill 
in the art hoW one overcomes the cationic charge barrier, 
often referred to as the Donnan barrier, present inside an 
anion exchange material such that cations are able to pen 
etrate the surface of an anion exchange material such as a 
resin bead. Thus, the present invention also relates to anion 
exchange materials Which are very selective such that cer 
tain complex anions that contain at least one metal atom as 
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part of the complex are transferred or exchanged past the 
Donnan barrier and into the anion exchange material. The 
anion exchange material can be either in the same or 
different ionic form as the metal containing complex. 
Accordingly, a surprising and unexpected bene?t of the 
modi?ed anion exchange materials of the present invention 
is that a metal is contained or trapped in the exchange 
material in a solid state but is still able to take part as though 
it Were ?nely dispersed Within the exchange material. Mean 
While, the anion exchange material continues to function in 
a similar or the same manner as it Was capable of functioning 
prior to containing the metal. In other Words, the anion 
exchange material With the metal inside the material, as 
described in more detail beloW, acts as both its original anion 
exchange material and as a highly selective adsorbent for 
certain anion containing metals. 

[0026] The modi?ed anion exchange materials of the 
present invention can be used With a variety of apparatus and 
have Wide point of use applications including, for example, 
the treatment of municipal Water supplies and Water plumb 
ing systems, such as Water distributors, cooling toWers, etc., 
as Well as point of use applications in other ?elds, including 
sanitiZation and steriliZation, such as medical, dental and 
veterinary disinfection and steriliZation, surface and instru 
ment disinfection and steriliZation, hot and cold Water sani 
tiZation, dental Water line sanitiZation, membrane sanitiZa 
tion and steriliZation, as Well as food and animal 
disinfection, bacteria control, Waste treatment, and ionic 
puri?cation of aqueous solutions. It Will be appreciated by 
those skilled in the art that other uses of the modi?ed anion 
exchange materials of the present invention are possible 
Without departing from the broad invention concept thereof. 

[0027] A primary purpose of the present invention is to 
provide an improved anion exchange material Which effec 
tively and efficiently reacts With or adsorbs arsenic (both in 
the form of arsenate and of arsenite) such that arsenic can be 
removed from aqueous sources such as ground Water. In 
addition to effectively and ef?ciently reacting With arsenic, 
the improved anion exchange material of the present inven 
tion can also effectively and ef?ciently react With or adsorb 
other metals, including but not limited to, selenium, ?uoride, 
phosphate, silicate, ?uoborate, cyanide, cyanate, oxyanions 
and other similar contaminants from various sources some 
of Which are described above. The modi?ed anion exchange 
materials of the present invention are also useful as oxida 
tion-reduction or redox media and as catalysts for various 
chemical reactions. 

[0028] As used herein, the term “material” as used in 
“anion exchange material” includes granules, beads, grains 
and poWders. These materials can be macroporous but are 
preferably gel-type materials. The anion exchange materials 
of the present invention are preferably anion exchange resins 
Which are formed by the chloromethylation and amination of 
an organic polymer, such as polystyrene. The underlying 
polymer may contain ring-based materials, such as benZene 
rings, or non-ring based materials, such as, but not limited 
to, acrylic acid or methacrylic acid. Polymerization of an 
aromatic amine and an aldehyde or by polymeriZation of a 
polyamine, a phenol and an aldehyde is also possible. Such 
resins have a large number of electrically charged functional 
groups disbursed throughout their structure. In general, the 
extent of polymeriZation or condensation in the resins is 
carefully controlled so that a limited amount of cross-1 
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inking occurs to render the resins insoluble in Water or any 
other polar solvent With Which they are to be employed but 
leaving them capable of absorbing Water or other solvents so 
as to sWell therein. The presence of Water or other polar 
solvents absorbed in the resins causes or enables ionic 
mobility throughout the resin bead so that the mobile ions 
can interact With the functional groups and can be 
exchanged for other anions from the resin. For example, a 
resin in the hydroxide form can exchange its hydroxide ions 
for an equivalent amount of chloride or sulfate ions. 

[0029] The anion exchange materials suitable for prepar 
ing the modi?ed materials of the present invention are 
organic porous materials With ionic charges and anion 
exchange capacity. Preferably, the anion exchange materials 
are polymer-based and, as described above, are sometimes 
referred to as anion exchange resins. Polymer-based anion 
exchange materials are commercially available or can be 
readily prepared from materials that are commercially avail 
able and cover a broad spectrum of different anion exchange 
materials With varying exchange capacity, porosity, pore siZe 
and particle siZe. 

[0030] All anion exchange resins contain a gel phase, 
Which is the name commonly used to describe the interior of 
an ionically charged polymer. The polymer itself is suf? 
ciently porous on a molecular scale to alloW ions to travel 
freely through out the particle. Macroporous resins also have 
physical porosity. Materials, especially resins, With physical 
porosity are typically referred to as “macroporous” or 
“macro reticular.” The terms “macroporous” and “macro 
reticular” are typically used interchangeably. As the term is 
commonly used in the art, “macro reticular” generally means 
that the pores, voids, or reticules are substantially Within the 
range of about 200 to about 2,000 Materials Without 
physical porosity are referred to “gel types.” The gel-phase 
of organic anion exchange materials are particularly pre 
ferred in the practice of the present invention Which applies 
to both macroporous and gel type resins since they are 
usually less expensive and in some cases offer higher 
operating capacity. 

[0031] Anion exchange resins are characteriZed as either 
strong base or Weak base anion exchange resins depending 
on the active ion exchange sites of the resin. The resin matrix 
of Weak base anion-exchange resins contain chemically 
bonded thereto a basic, nonionic functional group. The 
functional groups include primary, secondary, or tertiary 
amine groups. These may be aliphatic, aromatic, heterocy 
clic or cycloalkane amine groups. They may also be 
diamine, triamine, or alkanolamine groups. The amines, for 
example, can include alpha, alpha-dipyridyl, guanidine, and 
dicyanodiamidine groups. Other nitrogen-containing basic, 
non-ionic functional groups include nitrite, cyanate, isocy 
anate, thiocyanate, isothiocyanate, and isocyanide groups. 
Pyridine groups may also be employed. 

[0032] Strong base anion exchange resins consist of poly 
mers having mobile anions, such as chloride, bicarbonate, 
hydroxide and the like, associated for example With 
covalently bonded quaternary ammonium, phosphonium or 
arsonium functional groups or tertiary sulfonium functional 
groups. These functional groups are knoWn as active sites 
and are distributed through out the volume of the resin. 
Strong base anion-exchange resins have the capacity to 
undergo ion exchange independent of the pH of the medium 
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Which surrounds the resins by virtue of their intrinsic ionic 
character. Strong base anion exchange resins in the chloride 
form are preferred in the practice of the present invention. 
HoWever, regardless of the initial ionic form, a resin Will be 
converted to both the counter ion (Cl') and the metal 
containing complex anion (FeCl4_) forms by the complex 
containing solution during the loading process With virtually 
the same result as if the resin had started in the counter ion 
(Cl‘) form. Also, a small amount of complexed iron can be 
directly loaded into the resin by using the hydroxide form of 
the resin if the initial loading of the complex on to the resin 
is folloWed by subsequent precipitation by the remaining 
hydroxide capacity. HoWever, it is expected that this proce 
dure Would be limited to a fraction of the potential loading 
capacity of the resin based on valence relationships. For 
example, ferric chloride Would occupy a site and then react 
With the hydroxides of at least 2 and possibly 3 additional 
sites to become immobiliZed such that the potential loading 
is reduced to a fraction of What it Would have been if the 
resin Was used in its chloride or neutral salt form. 

[0033] Examples of suitable strong base anion exchange 
resins are knoWn in the art and are disclosed in Samuelson, 
Ion Exchange Separations In Analytical Chemistry, John 
Wiley & Sons, NeW York, 1963, Ch. 2, incorporated herein 
by reference. Preferred anion exchange resins are those 
resins having a chloride counter ion Whereby the resin is in 
the counter ion form before the start of the process or 
converted to that form during the during the exchange 
process. Hence, preferred anion exchange resins are those 
resins having quaternary amine exchange groups chemically 
bound thereto, for example, styrene-divinyl benZene copoly 
mers substituted With tetramethylamine. 

[0034] Preferred anion exchange resins also include 
crosslinked polystyrene substituted With quaternary amine 
such as the ion exchange resins sold under the trade names 
AMBERLITE IRA-400 by Rohm and Haas Company and 
DOW SBR by DoW Chemical Company or ResinTech 
SBG1. Such resins are typically sold in a variety of ionic 
forms. The term “ionic form” refers to the counter ion 
attached to the charged functional group of the resin. Vir 
tually any negatively charged ion can become a counter ion. 
Some examples of counter ions are chloride, hydroxide, 
carbonate, bicarbonate, sul?te, bisul?te, sulfate, bisulfate, 
borate, iodide and complexed iodide/iodine. Those of ordi 
nary skill in the art Will recogniZe that the counter ion is 
often included in the name of the resin, With the possible 
exception of the chloride ion, Which is a de facto standard 
form for most strong base resins. For example, ResinTech 
SBG1-OH is ResinTech SBG1 With hydroxide counter ions. 
ResinTech SBG1-HCO3 is ResinTech SBG1 With bicarbon 
ate counter ions. Likewise, ResinTechSBG1-Cl is ResinTech 
SBG1 With chloride counter ions. Typically, strongly basic 
resins are supplied in the chloride form unless other counter 
ion forms are speci?ed. When a strong base resin is supplied 
in the chloride form (With chloride counter ions), it is 
common practice to use only the product name Without 
mentioning the ionic form. For example, ResinTech SBG1 
Cl is referred to as simply ResinTech SBG1. 

[0035] Examples of anion exchange materials suitable for 
the present invention also include: strong base cross-linked 
Type I anion exchangers; certain Weak base cross-linked 
anion exchangers Which can exchange the complex or have 
some strongly basic functionality that can exchange the 
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complex; strong base cross-linked Type II anion exchangers; 
strong base/Weak base anion exchangers; strong base per 
?uoro aminated anion exchangers; and naturally occurring 
anion exchangers such as certain clays. The anion exchange 
materials can be a strongly basic resin With acrylic or 
styrenic polymer having a variety of amine exchange groups 
including, but not limited to, trimethylamine, triethylamine, 
tributylamine, dimethylethanolamine, dimethylamine and 
trihexylamine. 

[0036] Strongly basic anion-exchange resins can be qua 
ternary amine resin containing CH2N(CH3)n+X_ groups, 
that is the type knoWn as Type I resin. Type II resins, Which 
contain CH2N[(CH3)2(CH2CCH2OH)]+X‘ groups, may 
also be used effectively. The anion exchange material is said 
to be in the chloride form When X“ is the chloride ion (Cl'). 
HoWever, after regeneration according to one method of the 
present invention, X“ represents hydroxyl ion OH“, and the 
anion material is said to be in the hydroxide form. The anion 
active resins may be activated or regenerated by passing a 
dilute solution, for example, 0.1%-20% of sodium carbon 
ate, caustic soda, potassium carbonate, potassium hydrox 
ide, organic bases and the like through the bed and subse 
quently Washing With Water. 

[0037] Examples of suitable resins are gel-type anion 
exchange resins Which contain primary, secondary, tertiary 
amine and quaternary ammonium groups. Such resins 
include Amberlite IRA-400, Amberlite IRA-402, Amberlite 
IRA-900, DoWex I, DoWex 21K, Ionac A540, and Amberlite 
IRA-68, DoWex SBR, DoWex SAR, DoWex SBR-P, DoWex 
MSA-1, ResinTech SBG1, ResinTech SBG1-P, ResinTech 
SBG2, ResinTech SBACR, ResinTech SBMP1, ResinTech 
WBACR, ResinTech WBG30 and ResinTech SIR-22P. 

[0038] Macroporous resins can also be used effectively in 
preparing the modi?ed anion exchange materials of the 
present invention. Some of the macroporous resins Which 
can be used effectively are those listed in Ullmann’s Ency 
clopedia under the heading “Strong Base anion resins— 
macroporous types.” 

[0039] Other commercially available anion exchange res 
ins Which are useful in the present invention include: Puro 
lite anion exchange resins A-600, A-400, A-300, A-300E, 
A-400, A-850, and Rohm & Haas resins IRA-400, IRA-402, 
and IRA-904; and Bow resins SBR, SAR, and DoWex II, 
Ionac ASB-1, Duolite A-109 and the like. 

[0040] As referred to in US. Pat. No. 4,366,261, still other 
effective commercial anion resins are discussed in the Kirk 
Othmer Encyclopedia of Chemical Technology, Vol. II, 
pages 871-899 on the subject of “Ion Exchange.” Yet 
another helpful reference is a book titled “Ion Exchange” by 
F. Helfferich published by McGraW-Hill, 1962. Additionally, 
detailed information about pore siZes of “gel-type,”“mi 
croreticular,” and “macro reticular” ion exchange resins may 
be found in “Ion Exchange in The Process Industries” 
published in 1970 by The Society of Chemical Industry, 14 
Belgrave Square, London, S.W.I., England. 

[0041] Any other anion active resin may be used in 
making the modi?ed anion exchange materials of the present 
invention including but not limited to: m-phenylene 
diamine-formaldehyde resins, polyamine-formaldehyde res 
ins, alkyl and aryl substituted guanidine-formaldehyde res 
ins, alkyl and aryl substituted biguanide, and guanyl urea 
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formaldehyde resins, for example, corresponding 
condensation products of other aldehydes, for example, 
acetaldehyde, crotonaldehyde, benZaldehyde, furfural or 
mixtures of aldehydes may also be employed if desired. The 
resins such as those prepared from the guanidine, guanyl 
urea, biguanide, the polyamines, and other materials Which 
do not form substantially insoluble condensation products 
With formaldehyde for most practical purposes are prefer 
ably insolubiliZed With suitable materials, etc., urea, ami 
notriaZines, especially melamine, the guanamines Which 
react With formaldehyde to produce insoluble products, etc. 
Furthermore, mixtures of the anion active materials as Well 
as mixtures of the insolubiliZed materials may be used. 

[0042] Usually it is convenient to employ the salts of the 
bases but the free bases may also be used effectively. 
Examples of suitable salts are: guanidine carbonate, guani 
dine sulfate, biguanide sulfate, biguanide nitrate, guanyl 
urea sulfate, guanyl urea nitrate, guanyl urea carbonate, etc. 

[0043] The anion active resins may be prepared in the 
same general manner as that described in either US. Pat. No. 
2,251,234 or US. Pat. No. 2,285,750. Most preferably, the 
starting anion exchange material is a strong base, styrenic 
polymer, gel-type resin. Any anion exchange material Will 
remove, for example, arsenic from a contaminated Water 
source. HoWever, commercially available anion exchange 
materials, including the anion exchange resins described 
above, alloW the arsenic to be displaced from the anion 
exchange materials by other ions present in the Water source, 
most notably sulfate, such that the anion exchange materials 
are capable of only a very limited throughput and if it 
becomes overrun, it Will “dump” the arsenic. Dump is a 
chromatographic term used in the art describing the mecha 
nism be Which an ion of higher preference displaces an ion 
of loWer preference Which then comes out of the resin at 
concentrations higher than the inlet. In contrast, the modi?ed 
anion exchange materials of the present invention do not 
dump arsenic under any typical potable Water chemical 
environment. 

[0044] Without intending to be limited to the folloWing 
description, the present invention includes any anion 
exchange material, preferably a strongly basic anion 
exchange resin, most preferably a strongly basic gel type 
anion exchange resin, that contains at least one metal inside 
the anion exchange material yet the anion exchange material 
remains available to take place in chemical reactions, redox 
reactions and chemical sorption reactions. That is, the anion 
exchange material retains its original anion exchange char 
acteristics and, therefore, the anion exchange material may 
or may not take part in the reaction process involving, for 
example, the removal of a contaminant by the metal itself. 
Preferably, the starting anion exchange material contains at 
least one amine exchange group selected from the group 
consisting of trimethylamine, triethylamine, tripropylamine, 
tributylamine, dimethylethanolamine, dimethylamine, tri 
hexylamine and methylamine. For example, an ion exchange 
material made With tri-ethylamine functional groups has 
reduced selectivity for certain ions or classes of ions. This 
type of resin has a reduced affinity for multivalent ions and 
is useful in removing nitrate from potable Water. In such 
applications, sulfate is a major potential interfering sub 
stance. Aresin With a reduced af?nity for sulfate has bene?ts 
over ordinary resins, Which prefer sulfate over nitrates. A 
tri-ethylamine based resin is often referred to as being 

Feb. 23, 2006 

“nitrate selective” because of its ability to resist sulfate 
interferences. When a resin, based on tri-ethylamine func 
tionality, is treated by the method of the present invention, 
it continues to function as a nitrate selective resin With an 
additional functional ability of removing arsenic selectively. 
In other Words, the resin becomes a dual use resins, nitrate 
selective and arsenic selective. In a similar manner, other 
special purpose ion exchange resin can have an added 
functionality of becoming arsenic selective by the process 
described herein. 

[0045] The metals or contaminants Which are effectively 
displaced, suspended, precipitated or immobiliZed inside the 
anion exchange material referred to above may be, for 
example, a transition-type metals including, but not neces 
sarily limited to, copper, cobalt, nickel, titanium, Zirconium, 
cadmium, cerium, ruthenium, rhodium, rhenium, molybde 
num, aluminum, lithium, gallium, lanthanum, manganese, 
tin, palladium, platinum, gold, mercury and, preferably, iron. 
Some light metals, non-metals, and their ions, including 
both monovalent and polyvalent ions, are also Within the 
purvieW of the present invention. 

[0046] The modi?ed anion exchange materials of the 
present invention are capable of operating effectively in a 
Wide pH range. For example, the modi?ed anion exchange 
materials of the present invention can Work effectively at a 
pH range of betWeen 3.0 and 11.0, and possibly at a pH 
beloW 2.0 and above 10.0, although some decomposition of 
the modi?ed resin is expected to occur beloW pH 3. Pref 
erably the range of the pH is betWeen 4.0 and 10.0, most 
preferably betWeen 4.5 to 9.5, since the pH of potable Water 
is usually in the range of approximately 5 to 9. The pH of 
any source coming into contact With the modi?ed anion 
exchange materials should be monitored and adjusted, if 
necessary. 

[0047] The present invention is also directed to methods of 
making modi?ed anion exchange materials, including anion 
exchange resins, Which involve “loading” a complex into an 
anion exchange material and then reacting the complex in a 
manner that leaves the metal of the metal complex precipi 
tated or immobiliZed inside the anion exchange material. 
Thus, in the present invention, the metal complex containing 
anions are ?rst loaded as anions into the anion exchange 
material and then further reacted While the metal is inside the 
anion exchange material such that the complex is broken and 
the metal is contained or trapped Within the volume of the 
gel phase of the anion exchange material. As a result, the 
metal is immobiliZed and unable to easily escape or be 
displaced from the material. Nevertheless, the metal com 
plex, once inside the anion exchange material, can be 
decomposed and the metal converted to the cationic com 
ponent of an insoluble metal salt such as, for example, a 
hydroxide, an oxide or a sul?de. 

[0048] The methods of making the modi?ed anion 
exchange material of the present invention can be conducted 
either in a column or batch reactor. The batch method can be 
varied by using multiple contacts or With a single contact 
under proper conditions able to make a product With accept 
able performance. The column method enables the amount 
of metal loading to be controlled by alloWing a solution to 
reach equilibrium as it passes through a bed by varying the 
How rate, composition and/or contact time. In addition, the 
solution containing the complex can be recirculated Which 
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allows for complete or partial use of the complex solution 
for producing a prede?ned amount of metal loaded product. 
Multistage contacts, by either the batch or column methods 
of either a resin or the solution, alloW loading to occur 
beyond the stoichimetric limit and re-use of the spent 
solutions to optimiZe the performance of the solution and 
minimize Waste discharge thereby improving operating effi 
ciency during production. 

[0049] The formation of a complex as a function of acid 
concentration for various metals is knoWn and can be found, 
for example, in “Ion-Exchange—A Series of Advances,” J. 
A. Marinsky, Vol. 1 (1966). Even at loW concentrations, a 
sufficient complex can be formed to alloW loading onto an 
anion resin. Thus, those of ordinary skill in the art Will 
appreciate that virtually any acid concentration range can be 
used to form a complex Which provides acceptable perfor 
mance for use in the present invention. 

[0050] Preferably, the method of making the modi?ed 
anion exchange materials of the present invention involves 
the use of a gel type resin as a starting material. Any anionic 
form of a resin may be used, hoWever, chloride, ?uoride and 
hydroxide forms of the resin are most commonly used as 
starting materials. Weakly basic resins, if obtained in the free 
base form, are preferably converted to the acid chloride 
form prior to being contacted With an aqueous metal halide 
that Will interact With the resin causing it to behave as a 
strong base ion exchanger. This is conveniently done by 
treating the resin, under reduced pressure, With an excess of 
an aqueous solution of an acid, such as hydrochloric acid, 
Wherein the salt or acid contains the anion associated With 
the complex. The solution can then be ?ltered, Washed and 
drained off. A pressure differential across the ?lter may be 
employed to increase the draining process, if desired. 

[0051] The method involves activating the anion exchange 
materials, for example the resin, and exchanging anionic 
sites of the resin With an anionic metal complex. After the 
metal complex is exchanged into the gel-phase, the complex 
is further reacted, or broken, in such a Way as to keep the 
metal inside, for example, the bead of the resin. This can be 
accomplished in a variety of Ways, including reacting the 
complex loaded anion exchange resin With one of a variety 
of alkaline reagents including, but not limited to, sodium 
hydroxide, soda ash and ammonia, and/or other metal immo 
biliZing substances Whose anion component Will break the 
metal complex and precipitate or immobiliZe the metal 
including, but not limited to, hydrogen sul?de, sodium 
sul?de and carbamates. 

[0052] Preferably, the method of making the modi?ed 
anion exchange materials of the present invention involves 
adding a metal containing substance to a salt, acid or base 
material to form an anionic substance comprising a metal 
containing complex; loading the anionic substance compris 
ing a metal containing complex onto an anion exchange 
material; and immobiliZing the metal containing complex. 
The loading step of the anionic substance onto an anion 
exchange material can be done repeatedly for tWo or more 
times to approach maximum loading. Parameters Which 
decide the maximum loading are temperature, time, porosity 
of the resins’ gel phase, pore siZe of the resins’ macro pores 
in the case of macroporous anion resins, bead siZe, the metal 
containing substance’s concentration, and the composition 
of the solution used to form the complex. 
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[0053] Most preferably, the salt, acid or base material is a 
gel type or macroporous type, anion resin. Several different 
ions that form anion complexes can be used for loading the 
anion resin including, but not limited to, aluminum hydrox 
ide, sodium aluminate, potassium titanium ?uoride, Zinc 
chloride, Zinc hydroxide, and iron chloride. When a halogen 
salt or halogen based acid, or combination of both, is added 
to a metal halide under proper conditions the metal halide 
Will associate With additional halides to form a metal halide 
complex metallic and or hydrogen ions. After the anionic 
metal complex is formed, the complex is loaded into an 
anion exchange material. The complex loaded anion 
exchange resin is then treated With a sul?de or, preferably, 
a hydroxide trapping the metal inside the anion material. 

[0054] Although not a required step of the method of 
making the modi?ed anion exchange materials of the present 
invention, a concentrated salt or acid Whose composition 
stabiliZes the metal containing complex on the resin can be 
used to rinse and thereby displace the metal laden solution 
from the anion exchange material Without signi?cantly 
displacing the metal from the material. For example, spent 
solution from a previous batch, a concentrated sodium 
chloride solution, sodium chloride With acid solution and 
sodium chloride (or chloride salt) solution can be used to 
displace the metal laden solution. In other Words, the rinse 
solution could be comprised of a salt, acid, neutral or 
alkaline solution, for example hydroxide or chloride com 
pounds, as long as there is a suf?cient concentration of an 
ion that maintains the formation of the complex, prevents the 
complex from coming off the anion material and alloWs for 
the solution to be displaced so that the solution can be 
reused. Thus, the rinse solution should have a pH in a range 
that maintains the anionic substance comprising the complex 
stable. Therefore, the rinse step, While not required for 
methods of the present invention, does improve the chemical 
ef?ciency, ease of processing and effectiveness of loading 
the metal inside the anion exchange material. Preferably, 
after the complex has been loaded, the complex containing 
liquid is drained from, for example, a resin bed and 
reclaimed before the next step. The rinse step facilitates the 
method of making the modi?ed anion exchange materials of 
the present invention but is not necessary to achieve the 
improved anion exchange materials of the present invention. 

[0055] Preferably, concentrated hydrochloric acid and/or 
sodium chloride is added to a solution of iron chloride and 
Water forming an aqueous iron chloride and sodium chloride 
and/or hydrochloric acid solution forming hydrogen ions 
and an iron chloride complex Which can be, for example, a 
FeCl4_ complex. When this complex is combined With an 
anion exchange material, it not only is attracted to the 
cationic charge sites surrounding the resin but also enters the 
gel-phase of the resin. When this combination of the com 
plex and the resin is further combined With a caustic or an 
alkaline material, such as for example sodium hydroxide or 
sodium sul?de, the hydroxide, for example, Will enter at 
least a portion of the material, react With the iron and remove 
at least a portion of excess chloride from inside the material 
thereby leaving the iron inside, for example, immobiliZed 
therein, the material as Fe(OH)3, as an oxide, a hydroxide or 
possibly as some other form of iron, or such that the 
immobiliZed iron Will no longer be associated With the anion 
exchange sites but is rather trapped in the anion polymer 
matrix of the resin. 
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[0056] At this point, the material, Which again is prefer 
ably a gel type resin, is in a mixed ionic form; that is, ions 
associated With the functional group of the anion exchange 
resin Will be a mixture of an anion constituent of the 
complex forming solution and the alkali used to precipitate 
or immobilize the metal inside the resin. For example, in the 
method just described, the functional groups of the anion 
resin Will be left partially in both the chloride and the 
hydroxide forms. Since the chloride is a mobile ion, it is free 
to move inside and outside the material Whereas the iron, 
being immobiliZed, is trapped inside the material. As a 
result, the hydrochloric acid is no longer very effective at 
removing the iron from inside the resin because the hydro 
gen ion disassociated from the acid cannot easily penetrate 
the resin due to the Donnan barrier. HoWever, it is also 
believed that some relatively small amount of the iron Will 
sloWly dissociate from inside the resin in a strong chloride 
solution as it is converted back to a chloride complex. 

[0057] Conversely, sulfuric acid remains effective at 
removing the iron from inside the resin because the sulfuric 
acid forms hydrogen and bisulfate ions When it dissociates. 
The bisulfate ion (HSO4_), Which carries a negative charge, 
is an anion. It is also an acid Which forms hydrogen ions and 
sulfate ions. Therefore it can penetrate the Donnan barrier, 
enter inside the resin Wherein it can liberate hydrogen ions 
that in turn react With precipitated ferric hydroxide to form 
Water and ferric sulfate. Ferric sulfate is a salt consisting of 
positively charged ferric ions (Fe+3) and negative charged 
sulfate ions (SO44). Since the ferric iron is positively 
charged it is expelled by electrostatic repulsion by the 
functional groups of the resin. The sulfate ion interacts With 
exchangeable ions and the resin becomes partially converted 
to the sulfate form Which in turn reaches equilibrium With 
other anions, and With the resin exchange sites. 

[0058] In another preferred method, Zinc is loaded onto 
and inside of the anion material. For example, Zinc chloride 
can be combined With concentrated hydrochloric acid to 
make a Zinc chloride hydrochloric acid solution Which is 
further combined With a halogen form anion resin. It Will be 
appreciated by those skilled in the art based on the descrip 
tion provided above that, instead of using a halogen form of 
the resin, other forms of the resin could also be used 
including, but not necessarily limited to a carbonate, a 
nitrate, or a hydroxide form of the resin. Also, as described 
above, the intermediate product of this combination is a 
complex Which is believed to be a positively charged resin 
With Zinc chloride bound to it. It is further believed that the 
complex is only stable While it is in the presence of the 
concentrated hydrochloric acid or a concentrated sodium 
chloride solution or a mixture of both. It Will be further 
understood by those of ordinary skill in the art that the 
de?nition of the phrase “concentrated” depends on the 
particular metal used in the above reaction since the solution 
only has to be concentrated enough to maintain the stability 
of the complex. 

[0059] NoW, if the anion resin loaded With the complex is 
undesirably displaced With, for example, Water or a dilute 
acid or a dilute salt, the acid and halide concentration Would 
be reduced such that the complex Will revert to simple Zinc 
chloride. Therefore, the Zinc Will become positively charged 
and Will be rejected by the positive charges of the functional 
groups of the anion exchange resin. This Will leave a resin 
in the salt form containing no Zinc and a solution of Zinc 
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chloride in a dilute sodium chloride and/or hydrochloric 
acid. If the resin is then neutraliZed, very little Zinc Will stay 
in the resin and the amount of Zinc Which remains on the 
resin Will be severely reduced. Thus, the complex Will revert 
to Zinc chloride. As a result, the Zinc Will become positively 
charged and Will be rejected by the positive charges of the 
functional groups of the anion exchange resin. This Will 
leave a resin in the salt form containing no Zinc and a 
solution of Zinc chloride in a dilute sodium chloride and/or 
hydrochloric acid solution. 

[0060] Alternatively and preferably, the complex forming 
solution is drained from the anion exchange resin after the 
loading process has been completed. This enables solution to 
be reused in, for example, subsequent batches. After drain 
ing the complex forming solution from the resin, a small 
amount of the solution Will remain on the surface of the 
resin. Preferably, the remaining solution is removed by 
rinsing With a concentrated salt solution Whereby a small 
amount of hydrochloric acid has been added or spent solu 
tion from a previous batch and the concentration is suf?cient 
to maintain the stability of the complex loaded on the resin. 
Although, reference is made to sodium chloride and hydro 
chloric acid, it Will be understood that the anionic constitu 
ents of the salt and the acid Would be virtually identical to 
the anionic constituents of the complex actually loaded onto 
the resin. A resin bed, for example, is rinsed With the salt 
solution or simply drained until the bulk of the remaining 
complex containing solution has been removed. An alkali 
can then be added thereby producing a modi?ed anion 
exchange resin in the presence of sodium chloride. It is 
believed that the resin is in both the chloride form (resin-Zinc 
chloride) and, to a certain extent, in the ionic form of the 
alkali used to break the complex and immobiliZe the metal. 
It is understood by those of ordinary skill in the art that Zinc 
can form soluble anionic complexes in alkaline solutions 
such that precipitation of Zinc chloride by hydroxides 
requires careful control of concentration and pH for best 
results in the immobiliZation step. Further, concentrated 
hydroxide solutions can be used to form the complex While 
also acting as the loading solution for Zinc on the resin. It can 
also be precipitated by neutraliZation With a mild alkali, acid 
or another agent such as sul?de. The remainder of the Zinc 
Will be immobiliZed in the form of Zinc oxide, Zinc hydrox 
ide, sul?de or possibly some other non-soluble form of Zinc. 

[0061] It is pointed out that, instead of using caustic to 
immobiliZe Zinc, sodium sul?de can be used as an alterna 
tive Which, of course, Would form Zinc sul?de. Similarly, 
any soluble hydroxide or sul?de could also be used instead 
of caustic in the precipitation step of the present invention. 
Further, any soluble ioniZed substance containing an anion 
component that immobiliZes or precipitates With the metal 
that Was loaded onto the anion resin, Which in this case is 
Zinc can be used. 

[0062] It Will be understood by those of ordinary skill in 
the art that the ratio of the complex forming chemicals 
affects the loading characteristics of the metallic complex. 
For example, if the iron concentration is very loW it could 
inhibit loading despite the high concentration of complexing 
agent. Thus, it Will be understood that, if the complexing 
agent (e.g., chloride), concentration is reduced signi?cantly, 
the formation of the complex Will be impaired Which can 
affect the loading level of the iron. HoWever, the process of 
forming and loading the complex is very favorable and can 
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therefore be performed satisfactorily despite less than opti 
mal or favorable conditions. This is demonstrated by the 
examples beloW Which shoW that ferric chloride alone is 
able to load complexed iron onto a resin despite limited 
complex formation in a solution. Water hydration of a resin 
Will be partially extracted from the resin and the solution 
Will become more dilute due to the interaction betWeen the 
resin and the solution. The liberated Water reduces the 
concentration of the solution Which reduces the loading 
potential and, in some cases, may destabiliZe the anionic 
form of the metallic complex. It also increases the volume 
of the solution making it more dif?cult to reclaim. This can 
be overcome by a pre-rinse With a saturated or near saturated 
salt or concentrated acid solution or With the spent solution 
from a previous loading cycle or a non-ionic substance such 
as an alcohol that is Water soluble and can pass thru the 
Donnan barrier to extract Water from the gel phase of the 
resin. 

[0063] It Will also be understood by those of ordinary skill 
in the art that kinetics also plays an important part in the 
present invention. FloW rates and temperature affect equi 
librium conditions for each concentration including the 
concentration ratio of complexing agent to metal (e.g., 
chloride to iron). In addition, other environmental factors, 
such as pH, can play an important role in the loading 
process. Changing the How rate of the solution or the contact 
time betWeen the solution and the resin Will affect the 
amount of metal loaded. For example, higher ?oW rates 
result in shorter contact times Which result in loWer loading 
of the complex. LikeWise, changing the solution composi 
tion affects both the loading and the rate of loading of the 
complex metallic anion. As the loading of the metric com 
plex increases, the difference in the potential loading level 
and the solution concentration decreases. At sloWer ?oW 
rates and longer contact times the solution concentration is 
reduced Which in turn reduces the driving force of the 
solution concentration. Also, varying the concentrations and 
How rates or changing the contact times and concentrations 
over multiple contact stages can result in higher loading 
levels and loWer overall costs. 

[0064] It Will be further understood by those of ordinary 
skill in the art that, When batch-loading techniques are 
employed, multiple stages of contact can reduce the cost by 
increasing the chemical efficiency. The resin and the solution 
react so that equilibrium can be reached. In order to avoid 
large excesses of metal, a multi-stage process based on 
re-use of the metal salt from previous batches as a prelimi 
nary feed solution can virtually eliminate discharge of 
metallic salts during the process. The partially depleted 
solution from the previous batch can be used to precondition 
the resin in the next batch. Similarly, in columnar-loading 
techniques alloW for the re-claim and re-use of partially 
spent liquids from previous loading cycles Which can 
increase chemical efficiency. 

[0065] It Will be appreciated by those skilled in the art 
based on the description provided above that changes could 
be made to the preferred methods described above Without 
departing from the broad invention concept thereof. For 
example, iron could be replaced by a metal selected from the 
group consisting of copper, titanium, Zirconium, aluminum, 
manganese, tin, platinum, palladium, gold and mercury, as 
Well as any other transition type metal. Additionally, there 
are numerous other reactions Which can be effectively used 
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Without departing from the scope of the present invention. 
Attached hereto is a portion of a publication entitled “Ion 
Exchange—A Series of Advance,” J. A. Marinsky, Vol. I 
(1966), Which provides the adsorption characteristics of 
various metals and, therefore, provides an understanding of 
the ef?ciency at Which various metals form the modi?ed 
anion exchange materials of the present invention. 

[0066] In its simplest form, the method of making the 
modi?ed anion exchange materials of the present invention 
comprises the steps of: loading an anionic substance com 
prising a metal containing complex onto an anion exchange 
material; and immobiliZing or precipitating the metal con 
taining complex inside the anion exchange material to form 
a modi?ed anion exchange material. Additional steps can be 
introduced to this method including, but not necessarily 
limited to: adding a metal containing substance to a salt, acid 
or base material to form the anionic substance comprising 
the metal containing complex; displacing excess metal of the 
complex; converting the metal complex to at least one of a 
metal cation, a metal oxide, a metal sul?de, a metal hydrox 
ide and an insoluble form of the metal complex. 

[0067] The present invention further relates to methods of 
removing and recovering at least one metal or contaminant 
from a source, comprising the steps of: loading an anionic 
substance comprising a metal containing complex onto an 
anion exchange material; immobiliZing a metal complex to 
form at least a portion of a metal containing substance inside 
the anionic substance; and contacting the source With at least 
a portion of the metal containing anionic substance. More 
over, it is Within the scope of the present invention to 
provide an ion exchange material apparatus or container 
Which contains the improved anion exchange material of the 
present invention Which is made according to the method 
described above. It Will be appreciated by those skilled in the 
art that additional steps can be added, or the steps mentioned 
repeated, to the methods described above Without departing 
from the broad inventive concept thereof. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 
AND EXAMPLES 

Example 1 
[0068] Ferric chloride solutions With varying amounts of 
Water, NaCl and HCl Were prepared in varying ratios of the 
ingredients as listed in columns A thru Im. The solutions 
Were then combined With ResinTech SBGl (Chloride form) 
and placed into a 1 liter glass beaker ?tted With a magnetic 
stirrer bar. A single source of resin Was used in all these 
experiments. In experiments A thru G, the resin Was pre 
rinsed With an equal amount of saturated NaCl (“brine”) 
solution. It Was determined by experimentation that this 
treatment Would remove a large amount of Water from the 
resin causing it to shrink substantially. Tests determined that 
the shrinkage Was 14.9%. Suf?cient resin Was prepared by 
passing an equal volume of saturated NaCl solution through 
the resin to supply experiments Athru G. The actual volume 
of brine treated resin Was 85.1% of the designated 200 mL 
in experiments A thru G. This is equivalent to starting With 
200 mL of Cl form SBGl and pre-rinsing it With 200 mL of 
saturated NaCl. This pretreatment reduced the chemical 
bound Water content of the resin and reduced the tendency 
of the resin to become dehydrated and thereby diluting the 
liquids during the iron-loading step. No brine pre-rinse Was 
used for Bm, Hm or Im. 
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[0069] The mixtures Were stirred at suf?cient speed to 
keep the resin slurry moving and to insure constant motion 
of the liquid throughout the resin particles for 24 hours. The 
solution Was removed from the resin by ?ltration leaving the 
resin free of liquid, in the ferric chloride complex form 
(FeCl4). The iron content of the ferric chloride complex Was 
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[0071] ExperimentsAthru G Were conducted to determine 
the impact of loWering the Water content of the system While 
varying the ratio of chloride to iron/resin ratio. In addition, 
the source of chloride Was varied betWeen NaCl and HCl. 

Experiments Bm, Hm and Im Were designed to measure the 
effect of higher ratios of Water to ferric chloride and resin. 

A B C D E F G Brn Hm Im 

30% HCl, mL 15 168 30 67 33.6 67.2 
37% FeCl3 320 320 320 320 320 320 320 128 128 128 

Solution, mL 
Granular Salt, 75 
grams 
Saturated 152 0 152 0 0 0 61 

(NaCl) Brine, mL 
Deionized 

Water, mL 
Resin, mL 200 200 200 200 200 200 200 80 80 80 

(cw 
Fixed Iron 68-73 78-91 66-71 62-70 35-37 33 57 19 23 19-20 

content, grams 
Fe/L of resin 

*(174 mL of brine pre-treated resin Was used based on 14.9% shrinkage in experiments A, B, C, D, E, F, 

then ?xed in the resin by combining the resin With a 25% 
solution of NaOH in an amount equal to 40 to 50% of the 
resin volume. For example, if the starting resin volume Was 
200 ml, then at least 80 mL of the solution Was added to the 
resin. The resin and NaOH solution Was then stirred for one 
and one half hours. During this time, the temperature of the 
mixture increased due to the concentrated caustic becoming 
diluted, the ferric chloride complex decomposing and react 
ing With the NaOH and the resin absorbing Water from the 
solution. The rate of ferric chloride complex moving from 
the resin toWards the surface of the resin bead is much 
sloWer than that of the hydroxide ion moving into the resin. 
In other Words, the hydroxide ion can get to the iron and 
precipitate inside the resin before the iron complex can 
decompose and dump iron from the resin as a rejected 
cation. Combining the resin With the NaOH solution quickly 
and maintaining agitation to constantly expose the resin to 
fresh unspent NaOH to minimiZe iron losses are important 
steps during the NaOH ?xing process. The temperature 
reached a peak at about one hour and stayed constant for 
several minutes before sloWly cooling. After one and one 
half hours, the mixture of hybrid resin and NaOH solution 
had cooled nearly returning to room temperature. 

[0070] The resulting mixture contained a small amount of 
precipitated iron sludge from reaction of the excess ferric 
chloride solution With the NaOH used to ?x the iron in the 
resin. The resin product Was separated from the remaining 
NaOH liquid and precipitated iron sludge by a combination 
of rinsing, stirring and backWashing using approximately 5 
times the volume of the resin. Then the resin Was rinsed With 
a small amount of dilute HCl to remove any leftover NaOH, 
the resin Was returned to the Cl form, and remaining surface 
bound iron Was dissolved from the surface of the resin. The 
?nal product Was clear, very dark in color and transparent as 
Was the starting resin. In the case of a macroporous resin that 
is opaque, the resin Would have remained opaque. 

Example 2 

[0072] A solution comprised of 120 milliliters of 36% 
ferric chloride and 200 milliliters of saturated sodium chlo 
ride (26.4% NaCl) Was passed sloWly through a column of 
200 milliliters of ResinTech SBG1. The solution is then 
drained from the resin bed. Next, a solution containing 60 
mL of 50% NaOH and 120 mL of deioniZed Water is added 
to the resin bed and the mixture of resin and solution Was 
mixed for about 1.5 hours. The solution Was then drained 
from the resin bed and the resin bed Was rinsed With 
deioniZed Water to remove any remaining solution and 
externally precipitated iron from the resin bed. 

Example 3 

[0073] A solution comprised of 120 milliliters of 36% 
ferric chloride and 200 milliliters of saturated sodium chlo 
ride (26.4% NaCl) and 7 milliliters of 30% HCl Was passed 
through a column of 200 milliliters of ResinTech SBG1, 
over a period of 8 hours. The solution Was then drained from 
the resin bed leaving less then 10% of the resin shoWing 
signs of liquid. Next, a solution containing 60 mL of 50% 
NaOH and 120 mL of deioniZed Water Was added to the resin 
bed and the mixture of resin and solution Was mixed for 
about 1 hour. The solution Was then drained from the resin 
bed and the resin bed is backWashed, air mixed and rinsed 
With deioniZed Water to remove any remaining solution and 
externally precipitated iron from the resin bed. The resulting 
product is expected to contain approximately 70 grams of 
iron per liter of resin. 

Example 4 

[0074] A solution comprised of 120 milliliters of 36% 
ferric chloride plus 200 milliliters of saturated sodium 
chloride (26.4% NaCl) and 7 milliliters of 30% HCl Was 
passed through a column of 200 milliliters of ResinTech 
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SBG2. The solution Was then drained from the resin bed. 
Next, a solution containing 60 mL of 50% NaOH and 120 
mL of deionized Water Was added to the resin bed and the 
mixture of resin and solution Was mixed for 1 hour. The 
solution Was then drained from the resin bed and the resin 
bed Was rinsed With deioniZed Water to remove any remain 
ing solution and externally precipitated iron from the resin 
bed. The resulting product is expected to contain approxi 
mately 70 grams of iron per liter of resin. 

Example 5 

[0075] A solution of 120 milliliters of 36% ferric chloride 
plus 200 milliliters of saturated sodium chloride (26.4% 
NaCl) Was passed through a column of 200 milliliters of 
ResinTech SBMP1. The solution Was then drained from the 
resin bed. Next, a solution containing 60 mL of 50% NaOH 
and 120 mL of deioniZed Water Was added to the resin bed 
and the mixture of resin and solution Was mixed for about 1 
hour. The solution Was then drained from the resin bed and 
the resin bed Was rinsed With deioniZed Water to remove any 
remaining solution and externally precipitated iron from the 
resin bed. The resulting product is expected to contain 
approximately 60 grams of iron per liter of resin. 

Example 6 

[0076] A hydroxide form strong based anion resin (e.g., 
SBG1-OH) Was placed in a process vessel. Ferric chloride 
solution (30-40%) containing a slight excess of hydrochloric 
acid Was passed through the resin until the desired concen 
tration (30-40%) Was achieved at outlet of the vessel. The 
remaining solution Was then drained from the vessel. A 
10-20% sodium chloride solution Was then passed through 
the vessel to remove excess ferric chloride. 

[0077] Alternatively, deioniZed Water may be used With 
some sacri?ce of ferric chloride loading on the resin. The 
purpose of this step is to remove excess ferric chloride on the 
outside of the resin beads, thereby minimizing the rinse 
volume required in later steps. This rinsing step is not 
essential to the process. It is noted that When Water is used, 
the possibility of breakdoWn and removal of virtually all the 
iron from the resin exists, especially When Warm Water and 
long contact times are employed. Conversely, cold Water and 
short contact times Will reduce the amount of lost iron. Also, 
it is often preferable to omit the salt or Water Wash step. 

[0078] Continuing, the vessel is drained of any remaining 
solution. The vessel Was then re-?lled With a 20-30% 
solution of a strongly basic material, such as sodium hydrox 
ide. It Will be noted that the material needs to be mixed so 
that the resin and the liquid remain intermixed and that 
sufficient solution is used to neutraliZe all of the ferric 
chloride complex that is on the resin. The solution and resin 
Were then stirred and alloWed to react for 30-60 minutes. The 
remaining solution Was then drained from the vessel. A 
series of rinse and backWash steps Was then employed to 
remove precipitated ferric chloride from the surface of the 
beads. This step can be accomplished With deioniZed Water, 
soft Water or a salt solution. Next, pH buffering Was 
employed to ensure that the resin is at about neutral pH such 
that it complies With potable Water requirements (it is not 
essential for the removal of arsenic or for the ?xation of iron 
on the resin). The resin Was covered With Water and sodium 
bicarbonate (or another mildly alkaline material) to adjust 
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the pH to the potable Water range (usually betWeen pH 6 and 
9). A ?nal rinse With soft or deioniZed Water Was then 
employed to remove any trace levels of externally precipi 
tated iron and to remove the excess salt from the resin. 

Example 7 

[0079] A hydroxide form of a strong base anion resin Was 
added to a process vessel and covered With 30-40% ferric 
chloride solution containing a slight excess of hydrochloric 
acid. The solution Was stirred for about one hour. While 
stirring, additional solid ferric chloride Was added to 
increase the concentration of the solution to approximately 
40% or greater. Suf?cient excess hydrochloric acid Was 
added to maintain a slight excess over the amount required 
to maintain the ferric chloride in solution. The solution Was 
stirred for 1-2 hours, after Which the ferric chloride solution 
Was drained from the resin after Which the method of 
Example 6 Was folloWed. 

Example 8 

[0080] The chloride form of a strong base anion resin Was 
placed in a process vessel and covered With 30-40% ferric 
chloride solution. Additional solid ferric chloride Was added 
to increase the solution concentration to approximately 40%. 
The solution Was then stirred for approximately 8 hours. 
(Alternatively, the solution could be gently heated to 
approximately 50° C. and stirred for 1-2 hours.) Then, the 
method described in either Example 6 or Example 7 is 
folloWed. The resulting product is expected to contain 40 
grams of iron per liter of resin. 

Example 9 

[0081] A solution of 120 milliliters of 36% ferric chloride 
and 200 milliliters of saturated sodium chloride (26.4% 
NaCl) Was passed through a column of 200 milliliters of 
ResinTech SIR-100, Which is a resin based on triethylamine 
functional groups used for nitrate removal applications 
because of its preference for nitrates over sulfates. The 
solution Was then drained from the resin bed. Next, a 
solution containing 60 mL of 50% NaOH and 120 mL of 
deioniZed Water Was added to the resin bed and the mixture 
of resin and solution Was mixed for about 30 minutes. The 
solution Was then drained from the resin bed and the resin 
bed Was rinsed With deioniZed Water to remove any remain 
ing solution and externally precipitated iron from the resin 
bed. The resulting product is expected to retain its nitrate 
selectivity and also have improved arsenic removal capa 
bility. 

Example 10 

[0082] A solution of 120 milliliters of 36% ferric chloride 
and 200 milliliters of saturated sodium chloride (26.4% 
NaCl) Was recirculated through a column of 200 milliliters 
of ResinTech SBG1 for about 2 hours. The solution Was then 
drained from the resin bed. Next, a solution containing 60 
mL of 50% NaOH and 120 mL of deioniZed Water Was added 
to the resin bed and the mixture of resin and solution Was 
mixed for about 1 hour. The solution Was then drained from 
the resin bed and the resin bed Was rinsed With deioniZed 
Water to remove any remaining solution and externally 
precipitated iron from the resin bed. The resulting product is 
expected to contain approximately 50 to 60 grams of iron per 
liter of resin. 
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Example 11 

[0083] In a similar manner as described in Example 2, a 
solution comprised of 120 milliliters of 36% ferric chloride, 
and 200 milliliters of saturated sodium chloride (26.4% 
NaCl) Was passed directly through a column of 200 milli 
liters of ResinTech SBG1. HoWever, the solution ?oW rate 
Was sloWed so that the contact time Was at least 8 hours. The 
solution Was then drained from the resin bed leaving less 
then 10% of the resin shoWing signs of liquid. Next, a 
solution containing 60 mL of 50% NaOH and 120 mL of 
deioniZed Water Was added to the resin bed and the mixture 
of resin and solution Was mixed for about 1 hour. The 
solution Was then drained from the resin bed and the resin 
bed Was rinsed With deioniZed Water to remove any remain 
ing solution and externally precipitated iron from the resin 
bed. The resulting product is expected to contain approxi 
mately 80 to 90 grams of iron per liter of resin. 

Example 12 

[0084] The spent solution from Example 10 Was saved in 
tWo stages. In a similar manner as in Example 10, fresh 
solution Was made but the solution volumes Were reduced by 
30%. The resin Was ?rst treated With the ?rst stage reclaim 
liquid from Example 10, then With the second stage reclaim 
liquid of Example 10, and ?nally With the freshly made 
solution having the same composition used in Examples 10 
but using only 70% as much. The How rate Was approxi 
mately the same as in Example 2. The combined contact 
time for all the solutions Was several hours. The chemical 
ef?ciency of this process is expected to be about 100%. 

Example 13 

[0085] Solutions (960 mls of 37% ferric chloride) Were 
mixed With 456 mls of saturated sodium chloride solution 
and then combined With 600 mls of ResinTech SBG1 
(chloride form) that had previously been pre-rinsed With 
saturated sodium chloride brine and placed into a 2 liter 
Te?on beaker ?tted With a magnetic stirrer bar. The mixture 
Was stirred at suf?cient speed to keep the resin slurry moving 
and to insure constant motion of the liquid throughout the 
resin particles for 24 hours. The solution Was removed from 
the resin by ?ltration leaving the resin free of liquid, in the 
ferric chloride complex form (FeCl4). 

[0086] The iron content of the ferric chloride complex Was 
then “?xed” in the resin by combining the resin With a 400 
mls of a 25% solution of NaOH. The resin and NaOH 
solution Were then stirred for about tWo hours. The resin 
product Was separated from the remaining NaOH liquid and 
precipitated iron sludge by a combination of rinsing, stirring 
and backWashing of the resin. A small portion of the 
resultant resin Was tested and found to have 56 grams/liter 
of iron. 

[0087] The remaining resin from the ?rst loading Was 
pretreated With 1 bed volume of saturated brine, then mixed 
With a solution made from 960 mls of 37% ferric chloride 
and 45 6 mls of saturated brine and stirred for 24 hours. After 
about 24 hours, the resin Was separated from the solution, 
mixed With 400 mls of 25% NaOH, stirred for about tWo 
hours, and then rinsed With Water to remove excess iron and 
caustic. A small portion of the resin Was tested and found to 
have 106 grams/liter of iron. 
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[0088] The remaining resin from the second loading Was 
pretreated With 1 bed volume of saturated brine, mixed With 
a solution made from 960 mls of 37% ferric chloride and 456 
mls of saturated brine, and stirred for 24 hours. After about 
24 hours, the resin Was separated from the solution. The 
resin Was then mixed With 400 mls of 25% NaOH and stirred 
for about tWo hours, and then rinsed With Water to remove 
excess iron and caustic. A small portion of the resin Was 
tested and found to have 134 grams/Liter of iron. 

Example 14 

[0089] A hydroxide form of SBG1 (e.g., ResinTech 
SBG1-OH) Was neutraliZed With 5 to 10% hydro?uoric acid 
(HF) in order to convert the resin into the ?uoride form. The 
?uoride form resin Was alloWed to contact a solution of 
titanium potassium ?uoride dissolved in 7 molar hydro?uo 
ric acid for tWo or more hours. The solution Was then drained 
from the resin. A solution of about 20% sodium hydroxide 
Was then added to the resin and alloWed to react While 
mixing for about tWo hours. The resin Was then transferred 
to a column. Excess ?uoride Was removed from the resin by 
Washing With a 10% sodium chloride solution. Precipitated 
titanium ?uoride on the outside of the resin Was then 
removed by additional rinsing. 

[0090] Finally, it Will be appreciated by those skilled in the 
art that changes could be made to the embodiments 
described above Without departing from the broad invention 
concept thereof. It Will further be appreciated by those 
skilled in the art based on the description provided above 
that one or more of the individual steps described above 
could be eliminated With various degrees of success based 
on the emphasis placed on the operating conditions and 
effectiveness of the other steps leading to various degrees of 
effective performance and productivity. It is understood, 
therefore, that this invention is not limited to the particular 
embodiments disclosed, but is intended to cover modi?ca 
tions Within the spirit and scope of the present invention. 

We claim: 

1. Amodi?ed anion exchange material comprising at least 
one metal Wherein at least a portion of the metal is inside the 
material. 

2. The modi?ed anion exchange material of claim 1, 
Wherein the material is a polymeric resin. 

3. The modi?ed anion exchange material of claim 2, 
Wherein the resin is a gel type or macroporous type resin. 

4. The modi?ed anion exchange material of claim 1, 
Wherein the material is a pH basic material. 

5. The modi?ed anion exchange material of claim 1, 
Wherein the material is an acrylic polymer or a styrenic 
polymer. 

6. The modi?ed anion exchange material of claim 1, 
Wherein the material has at least one amine exchange group. 

7. The modi?ed anion exchange material of claim 1, 
Wherein the at least one metal is immobiliZed or precipitated 
in the gel phase of the resin. 

8. The modi?ed anion exchange material of claim 1, 
Wherein the at least one metal is a transition metal or a 
transition metal ion. 

9. A method for making a modi?ed anion exchange 
material comprising the steps of: 
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(a) loading an anionic substance comprising a metal 
containing complex onto an anion exchange material; 
and 

(b) immobilizing at least a portion of the metal of the 
metal containing complex inside the anion exchange 
material to form a modi?ed anion exchange material. 

10. The method of claim 9, further comprising adding a 
metal containing substance to a salt, acid or base material to 
form the anionic substance comprising the metal containing 
complex. 

11. The method of claim 9, further comprising the step of 
displacing excess metal from the metal containing complex. 

12. The method of claim 9, further comprising converting 
the metal containing complex to at least one of a metal 
cation, a metal oxide, a metal sul?de, a metal hydroxide and 
an insoluble form of the metal containing complex. 

13. The method of claim 9, further comprising repeating 
the loading and immobiliZing steps. 

14. The method of claim 9, Wherein the immobiliZing step 
comprises adding an immobiliZing reagent to the anionic 
substance comprising a metal complex and the anion 
exchange material. 

15. The method of claim 14, Wherein the immobiliZing 
reagent is selected from a group consisting of a hydroxide, 
carbonate, bicarbonate, acids and salts. 
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16. The method of claim 15, Wherein the immobiliZing 
reagent is selected from a group consisting of hydroxides, 
acids and salts. 

17. The method of claim 11, Wherein the displacing step 
comprises rinsing the anionic substance With a solution that 
stabiliZes the complex. 

18. Amethod of removing or recovering at least one metal 
or contaminant from a source comprising the steps of: 

(a) loading an anionic substance comprising a metal 
containing complex onto an anion exchange material; 
and 

(b) immobiliZing at least a portion of the metal of the 
metal containing complex inside the anion exchange 
material to form a modi?ed anion exchange material. 

(c) contacting the source With at least a portion of the 
modi?ed anion exchange material. 

19. The method of claim 18, Wherein the at least one metal 
or contaminant is selected from the group consisting of 
arsenic, selenium, vanadium, uranium, ?uoride, phosphate, 
silicate, ?uoborate, cyanide and cyanate. 

20. The method of claim 18, further comprising the step 
of repeating steps (a) and (b), sequentially, a plurality of 
times. 


