
WO 2008/101137 PCT/US2008/054042  SYSTEM AND PROCESS
FOR THE REMOVAL OF FLUOROCHEMICALS FROM WATER The
present invention relates to a system and a method for
the removal of  5 fluorochemicals from water.
Background  Fluorochemicals have been used in a wide
variety of applications including the water- proofing
of materials, as protective coatings for metals, as
fire-fighting foams for 10 electrical and grease
fires, for semi-conductor etching, and as lubricants.
Reasons for  such widespread use of fluorochemicals
include their favorable physical properties  which
include chemical inertness, low coefficients of
friction, and low polarizabilities  (i.e.,
fluorophilicity). Types of fluorochemicals include
perfluorinated surfactants,  perfluorooctane sulfonate
(PFOS) and perfluorooctanoate (PFOA). 15 While
valuable as commercial products, fluorochemicals can
be difficult to treat using  conventional
environmental remediation strategies or waste
treatment technologies.  Fluorochemicals can be
removed from water using an adsorbent media such as
granular  activated carbon (GAC). However,
improvements in systems and methods for the 20 removal
of fluorochemicals from water are desired.  Summary
The present invention provides improvements in systems
and methods for the removal  of fluorochemicals from
water. In one aspect, the invention provides a system
for the 25 removal of fluorochemicals from water,
comprising: A vessel containing the ion exchange
resin, the ion exchange resin comprising  an insoluble
matrix having functional groups bonded thereto, the
functional  groups comprising amines of the formula: -
N(R1R2R3)  30 Where N is nitrogen; and 



1 WO 2008/101137 PCT/US2008/054042  R1, R2 and R3 are
hydrocarbon groups and can be the same or different,
normal, branched and/or partially or fully substituted
(e.g., fluorinated)  and having a carbon chain length
of Ci or greater, the hydrocarbon chain  optionally
including polar groups (e.g., 0, N, S); 5 An inlet for
directing a flow of water into the vessel to thereby
contact the ion  exchange resin; and An outlet for
directing a flow of water out of the vessel. 10 In
another aspect, the invention provides a process for
the removal of fluorochemicals  from water, the
process comprising: Exposing water comprising
fluorochemicals to an ion exchange resin, the resin
comprising an insoluble matrix having functional
groups bonded thereto, the  functional groups
comprising amines of the formula: 15 - N(R1R2R3)
Where  N is nitrogen; and R1, R2 and R3 are
hydrocarbon groups and can be the same or different,
normal, branched and/or partially or fully substituted
(e.g., fluorinated)  20 and having a carbon chain
length of Ci or greater, the hydrocarbon chain
optionally including polar groups (e.g., 0, N, S);
Maintaining the water in contact with the resin for a
period of time; and  Separating the water from the
resin. 25 The terms used herein shall have their
ordinary meaning as known to a person of  ordinary
skill in the art. However, certain terms will be
understood to have the  meanings set forth herein
"Fluorochemical" means a halocarbon compound in which
fluorine replaces some or all  30 hydrogen molecules. 



2 WO 2008/101137 PCT/US2008/054042  Brief Description
of the Drawings In describing the embodiments of the
invention herein, reference is made to the various
drawings, wherein: 5 Figure 1 is schematic of a system
for the removal of fluorochemicals according to the
invention; Figure 2 is an isotherm for the removal of
PFOA from water using different adsorbents  according
to the invention; 10 Figure 3 is an isotherm for the
removal of PFHXS from water using different adsorbents
according to the invention; Figure 4 is an isotherm
for the removal of PFOA from water using different
adsorbents  15 according to the invention; Figure 5 is
an isotherm for the removal of PFOS from water using
different adsorbents  according to the invention; and
20 Figure 6 is an isotherm for the removal of PFOS
from water using different adsorbents  according to
the invention. Detailed Description 25 The present
invention provides systems and processes to facilitate
the removal of  fluorochemicals from water. In some
embodiments, the invention provides adsorbent
materials ("adsorbents") in the form of ion exchange
resins that are useful in the  removal of
fluorochemicals from water. In other embodiments, the
invention provides  a system for the treatment of
water, the system including incorporating the 30
aforementioned adsorbents therein. In still other
embodiments, methods are provided  for the removal of
fluorochemicals from water utilizing the
aforementioned adsorbents  and system. 3 WO
2008/101137 PCT/US2008/054042  



Ion exchange is a process in which ions are exchanged
between a solution and an ion  exchanger, typically an
insoluble solid or gel which may be treated to include
functional groups. Anion exchangers are used for
negatively charged anions. Cation  5 exchangers are
used for positively charged cations. Ion exchange can
be a reversible  process in that the ion exchanger can
be regenerated or loaded by washing the ion  exchange
resin with an excess of the ions to be exchanged
(e.g., chloride ions,  potassium ions, etc.). 10 In
embodiments of the invention, one or more ion exchange
resins are utilized. Such  ion exchange resins include
an insoluble matrix, substrate or support structure.
In some  embodiments, the support structure is in the
form of small spherical beads having an  average
diameter ranging from about 1 mm to about 2 mm. In
some embodiments, the  support structure is a
polymeric substrate. The surface of the polymeric
substrate 15 includes sites that trap and release
ions. In some embodiments, the ion exchange resins
useful in the present invention may be based on one or
more polymeric materials which  may or may not be
crosslinked. In some embodiments, the substrates are
based on  styrene that has been crosslinked with a
cross-linker such as divinyl benzene, for  example.
Crosslinked polymeric substrates may also be porous,
and a crosslinked 20 substrate will tend to be hard
and not malleable. Polymeric substrates that are not
crosslinked can be softer and more malleable than a
crosslinked substrate and can have  a gel-like
consistency, depending on the material used. In some
embodiments, the ion exchange resin can comprise a
matrix material in the  25 form of non-spherical
particles. In still other embodiments, the matrix can
comprise a  material that is more amorphous or
gel-like such as silica gel, diatomaceous earth, clay,
or the like. In embodiments of the invention, ion
exchange resins are used in systems and 30 processes
for the removal of fluorochemicals from water.
Exemplary fluorochemicals  include those that are
fully or partially saturated with fluorine.
Fluorochemicals can  vary in the length of their
carbon backbone from a Ci backbone up to Cg and
longer. 4 



WO 2008/101137 PCT/US2008/054042  Some fluorochemicals
that are removable from water include, for example,
perfluorobutanoate, (PFBA), perfluorobutane sulfonate
(PFBS), perfluorooctanoate  (PFOA), perfluorohexane
sulfonate (PFHxS), and perfluorooctane sulfonate
(PFOS).  These fluorochemicals are derived from strong
fluorochemical acids (e.g. 5 perfluorobutanoate is
derived from perfluorobutanoic acid) and exist as
anions in  aqueous solution. In some embodiments, the
systems and processes of the invention  utilize ion
exchange resins capable of removing fluorochemicals
from water at levels  ranging from parts per billion
(ppb) (e.g., ng/mL) to parts per million (ppm) (e.g.,
mg/L). In some embodiments, the systems and processes
will remove the 10 fluorochemicals at concentrations
of less than about 1 ppb. It will be appreciated that
exact limits will vary depending on the specific
chemical identity of the fluorochemical  as well as
the measurement equipment being used. In embodiments
of the invention, the ion exchange resins comprise
anion exchange  15 resins having a matrix (either
porous or gel-like) with functional groups attached
thereto. Suitable functional groups include one or
more quaternary amines of Formula  I: - N(R1R2R3) I
20 Where N is nitrogen; and R1, R2 and R3 are
hydrocarbon groups and can be the same or different,
normal, branched and/or partially or fully substituted
(e.g., fluorinated) and 25 having a carbon chain
length of Ci or greater, the hydrocarbon chain
optionally  including polar groups (e.g., 0, N, S). In
some embodiments, suitable functional groups include
quaternary amines of the  Formula I where R1, R2
and/or R3 are Ci to Cis alkyl groups, in some
embodiments Ci  30 to C4 alkyl groups. In some
embodiments, the alkyl groups are the same. Exemplary
of these functional groups are trimethylamine,
triethylamine, tripropylamine,  



tributylamine. Combinations of the foregoing
functional groups are also contemplated  5 WO
2008/101137 PCT/US2008/054042  where R1, R2 and R3 are
C1 to C18 alkyl groups, in some embodiments Ci to C4
alkyl  groups, but the alkyl groups are some
combination of methyl, ethyl, propyl and butyl. In all
embodiments, a hydrocarbon chain may optionally
include polar groups (e.g., 0,  N, S). 5 In some
embodiments of the invention, suitable ion exchange
resins include quaternary  amines of the Formula I
where R1, R2 and/or R3 are hydrocarbon groups having a
carbon chain length greater than C4, in some
embodiments ranging from C5 to CIS,  wherein the
hydrocarbon groups can be identical as well as where
the hydrocarbon 10 groups are different from one
another, and any of the hydrocarbon groups may
optionally include polar groups (e.g., 0, N, S). In
still other embodiments, suitable functional groups
include quaternary amines of the  Formula I where at
least one of the hydrocarbon groups R1, R2 and R3 can
be a C1 to C4  15 alkyl group and another of R1 R2 and
R3 is a hydrocarbon groups having a carbon chain
length greater than C4. Any of the hydrocarbon groups
may optionally include polar  groups (e.g., 0, N, S).
In still other embodiments, the ion exchange resin of
the present invention is a 20 `difunctional' resin
comprising two or more different quaternary amine
groups. For  example, a single ion exchange resin may
comprise the quaternary amine groups  +N(C2H5)3 and
+N(C6H13)3. Any of the hydrocarbon groups may
optionally include  polar groups (e.g., 0, N, S). 25
Suitable ion exchange resins for use in the systems
and processes of the invention are  available
commercially such as those available from Dow Chemical
Company under  the trade designations DOWEX 1, DOWEX
1x8, DOWEX NSR-1, DOWEX PSR-2,  and DOWEX PSR-3. A
suitable difunctional (N(C2H5)3 and N(C6H13)3) ion
exchange  resin is commercially available from
Purolite Company of Philadelphia, PA under the 



30 trade designation "Purolite A530 E." Another
commercially available silica based ion  exchange
adsorbent is available from Silicycle of Quebec,
Canada under the trade  designation "Silicycle TBA
Chloride." 6 WO 2008/101137 PCT/US2008/054042  In some
embodiments, the ion exchange resins useful in the
system and process include  quaternary amine
functional groups selected from the group consisting
of: +N(C8H17)3,  +N(C6H13)3, +N(CH3)2(C6H13),
+N(CH3)2(C12H25), +N(CH3)2(C16H33), 5
+N(CH3)2(C18H37), +N(CH3)2CH2CH2C6F13,
+N(CH3)2CH2CH2N(CH3)SO2C4F9, +N(C4H9)3, +N(C2H5)3,
+N(CH3)3, and combinations of two or more of the
foregoing.  Suitable ion exchange resins may be
prepared by the chemical modification of any of a
variety of resins. In some embodiments, a suitable
resin may be prepared by synthesis 10 using a known
resin material as a reactant. In one embodiment, a
suitable ion exchange  resin is prepared by the
reaction of a chloromethylated styrene bead (or other
electrophilic group-containing resin) with a tertiary
amine such as, for example,  trimethyl amine,
triethylamine, tri-n-butylamine, tri-n-hexylamine,
tri-n-octyl amine,  and C4F9SO2-N(CH3)-CH2CH2-N(CH3)2,
often in a polar aprotic solvent such as N,N 15
dimethylformamide. The reaction of the tertiary amine
and the chloromethylated  styrene bead is represented
by reaction A: Reaction A: n * n  + NR1R2R3 CI NR1R2R3
+ CI- 20 Wherein:  R1, R2, R3 are as previously
described. In some embodiments, a suitable resin may
be prepared by synthesis from 25 quaternization of a
tertiary amine based ion exchange resins. The same
embodiments,  ion exchange resins are prepared by the
reaction of a tertiary amine functional resin  



with an electrophile such as organic halide
(1-bromohexane, 1-chlorohexane, 1 7 WO 2008/101137
PCT/US2008/054042  bromododecane, 1-chlorododecane,
1-chlorohexadecane, and 1-bromooctadecane) or  other
electrophiles such as mesylates and tosylates of
alcohols, such as  C6F13CH2CH2OSO2CH3, often in a
polar aprotic solvent such as N,N- dimethylformamide.
The reaction of a tertiary amine functional resin with
an 5 electrophile is represented by reaction B:
Reaction B: *  n * n  \ I \  + X-R3 NR1R2 NR1R2R3 + X-
10 Wherein: R1, R2, R3 are as previously described;
and  X is halogen. The foregoing reactions are
illustrated on a styrene matrix and are provided
solely as  15 examples in the preparation of ion
exchange resins for use in the present invention.
Those skilled in the art will appreciate that resins
within the scope of the invention can  comprise matrix
materials other than styrene. Suitable matrix
materials include without  limitation polymers, gels,
clays, diatomaceous earth and combinations of two or
more  of the foregoing. In some embodiments, a
suitable polymer matrix is polystyrene. In 20 some
embodiments, a suitable gel matrix is silica gel. The
invention provides for the removal of fluorochemicals
from water utilizing ion  exchange resins having an
adsorption capacity surprisingly greater than
traditional  adsorbents such as granular activated
carbon. 25 Referring now to the Figures, Figure 1
schematically illustrates an ion exchange system  



10 for the removal of fluorochemicals from water,
according to the present invention. 8 WO 2008/101137
PCT/US2008/054042  The system 10 includes a
flow-through vessel 12 which can be provided in any of
a  variety of configurations. In the depicted
embodiment, the vessel 12 is cylindrical  column
having an ion exchange bed 14 comprised of ion
exchange resin contained  within the vessel 12. The
ion exchange resins within the bed 14 are those
described 5 herein. An inlet 16 at a first end of the
vessel 12 allows for the introduction of  untreated
water into the vessel 12. The water is pumped into the
vessel 12 through the  inlet 16 and through the ion
exchange bed 14. Fluorochemicals and other
contaminants  in the water stream are removed from the
water by the ion exchange mechanism provided by the
resins in the ion exchange bed 14. Treated water is
directed out of the  10 vessel 12 through an outlet
valve 18 at the opposite end of the vessel from the
inlet 16.  In all embodiments, untreated water
comprising fluorochemicals is exposed to an ion
exchange resin for a sufficient period of time to have
the fluorochemicals within the  untreated water be
adsorbed onto the resins in an ion exchange process
that substitutes 15 the fluorochemicals for another
anion such as chloride, for example. Exposing the
untreated water to the resins can be accomplished in
any manner. In a process  incorporating the ion
exchange system 10 of Figure 1, an ion exchange bed is
provided  within a vessel that includes in inlet valve
and an outlet valve. Untreated water is  directed into
the vessel through the inlet valve and through the ion
exchange bed where 20 fluorochemicals are removed. The
thus treated water comprises a lowered level of
fluorochemicals and exits the vessel through the
outlet valve. The flow may be  directed from the
outlet valve to another treatment station for further
reduction of  fluorochemicals or for removal or
treatment to remove or neutralize other impurities. 25
In other embodiments, an amount of untreated water can
be placed within a vessel  along with an adequate
amount of ion exchange resin. The amount of resin
within the  vessel is typically selected to provide
adequate ion exchange capacity to adsorb an  expected
loading of fluorochemical. The vessel can be shaken or
the contents stirred or  



agitated in some manner so that the fluorochemicals
are adequately adsorbed onto the 30 resins and the ion
exchange process is completed. The water and resin may
then be  separated (e.g., by centrifuging, filtering
and/or decanting) to yield a volume of treated  water.
9 WO 2008/101137 PCT/US2008/054042  Use of the
aforementioned ion exchange resins in systems and
processes for the  removal of fluorochemicals has
provided materials possessing an adsorption capacity
at  least equivalent to, and often greater than,
granulated carbon. In some embodiments, 5 the
exhibited adsorption capacity is greater than
granulated carbon by a factor of up to  about 3, in
some embodiments up to about 5, and in some
embodiments up to about 35.  As compared to
traditional granulated carbon, the ion exchange resins
utilized in the  present invention are estimated to
allow for a longer period of effectiveness, thus
allowing a longer operating time by a factor of up to
at least about 3 (i.e., treat 3 times 10 more water)
In any ion exchange column, reasonable care should be
taken to deal with  the precipitation of carbonate
minerals as well as iron oxides. Ion exchange resins
can  alter the ionic composition of the water with
ions such Cl- or OH-, replacing C032 ,  HC03-, SO42
and N03- present in the untreated water. Using systems
and processes  according to the present invention,
fluorochemicals can be removed by the ion 15 exchange
resins even after breakthrough of alkalinity and
sulfate from the ion exchange  column, indicating that
the fluorochemicals were able to compete for ion
exchange  binding sites despite large differences in
the levels of alkalinity and sulfate (ppm  levels) as
compared to the fluorochemicals (ppb levels). 20 In
some embodiments, performance may also be a function
of the degree to which the  matrix material is
crosslinked. As the degree of crosslinking increases,
the  performance of the ion exchange resin also
increases. For a given type of functional  group (i.e.
a tri-methyl quaternary amine) the greater the degree
of crosslinking, the  higher the adsorption capacity.
Therefore resin structure does have an effect on resin
25 adsorption. Improved performance of the ion
exchange resins has also been seen as the  



number of carbons on the quaternary amine group
increased. In some embodiments,  the adsorption
capacity of the resins in units of mass of
fluorochemical adsorbed per  mass of adsorbent are a
factor 2 to 4 times higher than commonly used granular
activated carbon. In some embodiments, the adsorption
capacity of the resins in units 30 of mass of
fluorochemical adsorbed per mass of adsorbent are a
factor of more than 4  times higher than commonly used
granular activated carbon. In some embodiments  (e.g.,
tri-hexyl quaternary amine based resin for PFOA) the
resins in units of mass of  10 WO 2008/101137
PCT/US2008/054042  fluorochemical adsorbed per mass of
adsorbent are a factor of 35 times greater than the
adsorption capacity of granular activated carbon. This
allows for the treatment of larger volumes of water
using these ion exchange resins rather than granular
activated  carbon. 5 Due to the higher adsorption
capacity of the ion exchange resins as compared to
granular activated carbon, for a water treatment
system having a given amount of  adsorbent, the
effective treatment time or volume of water treated by
the system will be  greater when operated using ion
exchange resins rather than granular activated carbon
10 alone. This was true only for resins having
quaternary amine functional groups and  macroporous,
or highly cross-linked resin bead substrates (e.g.,
Dow NSR-1 and PSR-3  resins). Gel-type resins, and/or
resins without quaternary amine functionalities,
and/or  quaternary amine functionalities with fewer
than two carbon alkyl groups perform  adequately but
not excessively better than granular activated carbon.
15 Additionally, the ion exchange resins of the
present invention can be more effective  than granular
activated carbon due, in part, to the more uniform
size distribution of the  ion exchange resins as
compared to the actived carbon. This results in a
steeper break- though curve for the given compound of
interest and may extend the operating time (or  20
volume of water treated) for a given mass of resin. 



EXAMPLES  Details of additional embodiments of the
invention are provided in the following non- 25
limiting examples. Examples 1-5  Procedure 1: Batch
Isotherm Method 30 For each adsorbent listed in Table
1, solutions of the given adsorbents in test water
were  prepared in 60 mL plastic centrifuge tubes.
Solutions were prepared at four to five 11 WO
2008/101137 PCT/US2008/054042  different adsorbent
concentrations in water. Two experimental water
samples were  prepared a `ground water' sample (Table
2) and a `surface water' sample (Table 3). The acids
which ionize to PFBA, PFBS, PFOA, and PFOS may be
obtained from  VWR, West Chester, PA. The mixture of
water (ground water or surface water) and  5 adsorbent
was prepared and placed on a shaker and equilibrated
for 34 to 95 hours at 20C. The samples were then
centrifuged and a sample of the supernatant solution
was  saved for analysis using liquid chromatography /
mass spectroscopy (LC/MS). The adsorption capacity of
the different adsorbents was determined using the
measured  10 adsorbent dosages and the difference
between the initial and equilibrium measured
concentrations of fluorochemicals at each ion exchange
resin dose. The calculations are as follows: C,nnai =
initial concentration (ng/mL) of a given compound
present in the water  15 prior to the adsorption
experiment. Ceq = equilibrium concentration (ng/mL) of
a given compound present in  supernatant after
exposure of the water to the adsorbent. V = volume
(mL) of water in of the centrifuge tube.  Mads = mass
(gm) of adsorbent in the centrifuge tube. 20 MFC =
mass (ng) of fluorochemical adsorbed to the adsorbent.
Where, 



MFC = V X (Cinitial - Ceq  and, 25 CS = the adsorbed
concentration (ng/gm) of the given compound.  Where,
CS (ng/gm) = MFc  Maas  12 WO 2008/101137
PCT/US2008/054042  An isotherm plot of the form log CS
versus log Ceq can be prepared from these data. The
slope of this plot has an equation of the form:  logCS
=logK+ 1 logCeq n  5 Where K = the equilibrium
adsorption coefficient and is determined from the
Y-intercept  of the plot, 1/n = the slope of the plot.
Should n = 1 the isotherm is said to be linear.  10
Individual isotherm plots were prepared for the
adsorption of PFHxS, PFOA, and  PFOS to several
adsorbents. Table 1  Materials (Examples 1-5)  15
Adsorbent Functionality Matrix  Dowex 1 Quaternary
amine Gel  trimeth lamine Dowex NSRI Quaternary amine
Macroporous  trieth lamine Dowex PSR2 Quaternary amine
(tri-n- Gel  bu lamine Dowex PSR3 Quaternary amine
(tri-n-butyl Macroporous  



amine)  Dowex M43 Tertiary amine Macro porous Dowex
Monosphere 77 Tertiary amine Macro porous  XUS-43594
n-meth l-D lucamine Macro porous  XUS-43600
thiouronium macro porous  Calgon F600 Virgin granular
activated N/A carbon  Norit 830 RS Regenerated
granular N/A  activated carbon 13 WO 2008/101137
PCT/US2008/054042  Table 2 Initial concentrations of
fluorochemicals in water (ground water)  Compound Avg.
Residual Concentration StandardDeviation  (n /mL)
(RSD) (%) PFBA 114 6%  PFBS 18 5%  PFOA 103 6%  PFOS
16 10%  5 Table 3 Initial concentrations of
fluorochemicals in water (surface water)  10 Average
Concentration  (ng/mL)  



Average RSD PFHxS 318 6%  PFOS 1,705 6%  Example 1:
Solutions of adsorbents listed in Table 1 were
prepared and tested according to  Procedure 1 using
water formulated as in Table 2. The concentrations of
the 15 adsorbents were as recited in Table 4. The
Calgon F600 adsorbent (activated carbon)  was included
as a comparative. Table 4  Vial preparation  20
Nominal Dry Water Volume Nominal Adsorbent  Vial
Adsorbent Mass (mg) (mL) Concentration (m /L)  1 20 30
667 2 50 30 1,667  3 100 30 3,333  4 1000 30 33,333
Isotherms for PFOA and PFOS are set forth in Figures 2
and 5.  14 WO 2008/101137 PCT/US2008/054042  Example
2: Solutions of each of the adsorbents Dow NSR-1, Dow
PSR-2, Dow PSR-3, and the  Calgon F600 activated
carbon were prepared and tested according to Procedure
1 using  the water formulated as in Table 2. The
concentrations of the adsorbents were as 5 recited in
Table 5. The Calgon F600 adsorbent (activated carbon)
was included as a  comparative. Table 5  Vial
preparation  10 



Vial Nominal Dry Water Volume Nominal Adsorbent
Adsorbent Mass (mg) (mL) Concentration (m L)  1 4 30
133 2 30 30 1000  3 150 30 5000  4 3000 30 100000
Isotherms for PFOA and PFOS are set forth in Figures
2, 4 and 5.  Example 3: 15 Solutions of each of the
adsorbents Dow NSR-1, Dow PSR-2, Dow PSR-3, and the
Calgon F600 were prepared and tested according to
Procedure 1 using the water as in  Table 2. The
concentrations of the adsorbents were as recited in
Table 6. The Calgon  F600 adsorbent (activated carbon)
was included as a comparative. 20 Isotherms for PFOA
and PFOS are set forth in Figures 2, 4 and 5.  Table 6
Vial preparation Vial Nominal Dry Water Volume Nominal
Adsorbent  Adsorbent Mass (mg) (mL) Concentration (m
/L)  1 1 30 33 2 10 30 333  3 50 30 1,667  4 1000 30
33,333  25 15 WO 2008/101137 PCT/US2008/054042
Example 4: Solutions of each of the adsorbents Dowex
PSR 2, Calgon F600 and Norit 830RS were  prepared and
tested according to Procedure 1 using the water
formulated as in Table 3.  The concentrations of the
adsorbents were as recited in Table 7. The Calgon F600
and  5 the Norit 830RS adsorbents (activated carbon)
were included as comparatives. 



Isotherms for PFHXS and PFOS are set forth in Figures
3 and 6.  Table 7 10 Vial preparation Vial Adsorbent
Adsorbent Adsorbent Volume of Water  Concentration (m
/L) Mass (g) Mass (mg) (mL) 0 0 0 0 30  1 200 0.006 6
30  2 2,000 0.06 60 30  3 10,000 0.3 300 30  4 200,000
3 3000 15  5 400,000 6 6000 15  Example 5: 15 Three
ion exchange resins or adsorbents were used: Dowex 1,
Dow NSR- 1, and Dow  PSR-2. Three ion exchange columns
were prepared, each having a series of sampling  ports
A through N with a distance of 5 cm between each
sampling port. The length of  the packed bed inside
each column was 71 cm and the diameter of each column
was 3.2  cm. The empty volume of each column was 571
mL. 20 Column tests were conducted by first hydrating
individual ion exchange resins for 72  hours using
treated water prepared from a Milli-Q water
purification system obtained  from Millipore
Corporation of Billerica, Massachusetts. Each ion
exchange resin was  placed in a clean 2L bottle with
approximately 1.2L of the purified water. Individual
25 columns were filled by pumping purified water in an
up-flow mode (i.e. from the  bottom of the column out
through the top of the column) and adding a slurry of
the  hydrated ion exchange resin in purified water to
the top of the column. The slurry  gently settled to
the bottom of the column and care was taken to allow
the bed to pack 16 WO 2008/101137 PCT/US2008/054042
homogenously with the water level kept above the top
of the ion exchange resin bed.  



The ion exchange adsorbent bed was packed from the
bottom of the column up to Port  A. The space between
the top of the column to Port A was filled with a
non-woven  polyethylene plastic wool material to
prevent the top of the bed from deforming due to 5 the
energy of the influent water. The water used for the
column study was the water of Table 2. The experiment
was  started by pumping fluorochemical containing
water from a 55 gallon drum to the top  of a column
using a model QD FMI pump (Fluid Metering Inc.,
Syosset NY). A 10 portion of the water that did not
flow through the column was allowed to over-flow the
column head and flow back into the 55 gallon drum to
provide a constant column head  pressure. The flow
rate of water through the column was nominally 40
mL/min.  Samples could be removed from the system at
the column influent and effluent  locations as well as
at the sampling ports A-N. 15 The column experiment
was run over a 10 day period. Within one day of
start-up it  was noted that the columns became
discolored with a brown-orange color. It was  believed
that this discoloration was due primarily to the
precipitation of Fe(OH)3. An  analysis of the influent
water and the non-woven wool material at the top of
the bed did 20 indicate the presence of significant
amounts of Ca, Fe, and Mn. The PFBA traveled through
the column at the greatest velocity. The ability of
the  different ion exchange resins (as compared to
granulated carbon) to remove this  compound is
summarized in Table 8. The velocities at which the
breakthrough curve 25 of PFBA traveled through the
column are presented in Table 8 and were calculated by
assuming the average distance that the breakthrough
curve has traveled is the distance  at which the
concentration of PFBA is 50% of the influent
concentration. From Table  8, the Dow PSR-2 is
estimated to allow for a factor of 3.3 times longer
operation (i.e.  treat 3.3 times more water) than the
Calgon F600 activated carbon, included as a 30
comparative. 17 WO 2008/101137 PCT/US2008/054042  



Table 8 Estimated removal time for PFBA in groundwater
Adsorbent Velocity of PFBA Estimated Days of Operation
MTZ (ft/day) at Full Scalea F600 0.11 90 b days  Dowex
1 0.16 42 Dow NSR 1 0.059 116  Dow PSR 2 0.033 208
'Assume adsorbent used in a single Calgon Model 10
adsorber having 6.82 ft bed depth and operated  5
until 50% breakthrough. b Could run up to 90 days
based on another method to estimate operation time.
Examples 6-23 10 Materials used for the preparation of
Ion exchange resins in Examples 6-20 are set forth  in
Table 9. Table 9  Materials (Examples 6-20)  15 Dow
XVR chloromethylated styrene- divinyl benzene
crosslinked resin, Dow Chemical, Midland  Michigan.
Dowex 66 N,N-dimethylamino methylated styrene- divinyl
benzene crosslinked resin, Dow  Chemical, Midland
Michigan Tri-n-hex lamine Alfa Aesar, Ward Hill, MA
Tri-n-oc lamine Alfa Aesar, Ward Hill, MA  Diiso ro
leth lamine ("DIPEA") Sigma-Aldrich, Milwaukee, WI
1-bromohexane, 1-chlorohexane, 1- Sigma-Aldrich
Milwaukee, WI.  bromododecane, 1-chlorododecane, 1
chlorohexadecane, and 1-bromooctadecane 



N,N-dimethyl formamide (DMF) EMD Chemicals Gibbstown,
NJ  N,N-dimethyl acetamide (DMAc) EMD Chemicals
Gibbstown, NJ  Iso ro anol EMD Chemicals Gibbstown, NJ
Dichloromethane EMD Chemicals Gibbstown, NJ  Meth
l-t-bu l ether EMD Chemicals Gibbstown, NJ.
C6F13CH2CH2OH Clariant Corp., Mount Holly, NC
Perflorobu lsulfonic acid fluoride (PBSF) 3M Company,
St Paul. MN HFE-7100 Hydrofluoroether (C4F9OCH3), 3M
Company,  St Paul. MN C4F9SO2N(CH3)H Prepared
according to Example 1 of U.S.  Patent 2,809,990,
using methylamine and  PBSF 18 WO 2008/101137
PCT/US2008/054042  Example 6: An ion exchange resin
was prepared. A 250mL round bottom equipped with
magnetic  stirbar was charged with Dow XVR
chloromethyl styrene resin, 30.Og (66 meq , 2.2
meq/g), tri-n-octylamine, 23.34g ( 66 meq), and 150mL
of N,N-dimethylformamide, 5 and placed in a heating
bath at 90C, with stirring, under nitrogen for 48
hours. The  resin was isolated from the reaction
mixture by filtering off the solvent using a `C'
porosity fritted Buchner funnel, followed by washing
of the resin successively with  about 100 mL water, 50
mL isopropanol, 100 mL water, and 250 mL
methyl-t-butyl  ether, and drying the resin for about
30 min at 120C. Starting materials and reaction  10
conditions are summarized in Table 10. Examples 7 -
16: Ion exchange resins were prepared using a
procedure similar to that described in  Example 6.
Starting materials and reaction conditions are given
in Table 10. 15 Example 17: 



Ion exchange resin was prepared in a two step
procedure including (i) the synthesis of a  functional
group intermediate and (ii) its subsequent reaction
with the resin to form a  quaternary amine. 20 (i)
Synthesis of functional group intermediate
N-2-Dimethylaminoethyl-N-
methylperfluorobutanesulfonamide -
{C4F9SO2-N(CH3)-CH2CH2-N(CH3)2}- A mixture  of 62.6g
(0.163mo1) N-methylperfluorobutanesulfonamide, 28.8g
(0.2 mol) 2- dimethylaminoethyl chloride hydrochloride
(Aldrich Chemical), and 100 mL 25 tetrahydrofuran was
treated with 40g (0.5 mol) 50% sodium hydroxide in
water and  heated to reflux. After 2.5 hr, analysis by
gas/liquid chromatography showed complete  conversion
and the mixture was washed with water, extracted with
methylene chloride.  The dried organic layer was
concentrated and one-plate distilled to 45.Og (0.l
19mol,  59%) of a pale yellow solid, bp 120C/0.2 mmHg.
30 (ii) Synthesis of quaternary amine ion exchange
resin - A 250 mL round bottom flask  was equipped with
magnetic stir bar, reflux condenser and N2 inlet and
was charged  19 WO 2008/101137 PCT/US2008/054042  with
DOW-XVR resin (5g, 0.01 moles),
C4F9SO2-N(CH3)-CH2CH2-N(CH3)2 (1) (3.84  g, 0.01
moles), 25 g of dry DMF and DIPEA (1.2925g, 0.01
moles). The reaction  mixture was heated at 90C for 48
hours. The functionalized solid was washed with
HFE-7100, isopropanol, methylene chloride and water
(50g x 2 times) and dried in an 5 air oven at 80C for
48 hours. Starting materials and reaction conditions
are  summarized in Table 10. Example 18: Ion exchange
resin was prepared in a two step procedure including
(i) the synthesis of a  10 functional group
intermediate and (ii) its subsequent reaction with the
resin to form a  quaternary amine. (i) Synthesis of
functional group intermediate: C6F13CH2CH2OSO2CH3  



(C6F13CH2CH2OMs) - A 500 mL 3-neck round bottom flask
was fitted with a 15 mechanical stirrer and a nitrogen
inlet tube connected to a bubbler. The flask was
charged with C6F13CH2CH2OH (72.86 g), triethylamine
(23.27 g), and tert-butyl methyl  ether (121.29 g).
The flask was cooled in an ice bath with the contents
under a nitrogen  atmosphere. The flask was fitted
with an addition funnel, and then methanesulfonyl
chloride (25.20 g) was added via the funnel over
approximately a time period of 120 20 minutes. The
mixture was allowed to warm to room temperature
overnight. The  mixture was then washed with aqueous
IN HC1(120 g) and then with 2 weight percent  aqueous
sodium carbonate (120 g). The mixture was dried over
anhydrous magnesium  sulfate. The mixture was then
filtered. Solvent removal was accomplished using a
rotary evaporator to provide an intermediate product
as a solid. 25 (ii) The intermediate product was
reacted to provide a quaternary amine ion exchange
resin. The synthesis was similar to that described in
Example 17, and the starting  materials and reaction
conditions are given in Table 10. 30 Example 19: Ion
exchange resin was prepared in two separate steps, (i)
the synthesis of the  functional group intermediate
and (ii) its subsequent reaction with the resin to
form the  20 WO 2008/101137 PCT/US2008/054042
quaternary amine. The procedure was similar to that
described in the preparation of  Example 18. Starting
materials and reaction conditions are given in Table
10. Example 20: 5 Ion exchange resin was prepared as
in Example 6. Starting materials and reaction
conditions are given in Table 10. Example 21: Example
21 was a Dowex PSR3 adsorbent.  10 Example 22: 



Example 22 was a Purolite A530E adsorbent obtained
from Purolite Company of  Philadelphia, PA. 15 Example
23: Example 23 was a Silicycle TBA chloride adsorbent
obtained from Silicycle of  Quebec, Canada. 20 21 WO
2008/101137 PCT/US2008/054042  U o 0 0 0 0 0 0 0 0 o N
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yC 22 WO 2008/101137 PCT/US2008/054042  0 0 ~ o o 0 0
0  Q Q ~ Q  c.) M M U U E M N N zx o o  o U U U  oc 0,
o 23 WO 2008/101137 PCT/US2008/054042
Characterization of Resins (Examples 6 - 23) Procedure
2: Adsorption Capacities Solutions of the adsorbents
of Examples 6 - 23 were prepared. Adsorbent and water
5 were placed in plastic centrifuge tubes to provide a
range of adsorbent concentrations  in water. All tubes
contained the same initial concentration of
fluorochemicals in  water. The tubes containing a
mixture of water and adsorbent were placed on an
orbital  shaker and shaken for at least 44 to 48 hours
at 20C. Thereafter, the adsorbent  samples were
centrifuged. A sample of the supernatant solution was
taken and 10 analyzed by LC/MS to determine the
concentration of the individual fluorochemicals in
water nominally equilibrated with the adsorbent. Three
centrifuge tubes were filled  with the same initial
solution but contained no adsorbent. These samples
were used to  determine the initial concentration.
From these data the mass of a given fluorochemical  



adsorbed to the adsorbent was determined and the value
normalized to the mass of dry 15 adsorbent added to
the centrifuge tube. These data were used to construct
an isotherm  plot of the quantity (adsorbed
mass/adsorbent mass) versus apparent equilibrium
fluorochemical concentration. The target adsorbent
dosages are summarized in Table  11. 20 Table 11
Nominal Adsorbent Dosages for Batch Isotherm Studies
Adsorbent Dose Adsorbent Dose Adsorbent Dose  m /L m 0
0 0  100 0.003 3  1,000 0.03 30  5,000 0.3 300
100,000 3 3000  Initial water volume 30 mL Samples
were analyzed by LC/MS using electrospray ionization
and operating in  negative ion mode. The mass to
charge ratio (m/z) used to quantify the concentration
of  25 an individual fluorochemical in water is
summarized in Table 12. For each batch of isotherm
experiments, calibration curves were prepared in water
such that the  24 WO 2008/101137 PCT/US2008/054042
concentration range would bracket the range of
fluorochemical concentrations expected  in the given
experiment. Over the five batches of isotherm
experiments, the calibration  curves ranged between
0.01 ng/mL to500 ng/mL for each target fluorochemical
i.e.  PFBA, PFOA, PFBS, PFHXS or PFOS, etc.. 5 Table
12 Mass to charge ratios for compounds in water
Compound M/Z 



PFBA 213  PFBS 299  PFOA 413  PFOS 499 10 For each
sample a lab matrix spike (LMS) was prepared by taking
a second aliquot of  sample and spiking (i.e.
fortifying) it with known amount of a given
fluorochemical.  The spike level was either a low or
high spike. For samples that were expected to have
low amounts of fluorochemicals; the LMS sample was
spiked with relatively low levels  of fluorochemicals.
The spike amount represents the expected concentration
that 15 results from spiking of a given mass of
fluorochemical into the given sample volume.  For
example a low spike of 3 ppb indicates that in the
absence of any given endogenous  fluorochemical, the
concentration of the given fluorochemical in the LMS
will be 3  ppb. Should endogenous levels of
fluorochemical exist, the expected concentration
would be the endogenous concentration plus that spiked
concentration. For example 20 should the endogenous
level be 2 ppb and the spike level be 3 ppb, the
concentration of  the LMS would be 2 ppb + 3 ppb = 5
ppb. The recovery of fluorochemical in an LMS was
calculated as follows:  25 Recovery(%) = CLMS x 100
Cspike + Cendogeneous  Where, CLMS = the concentration
(ng/mL) of a given chemical observed in the analysis
of the  LMS sample. 25 WO 2008/101137
PCT/US2008/054042  Cspike = the spike level (ng/mL)
that results from spiking a sample solution with a
known  amount of a given chemical. Cendogenous = the
endogenous concentration (ng/mL) of fluorochemical as
determined  from the un-spiked sample. 5 



In this study if the recovery of a LMS was outside the
range of 70 to 130%, the sample  data were rejected.
The adsorption capacity of the different adsorbents
was determined  using the measured adsorbent dosages
and the difference between the initial and
equilibrium measured concentrations of fluorochemicals
at each adsorbent dose. The  10 calculations are as
follows: Cinfial = initial concentration (ng/mL) of a
given compound present in the water prior to  the
adsorption experiment/ Ceq = equilibrium concentration
(ng/mL) of a given compound present in supernatant
after exposure of the water to the adsorbent. 15 V =
volume (mL) of water in the centrifuge tube.  Mads =
mass (gm) of adsorbent in the centrifuge tube. MFC =
mass (ng) of fluorochemical adsorbed to the adsorbent.
Where, MFC = V x (Cinitial - Ceq  20 and, Cs = the
adsorbed concentration (ng/gm) of the given compound.
Where, Cs = MFC  Mads  A Freundlich plot of the form
log Cs versus log Ceq can be prepared from these data.
The 25 slope of this plot has an equation of the form:
log CS = log K + 1 log Ceq n  Where K = the
equilibrium adsorption coefficient and is determined
from the Y-intercept of the  plot, 26 WO 2008/101137
PCT/US2008/054042  1/n = the slope of the plot. Should
n = 1 the isotherm is said to be linear. 



The removal efficiencies at a given adsorbent
concentration are set forth in Table 13 for  target
fluorochemicals from the groundwater samples described
in Table 2, for the 5 adsorbents of Examples 6-16, 18,
19 and those used for Examples 21-23. The Calgon  F600
adsorbent (activated carbon) was included as a
comparative. Multiple  determinations were made for
each of the samples. Table 13 REMOVAL  Example
Adsorbent PFBA PFBS PFOA PFOS  (Adsorbent)
concentration in ground  water (gm/L) Comparative 0.16
25% 39% 36% 28%  Cal on F600) I  Comparative 1.0 71%
92% 94% 97%  Cal on F600 Comparative 11 98% 100% 99%
--- Cal on F600 Comparative 97 100% 100% --- 100%  Cal
on F600 21 0.06 20% 20% 19% 29%  21 0.19 54% 62% 59%
69%  21 2.9 98% 99% 98% --- 21 30 100% --- 100% --- 6
0.08 27% 56% 56% 70%  6 0.42 82% 98% 97% 98%  6 4.5
99% 100% 100% --- 6 47 100% --- --- --- 7 0.04 35% 75%
70% 81%  7 0.36 87% --- 97% 99%  



27 WO 2008/101137 PCT/US2008/054042  7 4.1 100% 100%
--- -- 7 45 100% --- --- 100%  8 0.07 60% 92% 88% 93%
8 0.31 93% --- 99% 99%  8 4.1 100% 100% 100% 100%  8
40 100% --- --- 100%  9 0.08 8% 16% 16% 17%  9 0.27
57% 68% 62% 73%  9 3.4 98% 100% 99% --- 9 34 100% 100%
100% --- 10 0.08 22% 31% 31% 30%  10 0.33 50% 64% 60%
69%  10 3.6 99% 100% 100% --- 10 38 100% 100% 100% 98%
11 0.06 22% 40% 38% 53%  11 0.33 57% 69% 67% 81%  11
3.8 99% 100% --- --- 11 37 100% 100% --- --- 12 0.13
29% 50% 44% 54%  12 0.40 85% 93% 90% 90%  12 4.6 98%
99% 98% 100%  12 46 100% --- --- --- 28 WO 2008/101137
PCT/US2008/054042  13 0.11 7% 17% 12% 20%  13 0.34 55%
66% 63% 70%  13 3.9 97% 100% 99% 100%  



13 40 99% 100% 99% -- 14 0.13 2% 4% 3% 30%  14 0.24
54% 70% 91% --- 14 4.0 98% 100% 99% 97%  14 41 100%
100% --- --- 15 0.07 14% 62% 62% 67%  15 0.44 74% ---
99% 100%  15 4.4 96% 100% 100% --- 15 44 100% 100%
100% --- 16 0.08 48% 93% 91% 94%  16 0.33 87% 98% 98%
98%  16 3.6 99% 100% 100% --- 16 37 100% 100% 99% 86%
18 0.04 17% 32% 26% 38%  18 0.13 40% 56% 53% 62%  18
3.3 94% 99% 98% --- 18 36 95% 100% --- --- 19 0.05 6%
14% 15% 19%  19 0.25 59% 72% 70% --- 19 3.3 98% 100%
99% 29 WO 2008/101137 PCT/US2008/054042  19 19 35 98%
100% --- --- Comparative 0.0064 37% 74% 68% --- Cal on
F600 Comparative 0.0298 94% 100% 100% --- Cal on F600
Comparative 0.3159 100% 100% 100% --- 



Cal on F600 Comparative 3.1 99% 100% 100% --- Cal on
F600 21 0.0021 22% 43% 19% --- PSR 3 21 0.0155 97% 99%
97% --- PSR 3 21 0.106 100% 100% 100% --- PSR 3 21
1.0048 100% 100% 100% --- PSR 3 6 0.0018 27% 70% 60%
--- 6 0.0126 92% 99% 99% --- 6 0.1499 100% 100% 100%
--- 6 1.5047 100% 100% 100% --- 8 0.0039 83% 100% 98%
--- 8 0.0151 99% 100% 100% --- 8 0.1247 100% 100% 100%
--- 8 1.1749 100% 100% 100% --- 22 0.0029 40% 72% 52%
--- 22 0.0152 91% 99% 97% --- 22 0.1448 100% 100% 100%
--- 22 1.0145 100% 100% 100% --- 30 WO 2008/101137
PCT/US2008/054042  23 0.0029 0% 0% 0% --- 23 0.0297 4%
15% 19% --- 23 0.3046 100% 56% 73% --- 23 3 100% 97%
99% -- 



Various embodiments of the invention have been
described in detail herein. Those  skilled in the art
will appreciate that changes may be made to the
described  embodiments without limiting or departing
from the true scope of the invention. 31 WO
2008/101137 PCT/US2008/054042  What is Claimed: 1. A
system for the removal of fluorochemicals from water,
comprising: A vessel containing the ion exchange
resin, the ion exchange resin comprising  5 an
insoluble matrix having functional groups bonded
thereto, the functional groups  comprising quaternary
amines of the formula: - N(R1R2R3)  Where N is
nitrogen; and 10 R1, R2 and R3 are hydrocarbon groups
and can be the same or different,  normal, branched
and/or partially or fully substituted and having a
carbon  chain length of Ci or greater, the hydrocarbon
chain optionally including  polar groups; An inlet for
directing a flow of water into the vessel to thereby
contact the ion  15 exchange resin; and An outlet for
directing a flow of water out of the vessel. 2. The
system as defined in claim 1, wherein R1, R2 and R3
are the same. 20 3. The system as defined in claim 2,
wherein at least one of R1, R2 or R3 further  include
a polar group selected from 0, N and S. 4. The system
as defined in claim 1, wherein R1, R2 and R3 are
hydrocarbon groups  having a carbon chain length
ranging from Ci to C18. 25 5. The system as defined in
claim 4, wherein R1, R2 and R3 are the same. 6. The
system as defined in claim 4, wherein at least one of
R1, R2 or R3 further  include a polar group selected
from 0, N and S. 



30 7. The system as defined in claim 1, wherein at
least one of R1, R2 or R3 is  fluorinated. 32 WO
2008/101137 PCT/US2008/054042  8. The system as
defined in claim 1, wherein the quaternary amines are
selected  from the group consisting of +N(CsH17)3,
+N(C6H13)3, +N(CH3)2(C6H13), +N(CH3)2(C12H25),
+N(CH3)2(C16H33), +N(CH3)2(C1sH37),
+N(CH3)2CH2CH2C6F13, 5 +N(CH3)2CH2CH2N(CH3)SO2C4F9,
+N(C4H9)3, +N(C3H7)3, +N(C2H5)3, +N(CH3)3, and
combinations of two or more of the foregoing. 9. The
system as defined in claim 1 wherein ion exchange
resin comprises a  difunctional resin consisting of a
first quaternary amine and a second quaternary amine.
10 10. The system as defined in claim 9 wherein the
matrix comprises polystyrene and  wherein the first
quaternary amine is triethyl quaternary amine and the
second  quaternary amine is trihexyl quaternary amine.
15 11. The system as defined in claim 1, wherein the
matrix is selected from the group  consisting of
polymers, gels, clays, diatomaceous earth and
combinations of two or  more of the foregoing. 12. The
system as defined in claim 11, wherein the polymer is
polystyrene.  20 13. The system as defined in claim
11, wherein the gel is silica gel. 14. A process for
the removal of fluorochemicals from water, the process
comprising: 25 Exposing water comprising
fluorochemicals to an ion exchange resin, the resin
comprising an insoluble matrix having functional
groups bonded thereto, the functional  groups
comprising quaternary amines of the formula: -
N(R1R2R3)  Where 



30 N is nitrogen; and R1, R2 and R3 are hydrocarbon
groups and can be the same or different,  normal,
branched and/or partially or fully substituted and
having a carbon  33 WO 2008/101137 PCT/US2008/054042
chain length of Ci or greater, the hydrocarbon chain
optionally including  polar groups; Maintaining the
water in contact with the resin for a period of time;
and  Separating the water from the resin. 5 15. The
process as defined in claim 14, wherein R1, R2 and R3
are the same. 16. The process as defined in claim 14,
wherein at least one of R1, R2 or R3 further  include
a polar group selected from 0, N and S. 10 17. The
process as defined in claim 14, wherein R1, R2 and R3
are hydrocarbon  groups having a carbon chain length
ranging from C1 to Cis. 18. The process as defined in
claim 17, wherein R1, R2 and R3 are the same.  15 19.
The process as defined in claim 17, wherein at least
one of R1, R2 or R3 further  include a polar group
selected from 0, N and S. 20. The process as defined
in claim 14, wherein at least one of R1, R2 or R3 is
20 fluorinated. 21. The process as defined in claim
14, wherein the quaternary amines are selected  from
the group consisting of +N(CsH17)3, +N(C6H13)3,
+N(CH3)2(C6H13),  +N(CH3)2(C12H25), +N(CH3)2(C16H33),
+N(CH3)2(C1sH37), +N(CH3)2CH2CH2C6F13, 25
+N(CH3)2CH2CH2N(CH3)SO2C4F9, +N(C4H9)3, +N(C3H7)3,
+N(C2H5)3, +N(CH3)3, and  combinations of two or more
of the foregoing. 22. The process as defined in claim
14 wherein ion exchange resin comprises a
difunctional resin consisting of a first quaternary
amine and a second quaternary amine.  



30 34 WO 2008/101137 PCT/US2008/054042  23. The
process as defined in claim 22 wherein the matrix
comprises polystyrene  and wherein the first
quaternary amine is triethyl quaternary amine and the
second  quaternary amine is trihexyl quaternary amine.
5 24. The process as defined in claim 14, wherein the
matrix is selected from the  group consisting of
polymers, gels, clays, diatomaceous earth and
combinations of two  or more of the foregoing. 25. The
system as defined in claim 24, wherein the polymer is
polystyrene.  10 26. The system as defined in claim
24, wherein the gel is silica gel. 27. An ion exchange
resin comprising a matrix having functional groups
bonded  thereto, the functional groups comprising
quaternary amines of the formula: 15 - N(R1R2R3)
Where  N is nitrogen; and R1, R2 and R3 are
hydrocarbon groups and can be the same or different,
normal, branched and/or partially or fully substituted
and having a carbon chain length  20 of Ci or greater,
the hydrocarbon chain optionally including polar
groups, wherein at  least one of R1, R2 or R3 is
fluorinated. 35 


