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PCT/ US96/ 08800 : _ SUVMMARY COF THE | NVENTI ON To achi eve
the foregoing and other objects, and in accordance w th the purposes of the
present invention, as enbodied and broadly descri bed herein, the present
|Pvent|on pr?videz ?nion exchange resins having substantial repeating units
of a type selecte romthe group consisting of (a err wher ei n
Q is phosphdYQ26408%:h R js the sanme and is an al ky? Lavi ]ngpﬂlgﬁq%imtsog about

6 carbon atons, niOR EXCHANGEFOLIYMERS FOR ANIGN-SBPARATIONS x i s from about
0.2 to about 1.0, and X is a counterion, (b) [err]

FIELD OF THE INVENTION
. The present invention relates to ion exchange resins and to a process of separating
f anions, including anionic metal complexes, using such ion exchange resins. This
invention is the result of a contract with the United States Department of Energy
(Contract No. W-7405-ENG-36).
' GROUND OF THE INVENTION

Polymer resins containing charged functional groups have been used for many
years to recover anions and cations from solution. The fixed charged functional
groups on the resin require counterions of opposite charge to maintain overall
electroneutrality. In contact with a solution, anions or cations present in the solution
may exchange with groups of the same charge bound electrostatically to the charged
polymer sites, hence the term “ion exchange” for this process. One useful feature of
this ion exchange process is the ease of separating solid resin from the treated
solution. The ion exchange equilibria for a particular resin structure and solution
composition are driven by a variety of thermodynamic and kinetic factors that are still
only partially predictable.

One resin property of great importance for industrial applications is the selectivity
for binding particular metal ions from solution. Useful ion exchange resins
preferentially bind a target metal ion over other metal jons. The desire to remove the
target metal ion may result for a variety of reasons including greater value of the
target metal (e.g., gold versus iron), greater toxicity of the target metal (¢.g., mercury
versus sodium), or deleterious effects of the target metal ion on subsequent operations
(e.g., lead poisoning of catalytic converters).

It is an object of this invention to provide anion exchange resins for removal of
target anions or anionic metal complexes from solution.

Another object of the present invention is to provide a process for removal of
target anions or anionic metal complexes from solution using the anion exchange

resins.
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wherein each Ris the sane and is an al kyl having from1 to about 6 carbon
atonms, nis an integer froml to 6, mis an integer from1l to 4, pis an
integer from1l to 6, x +y =1 and x is fromabout: 0.2 to about 1.0, and
X[err] is a counterion, (c) [err] WD 96/ 40803

PCT/ US96/ 08QYoe/aospdherein n is an integer from2 to 6, X pcyosdsossd X 1S
fromabout 0.2 to about 1.0, and Xis a counterion, (d) [err]

$UMMARY OF THE INVENTION.
To achieve the foregoing and other objects, and in accordance with the purposes

of the present invention, as embodied and broadly described herein, the present

41

invention provides anion exchange resins having substantial repeating units of a type
selected from the group consisting of (a)

—{(CHCHY—CH,CHY—
N ~»
L
N% N

2X  (CH2nQ'Ry
wherein Q is phosphorus, each R is the same and is an alky} having from 1 to about 6

carbon atoms, n is an integer from 1 to 6, x + y = 1 and x is from about 0.2 to about
1.0, and X' is a counterion, (b)

—(CH,CH—~CH,CH}—
N =
l s I o
N N

2X  (CHp)Oln(CH2)N'Rs

wherein each R is the same and is an alkyl having from 1 to about 6 carbon atoms, n is
an integer from 1 to 6, m is an integer from 1 to 4, p is an integer from 1t0 6, x +y =
1 and x is from about 0.2 to about 1.0, and X' is a counterion, (c)

—{(CHCHL—~CH.CHy—

2X" (CHahn



wherein one of AA- Band Dis nitrogen, nis an integer from2 to 6, x + y=
1 and x is fromabout 0.2 to about 1.0, and X/ err] is a counterion, and
(e) [err] wherein one of A, B and D:is nitrogen and one of
A, B and D is nitrogen, each Rand R is an al kyl having from 1l to about
6 carbon atoms, R is attached to said A, B or D which is nitrogen, nis an

i nteger fromypokmesges a + b + ¢ + d =1 and a + b i s from akgiuddéessp® about
1.0, and X is a counterion. =~ The present invention further provides a

met hod of separating anions ofr anionic netal conplexes from an aqueous
solution including contacting a sol ution containing a target anion with an

ani on exch% ewéﬁg:?g% ?rgfnf%té regea‘rllx glgia sut%fztgaw‘ﬂqﬂ?glllfct ed from

t he group
® X'is a counterion,

@
—{(CHCH}—~CH.CHy—

Q0

wherein one of A, B and D is nitrogen, n is an integer from2t0 6, x+y=1and x is
from about 0.2 to about 1.0, and X'is a counterion, and
©

—(CH2CH)—(CH2CH)—(CH20H)°—(CH2CH)——

2 Q QT

2X (CHz)n X (CHZ),, X R

(L.+R A
D"

wherein one of A, B and D is nitrogen and one of A', B' and D' is nitrogen, each R and
. R'is an alky! having from 1 to about 6 carbon atoms, R’ is attached to said A, B or D

which is nitrogen, n is an integer from 1 to 6,a+b+c+d=1anda+b is from .
about 0.2 to about 1.0, and X' is a counterion.

The present invention further provides a method of separating' anions or anionic
metal complexes from an aqueous solution including contacting a solution containing
a target anion with an anion exchange resin of substantial repeating units of a type
selected from the group consisting of: (a)
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WD 96/ 40803 PCT/ US96/ 08800 [err]
wherein Qis nitrogen or phosphorus, each Ris the sane and is an al kyl

having from1 to about 6 carbon atonms, n is an integer from 2
to 6 when Qis nitrogen and an integer S nifroml to 6 when Qis
phosphorus, wo96408031 and x is fromabout 0.2 teo about 1.0,PCIAIS96/08800
X[err] is a counterion, (b) [err]

wherein each Ris the sane and is a&_x@ |ng from1l to about 6 carbon
atons, nis anln’t_egé'r% mis an integer from1l to

1 and x is from about
[err]

4, pis an integer froml to 6, x +
0.2 to about 1.0, and Xerr] is a

7z
=

N

2X  (CHnQ"Rs
wherein Q is nitrogen or phosphorus, each R is the same and is an alkyl having from 1
to about 6 carbon atoms, n is an integer from 2 to 6 when Q is nitrogen and an integer
from 1 to 6 when Q is phosphorus, x + y = 1 and x is from about 0.2 to about 1.0, and

X' is a counterion, (b)

—(CH,CHY—CH,CHy—
AN e
I v/ ' ./
+ N

2X"  [(CHo)nOlm(CH2)pN'Rg
wherein each R is the same and is an alkyl having from 1 to about 6 carbon atoms, n is
an integer from 1 to 6, m is an integer from 1 to 4, pisan integerfrom 1t0 6, x+y =
1 and x is from about 0.2 to about 1.0, and X is a counterion, (c)

~—{(CHCHE—{CH,CH};—

NN N
()

./
N N
2X  (CHa)n
L 3
| s
P

wherein n is an integer from 2 to 6, x + y = 1 and x is from about 0.2 to about 1.0, and
X is a counterion, (d)



wherein nis an integer from2 to 6, x + y =1 and x is fromabout 0.2 to

about 1.0, and X is a counterion; (d) WO 96/ 40803
PCT/ US96/ 08800 [err] o wherein one of A, B and Dis nitrogen, n
is an integer froml to 6, x +y =1 and x is fromabout 0.2 to about 1.0,
and X i s a owoes4sse3on, and (e) [err] PCT/US96/08300
" —{(CHCH—~(CH,CH}—

i . N N

LJ L
= : ‘I\l-}' N

. X (CHah
[ 4
B

wherein one of A, B and D is nitrogen, n is an integer from 1t0 6, x+y=1and x is
from about 0.2 to about 1.0, and X' is a counterion, and (e)

—(CHCHI~CH,CH—CH,CH—(CH,CH—
N N R =N
) U L

. f|\|+ l-i- l+

2X (CHan X (CHp)y X R

wherein one of A, B and D is nitrogen and one of A’, B' and D' is nitrogen, each R and
R' is an alky] having from 1 to about 6 carbon atoms, R’ is attached to said A, B or D
which is nitrogen, n is an integer from 1t0 6,a+b+c+d=1anda+b is from
about 0.2 to about 1.0, and X is a counterion, under conditions suitable for sorption of
said target anions or anionic metal complexes by the anion exchange resin, and,
contacting said anion exchange resin including sorbed target anions or anionic metal
complexes with an aqueous solution having properties suitable for separation of said
target anions or anionic metal complexes from the anion exchange resin.
DETAILED DESCRIPTION

The present invention is concerned with anion exchange resins and the use of such

anion exchange resins in the separation of anions or anionic metal complexes. The

present anion exchange resins demonstrate higher selectivity and faster sorption

s



wherein one of A, Band Dis nitrogen and one of A', B and D is nitrogen,
each Rand R is an alkyl having from1l to about 6 carbon atons, R is
attached to said A, B or Dwhich is nitrogen, nis an integer froml to 6,
a+b+c+d=1anda+bis fromabout 0.2 to-about 1.0, and X is a
count eri on, wyygAssesondi tions suitable for sorption of saipcigsegmsseeni ons or
anioni c netal conpl exes by the ani on exchange resin, and, contacting said

ani on exc .g'gn i ncl udi.n or 1 AeII I ons. or .ankoni ¢ net al
conpl exesng}mgetqﬁsgo% aqdke%fshﬂg'(‘)' Gt 1on é’vﬁc?\dé pr o%@r?lﬂ%gmsﬁhl%fe Bl e for _
separ at i -orresyiltingzin theteaseg efficiericp asd decreased gostcinisathodeparatiquis e Ths presenin L he ani on
exchange r.esin. , s . DETAlI LED DESCRI PT| The present
i nventi on ‘P%%S%'&‘?’ﬂee‘mﬂfﬁvﬁmsaﬂméﬁ@ﬁ%j@‘? BUFHEPE N PREMESe of such ani on
exchange rchargh®funBtionHigerogiRWith d Wéll-@dfined ari teproduciblé Sfaking FRbdby ®ONP! exes. The
present -ani on, exchange resins_denonstrate_ higher selectivity and faster

sor ption chemicat structurpor ong pasgiysly charged functional group and one neutral

TSt oot v hibnal g Shlabe dr ot RITRY ol bl Ao 30 & SO0 st O/ 7 L2

salt solutrions, I'n 1 Nncrease I'clen nd decreased
costs i n shagedfupctionsligrovp, alst with aeelidefinédand népraducibiecspaciegbayweepner resi ns
with repegli ng lé‘ring}o‘slps(‘:ont aining two positively

The anion exchange resins of the present invention generally contain at least two
positively charged sites with a defined spacing therebetween or contain at least one
positively charged site and at least one neutral site capable of protonéiion in acidic
media to yield at least one additional positively charged site also with a defined
spacing therebetween. The defined spacing can be selectively controlled in the
preparation of the anion exchange resin, e.g., by selection of spacer groups such as
alkylene groups, oxy alkylene groups and the like. By control of the positive sites and
the spacing therebetween, selectivity and kinetics of the anion exchange resin in a
separation process can be controlled and enhanced.

The anion exchange resins of the present invention can generally be used for
separation and/or recovery of anions and anionic metal complexes. Included among
the recoverable atiionic metal complexes is plutonium hexanitrido [Pu(NO,),"]. Other
recoverable species may include [UO,(CO,),*] or [UO,(CO,),*]. Additionally, a
series of experiments has been performed to evaluate the general anion exchange
properties of these resins. The experimental procedure involved converting the resin
to a form containing only chloride counterions by washing with concentrated chloride
solutions. The chloride form of the resin was placed in a column and a solution
containing a known concentration of a different anion (such as sulfate, phosphate,
nitrate and the like) was passed through the column until all the chloride anions were
dispiacéd (as measured by ion chromatography). The volume of aqueous solution
required to displace the chloride gave a relative measure of the strength of binding of
the second anion to the ion exchange resin.

In this way, the following general order was established (from strongest to
weakest binding): oxalate > sulfate > nitrate > nitite ~ HPO,” > bromide ~ H,PO, >

6



charged functional groups wth a well-defined and reproduci bl e spaci ng
fixed by the chem cal structure or one positively charged functional group
and one neutral functional group capable of protonation in acidic nedia to
forma second positively charged functional group; also with a

wel | - def i nedweyvdrosapr oduci bl e spaci ng between the charged mrrasv6/08800 The
ani on exchange resins of the present invention generally contain at |east

two positivel it ch%ﬂe .Site L th a defined.spacing therebetween.or contain
at |east ong positl veﬁ?%ﬁﬁ%’éﬁ?@ﬁ%&%fwéﬁ“@%ﬂﬁ@m¢mﬁ capabl e
of pr ot onatmaghitude ofthel differencksdn binditigabesd feind t6 86 bubstastidiydhfluensédd 4yosi ti vel y
charged site alsp with a_defined, spacing therebetween. The defined spacing

can be sel B¢ PRACING bebyren thejtwe positivaly charged sites and thepartigular fimcgignaly c hange
resin, e.g. GldRigithOfketld ARARE Sitd(eQY {rfionfiink infdh AMPS, Oxy

al kyl ene gr%ﬁ@s/plgnd the Iike. By colrﬂe%%g?atﬂge pomh%ﬂgﬂgﬁ es and the
spaci ng t hehelike)nwdns, thes featuies of thezesin tanrtetcontolled to trzomplisnspesificange resin
in-a separati cane=hbe controll ed and enhanced. The ani on
exchange r%oﬁgkeg#gﬁ%g%bofee@gﬂfnﬁ%vention can generally be used for
separati on anGnepropetpufthy présentanion exchiitkeFedinl s espeBihiy lowobiRdiag &5 | ncl uded
anong the recoverabl e ani oni ¢c_netal conplexes is plutonium hexanitrido

[ Pu( NO[ er r [piyterium at diyute ajtris acid, (RN Q| conesptratians ofralsout .4 Melar (M) to about |
of exper | mevkie it AELof w0 1S bl bt bt (sBlde Ml sy 0, 20 °°

properti es cohcentreSensy ixs,absut STV do &N EINOE Thas, dilaraitdo aeidicaybé wsed teonverting -
the resin to.a formconfaj ning on chl ori de counterions by washing with
concent r at AT PPYFES Eﬁlﬂ\“ﬂ %WW?WWM%I?%S pl aced
in a col uMmunagemplefehbislahdthus Eﬁ&&b&ﬁr&ﬂfﬁﬂ%ﬂﬁ?ﬂ&?m@%&&%&ﬂ fferent

I ke) wa

anion (such as sulfate, phosphate, nitrate and the s passed through
t he col urm fram dilute pitrie 2eid allgwsrltoniumi to he recoverediinors| quickly gthigheeasur ed by ion

chr omat ogr %gg&gu?tg}gaxﬂnmgrg&g@ggiégg%_ut ion required to displace the

chl ori de gave at1ve neasure rength of binding of the second

ani on to the Thoarorc&hgge tesitisof the préséntliiveéntivi ihcluidé PoliyRlet fing itener al
order was estapl iglgtesd fromstrongest to weakest binding): oxalate >

sulfate > tAnEhg tap ppst eharged-functionalgsoyps with ayellr | PO err] >
- defined spacing fixed by the chemical structure or include polymer resins with
repeating units containing one positively charged functional group and a neutral group
capable of protonation within acidic media to yield a positifely charged functional
group with a well defined spacing fixed by the chemical structure. The two positively
charged functional groups can each be, e.g., quaternary nitrogens, or a quaternary
nitrogen and a quaternary phosphorus. _

Generally, the anion exchahge resins of the present invention consist of a
poly(vinyl pyridine) polymer structure with appropriate substitution. However, other
polymer structures such as polystyrene can also be functionalized to produce resins
with repeating units containing two positively charged functional groups having
reproducible spacing. With poly(vinylpyridine) as the basic polymer structure,
generally from about 30 to about 80 percent of the pyridine groups are functionalized,
preferably from about 60 to about 75 percent, thereby yielding a first positively
charged functional group. The substitution includes the selected defined spacing
connecting to either a second positively charged functional group or a neutral

7



WD 96/ 40803 '

PCT/ US96/ 08800 acetate. Wiile this general order is simlar to that for

ot her ani on exchange resins, the magnitude of the differences in binding
was found to be substantially influeneced by the spacing between the two
positively choangedesestes and the particular functional groupcwErusséesssogy t he
second cationic site (e.g., trimethylamonium pyridiniumand the |ike).
Thus, these kgt i £ specific
ani on separati ongﬁfmﬁl;ogﬁgﬁa?g:bggi{%&a& e p%{e"f’ﬁ?&%’@‘?&g%‘{e@% ani on
exchange resFhpseedfunatioaaligraupy | ow bi nding to plutoniumat dilute nitric

acid (HNO err]) %ﬁfm ﬂ.aﬁgﬁi f .96 l, AL .1 M i.e.,
at a pH of abou]?f’&gigit%g , %u |°g‘h°f§%%r‘?g‘°éf‘l\@|‘§{‘%a%%?ﬁ%§%°a€ ro nitric
aci d concent whichdsiop hydrephobittoailod fdd éffective\dnidhb2 anidhic Inetdlicbmplexni t ri ¢ aci d
can be used to el.ute or recover sorbed plutoniumfromthe anion exchange

resin with pifPATRHERSIR agueos mediac yspificieahuaationaligation of the pwidine.group he resin
for further i reb gk&;a . i 1rd i oWs

pl ut oni um to&%gﬂlggug‘?gﬁ%%&qﬁd&% %f/ﬁ igg I gﬁgﬁctg%%gﬁt%r‘%ﬁl %ﬁ%ﬁgnd in a
smal | er vol uthe sige ofthg dancexchange Tolumameeded dorcd partipalar separationf Degendinge s ent

pos ti vely oot PRRF sale el 5 e Wakeniton rachon S SgERRg 11 xcd by

the cheni cal funtiotalizttion @4l ¢ Eﬁﬂnlfneé APy (Viagl pyRidie) that' @R 8 Shbtiidd t S

cont ai ni ng one, posi tivel % charged functional " group and a neutral group

capabl e of pingludeBeillex poly(vinoil pyridingdaesin and Reillsx®™ 402 palyrfvingd| v char ged

functi onal ' i dsf aci.ng, fi.xed by .the c 1 cal

structure. iﬁe &Y p%éi Ifllvﬁehl yﬁglﬁgﬂggﬂﬁmﬁmlwa‘éﬂbﬁ’gw@ﬁﬁbe, e.g.,
quat er nary npercenyerosslinked wittodieing] benbonein ReDRE™M4U pdlyQviayigiyfiding) flsms phor us.
Ceneral ly, hangt(]a res'H]s of the present invention consist of a

the ani.on. ex ] ] t
pol y(vi nyl p$§rRS g)ab%ﬁm’r tere f ity divinyl henzeng. | Beth resnsare t ut i on.
However, ot hevailiidé S6@Reflly Td@is#i&SIngUch as pol ystyrene can al so be
functionalized_to produce resins wth repeating units containing two
posi tively chadBeanipnexchangs sesingencradly inohides substantiall mpeiting wijtsof thg. W t h
pol y(vi nyl pygidi ne) as the basic polymer structure, generally from about 30
to about 80 rcent of the pyridine groups are functionalized, preferably
from about 6@)to about 75 percent, thereby yielding a first positively
charged functional group. The substitution includes the sel ected defined

spaci ng connecting to either a—s@ﬂgcl-@eqm-izmﬁ—charged functional group

or a neutral

I\ N
P

5
N + N~
2X  (CHnQ'Rs
wherein Q is nitrogen or phosphorus, each R is the same and is an alkyl having from 1

to about 6 carbon atoms, n is an integer ﬁ'om 2 to 6 when Q is nitrogen and an integer

fron 1 to 6 when Q is phosphorus, x + y = 1 and x is from about 0.2 to about 1.0, and
X' is a counterion,

®



WD 96/ 40803

PCT/ US96/ 08800 functional group capable of protonation in acidic nedia
to yield a second positively charged functional .group. Excessi ve
functionalization of the pyridine group typically“leads to a materi al

whi ch is toowbyelesghobic to allow for effective anion or aRCEHASEEAEEA0,]|
conplex separations in aqueous nedia. Insufficient functionalization of

the pyridine group typically [ adequat e ani on exchange capacity
by the resin thus increasi ng 9%@&'5&—&81’2 1§ 1 on exchange col unmm needed
for a particular separation. Deperjding uppn the particular starting
material for the quaternization ion Qe degree of functionalization
will vary. Exanples of poly(vin l pyr i di hat can be substituted
include Reillex[err] HP poly(vi rioa resin and Reillex[err] 402
poly(vinyl pyridine) resin. Reilljex[err] "AP poly(vinyl pyridine) resinis
typically about 25 to 30 percent icrosslinked with divinyl benzene and

Reisl l ex[err] 402 poly(vinyl 2%yri dﬁ%)nehdﬂﬂz)pN Raypi cal |y about 2 percent

crosslinked with divinyl benzene. Both resins are available fromReilly
| ndust ri es wherein each R i¥ the same and isanlatkyd baviegs fromdeao ebautt b garbon eiothssn is

substantial _repea ts, of, (a) erein Qis
ni trogen of® b'ﬁg%eﬁhHFﬂ]s rl;e qg?gefﬁégéa'ﬁe‘; ﬁ%iq tek?’ff%ﬂnkwoﬁfdﬁlwflﬁg from1l to
ab;)ut 6 canhma x3$ £ abBut 02 BAbLRIIE Ahd KF B cduhteriéh, When Q i s nitrogen and an
i nt eger _

©

wherein n is an integer from 1to 6, x +y = 1 and x is from about 0.2 to about 1.0, and
X is a counterion,

@
——(CHCH)~CH,CH)—

wherein one of A, B and D is nitrogen, n is an integer from 1 to 6, x +y=1and x is
from about 0.2 to about 1.0, and X is a counterion,

q



fron 1 to 6 when Qis phosphorus, x +y =1 and x is fromabout 0.2 to
about 1.0, and Xferr] is a counterion, (b) WO 96/ 40803

PCT/ US96/ 08800 [err] : wherein each Ris the sane and is an al kyl
having from 1l to about 6 carbon atons, n is an integer froml to 6, mis an
integer fronwb 983 p is an integer from1l to 6, x + y = PCIABIEPSBYW {(om
about 0.2 to about 1.0, and X err] is a counterion, (c) [err]

©

—(CH,CH);CH,CH~CH2CH—CH,CH7—
(5 h b ®
N S

2X' (CHon X (CHan X R

S ~ ]
Cre s
o o

wherein one of A, B and D is nitrogen and one of A’, B' and D' is nitrogen, each R and
R' is an alkyl having from 1 to about 6 carbon atoms, R’ is attached to said A, B orD
which is nitrogen, n is an integer from 1 t0 6,a+b+c+d=1anda+b is from
about 0.2 to about 1.0, and X is a counterion. More preferably, the alkyl groups in
the above structures have from 1 to 4 carbon atoms because greater than about 4
carbon atoms can result in the resin being too hydrophobic for effective anion or
~ anionic metal complex separations from aqueous solutions. Similarly, x and a + b are
| more preferably from about 0.2 to about 0.8 and most preferably from about 0.60 to
0.75 as greater values can result in the resin being too hydrophobic for effective anion
or anionic metal complex separations from aqueous solutions. In the above structures,
the pyridinegroup on the
-(CH,CH,),~ unit and the -(CH,CH,),- unit can be either in the free base or the acid
form. _
The anion exchange resin shown in structure (b) can also be easily modified
during preparation to have the following structure:
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wherein nis an integer froml1l to 6, x +y =1 and x is fromabout 0.2 to

about 1.0, and Xferr] is a counterion, (d) [err] wherein one
of A, Band Dis nitrogen, nis an integer fromlto 6, x +y =1 and x is
fromabout 0.2 to about 1.0, and X[err] is a counterion, WO
96/ 40803 WO 96/40803 - PCT/US96/08800
PCT/ US96/ 08800 (e) [err]
-—(CHZCHE—(CHZCH)y——
N N
' | P I Z
[ + N
. 2X" (CH)lO(CHa)nimN'Rs

wherein each R is the same and is an alkyl having from 1 to about 6 carbon atoms, n is
an integer from 1 to 6, m is an integer from 1 to 4, p is an integer from 1 to 6, x +y =
1 and x is from about 0.2 to about 1.0, and X' is a counterion.

The anion exchange resins can generally be prepared by functionalization of, e.g.,
poly(vinyl pyridine) resins such as Reillex™ HP poly(vinyl pyridine) resin and
Reillex™ 402 poly(viny!l pyridine) resin, with several different types of alkylating
agents. One type of alkylating agent can be w-bromoalkyl-trimethylammonium
bromides. Another related type of alkylating agent can be a w-bromoalkyl-
trimethylammonium bromide with the alkyl containing an oxygen atom in the alkyl
group unit, e.g., a CH,CH,0CH,CH, group instead of a (CH,), group.

- Of the desired w-bromoalkyl-trimethylammonium bromides with the alkyl being
from a (CH,), to a (CH,); only the bromide with the (CH,), is commercially available.
Preparation of the other @-bromoalkyl-trimethylammonium bromides generally
followed the procedure described by Gray et al., J. Am. Chem. Soc., v. 77, p. 3648
(1955) for alkylation of 1, ®-dibromoalkenes with trimethylamine in benzene. By this
developed procedure, the amount of any contaminating disubstitution product was
kept under about § percent with overall yields of from about 61 to about 85 percent.
With this basic procedure, the similar oxygen atom-containing alkylating agent was
prepared in 46 percent yield. Another similar alkylating agent can be o-bromoalkyl-
trimethylphosphonium. |

Reaction of the w-bromoalkyl-trimethylammonium brorhides with poly(4-

- vinylpyridine) in ethanol at reflux for 10 days yielded alkylation of a portion of the
pyridine nitrogens in the resin. (Although these reactions were initially performed at
atmospheric pressure, pressurized reactions have been adopted to increase the reaction
rate). Generally, from about 60 to 100 percent of the pyridine nitrogens were
alkylated to yield o-trimethylammoniumalkyl-substituted repeating units.

it



wherein one of AL, Band Dis nitrogen and one of A', B and D is nitrogen,
each Rand R is an alkyl having from1l to about 6 carbon atons, R is
attached to said A, B or D which is nitrogen, nis.an integer from1l to 6,
a+b+c+d=1and a+ bis fromabout 0.2 to about 1.0, - and Xerr] is a
counterion. Wos4psoeferably, the al kyl groups in the above sivuseéesses have
froml to 4 carbon atons because greater than about 4 carbon atons can

result in the g&ﬂep%{Pg 891% ni oni c
met al conpl exds?epar I oNns fl Qé%ﬁ%@%%ﬁ@““ﬁ@%%@ﬁ?ﬂ%x%ﬁd a-+hb
are nore pr@ﬁeo@olnyletmdmaa'bmh}eBmﬁrlnchcainbelpreﬁaredﬁnnhrambnqnfqiyndmbl y from
about 0. 60 ter vaI ca esul t n the resip being too
hydr ophobi c ?ri?'g% Fve E@ﬁﬁoﬁ?’b"fﬁ?}l C'[)rﬁﬂ‘é;heg’e 9%2%i ons from
aqueous solu,pﬁms(l%ﬁ) tAmab@mussmu‘dn étha Be%ﬁlﬁﬂb%lﬁeﬂilg't he .
can be

O O ey bbb o ey, 573 oo
o1 ot o rfivdtbed rEfioftbf fyridine it  dordiBlable SRockl bt Oafi SRS LLO" 1O N2VE ThE -
dibromoalkane in acetone (for (CH,),) or benzene (for (CH,),). The alkylating
agents with (CH,), to (CH,),
could be obtained as the monoalkylated products alone whereas for (CH,), and for
(CH,); the resultant alkylating agents were contaminated with about 12 percent of the
disubstitution product.
Reaction of the w-bromoalkylpyridinium bromides with poly(4-vinylpyridine) in
ethanol at reflux for 10 days generally yielded alkylation of from about 64 to about 85
percent of the pyridine nitrogens in the resin.
Still other alkylating agents used to prepare the anion exchange resins were the 3-
and 4-picolyl chlorides which were generated in situ from commercially available
- hydrochloride salts. The 3-picolyl-substituted poly(4-vinylpyridine) resin was
prepared by reaction of 3-picolyl chloride hydrochloride, potassium carbonate and
poly(4-vinylpyridine) in ethanol at reflux for 10 days. The substitution level was
about 60 percent. Methylation of the product by reaction with excess iodomethane in
ethanol at refiux for three days gave a methylated product with about 83 percent
substitution. A similar process with the 4-picolyl chloride gave a substitution level of
about 45 percent and subsequent methylation gave 97 percent methylation. In acidic
aqueous media, the resins including substantial repeating units with the structure:
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WD 96/ 40803

PCT/ US96/ 08800 [err] wherein each Ris the sane and is an al kyl
having from1 to about 6 carbon atons, n is an integer from1l to 6, mis an
integer froml to 4, pis an integer fromlto 6, +y =1 and x is from
about 0.2 towanmssuosox. 0, and X is a counterion. - The ani arCEUSYGA8890
resins-can generally be prepared by functionalization of, e.g., poly(vinyl
pyridi ne) resins such as Reilleﬁgerr HP pol y(vinyl pyridine) resin and
Reillex[err] 402 poly(vinyl pyrf Hﬂ@b&ré@?hg FTh several different types
of al kylating agents. One type of alkylating agent can be

[err]-bronoal kyl -trinmethyl anmoni u m des4not her rel ated type of
al kyl ati ng agent can be a [err]-bfono Iky”- t rfi met hyl anmoni um bronmi de with
the.al kyl containing an oxygen at #/ th yl group unit, e.g., a

CHerr]CH err]OCH err]CH err] groupjinstead of a (CHerr])[err] group.

O the desired [err]-bronDaIkyl-triLethylannnniunlbronides with the allyl
being froma (CH err])[err] toXa ((GHghr])[err] only the bromide with the
(CHerr])[err] is comercially avai|able. Preparation of the other '
[err]-bronoal kyl -tri net hyl amoni u ﬁnides generally foll owed the
procedure described by Gay et al{, Am Chem Soc., v. 77, p. 3648
(1955) for alkylation of 1, [err]\dipfonoal kenes with trinmethylanm ne in
benzene. By this devel oped procedure, the anmount of any contam nating

di substitution product was quL$ {Ea%gﬁt percent with overall yields
pe . 2 basi ¢ procedure, the

of from about 61 to about 85
simlar oxygen atom containing al ky|ating agent was prepared in 46 percent
yield. Another simlar alkylating t c [err]-bronoal kyl -

tri met hyl phosphoni um Reactionlof he |err]-bronDaIkyI—tinethylannnnium
brom des with poly(4- vinylpyridi n e @ | at reflux for 10 days

yi el ded al kyl ation of a portion of rﬁé pyridine nitrogens-in the resin.
(Al t hough these reactions were initlally perforned at atnospheric pressure,
pressurized reactions have beel ad to increase the reaction

N
=N

and :
-—-(CHZCH&—(CHZCH)V—- '

f%é
()
ll‘h N

X (CHg)

=

P

' N
protonate on the pyridine nitrogens of the substituent groups thereby forming a
nqxaﬁngunhvﬁﬂlﬁwapuﬁﬁQechmges
Polystyrene may be functionalized in the same manner as poly(vinyl pyridine) to
provide sui’_cable anion exchhnge resins in accordance with the present invention. For |

. €xample,



rate). Generally, fromabout 60 to 100 percent of the pyridine nitrogens
were al kylated to yield [err]-trinmethylammoni umal kyl -substituted repeating
units. WD 96/ 40803 -

PCT/ US96/ 08800 Anot her type of al kylating agent can be

[err] - br onpalVR@P§Me8e3di ni um bromi des which are not commer ci BFTASHOEM 5 e
but which can be prepared fromreactions of pyridine wth

1,[err]-dibro es as described, e.g., by Duling et al., J. Am Chem

Soc., v. 84, 1962). As the non itution product often may be
contam nated wt koduct of disubstitution, the

found to be heavi |
present syntheti cedurse involved reacfion of pyridine with a
CHaN(Ci)§ opr | aif e 1LA8]- dibronoal kage in acetone

consi der abl e exc
CEBN{OH:) (G Y| at i ng

(for (CHerr])[e or benzene (for (C

agents with (CHerr])[err] to (CHerr])]| coul d be obtained as the
nonoal kyl ated products al one whereas for (CH e+rr])[err] anq
(CHerr])[err] the resultant al kylating agentg v eF t am
12 percent of the disubstitution product&emi'ﬁgﬁ %’8
[err]-bronoal kyl pyri di ni um brom des with pol y(4-vinyl pyridin€)-in ethanol
at reflux f 10 days generally yielded al kylation of fromabout 64 to
about 85 percent ofthe pyridine nitrogens in the resin. Still other

al kyl ati ng agents used to prepare the ani on exchange resins were the 3- and
4-picolyl chlorides which were generated in situ fromcomercially

avai |l abl e hs«dec}gnm-l-d e salts. NiBR.B- P coga ~Substituted
pol y(4-vinyl pyridi pe¥ resin was Sre%%re ) Ton @§ff, 3-pi colyl chloride

hydr ochl ori de, pothkssi um carbongte and poly(4-jvi nyl py i di ne) in ethanol at

reflux for 10 daf he subgti on_| eyel about 60 pgFeAnt .
Met hyl ation of t§ OGI]'QQ'E%/ tion wth ; Nin et hanol
h abet

at reflux for thre€ days gave aNtethyl ated phagdct wi 83 percent
substitution. A simlar process with the 4-picolyl chloride gave a
substitution | evel of about 45 percent and subsequent Rt hyl ati on gave 97 .

bt ant | a WHESEIEF Hir PoLFFEIe/IoHOR PO aekoa b fugther edcied whthan aikyl alide
to yield the second positively charged group. Inthe above cases, the initial starting
material can include instead a single methyl group and a hydrogen on the nitrogen
such that the one nitrogen would become positively charged upon protonation in acid.
Ortho and meta isomers of the dimethylaminopyridine can also be used. Additionally,
“materials such as chloromethyl-substituted polystyrene can be reacted with various
hydroxyalkyl-substituted pyridines such as hydroxymethylpyridine,
hydroxyethylpyridine, or hydroxypropylpyridine, which may then be further reacted
similar to the poly(vinyl pyridine)s to yield a suitable resin. A material such as that

wi t h about

shown above including an oxygen in the spacer between the charged groups may also
be used to separate the polystyrene and the second charged group.

The present invention is more particularly described in the following examples
which are intended as illustrative only, since numerous modifications and variations
will be apparent to those skilled in the art.
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EXAMPLE 1

Preparation of ©-Bromoalkyltrimethylammonium bromides was as follows. Ina
fume hood, 10.00 grams (g) of the 1,m-dibromoalkane, 150 milliliters (mL) of dry
benzene and a magnetic stirring bar were placed in a 250-mL, three-necked flask. Into
one side neck of the flask was inserted a glass tube with a drawn tip which extended
below the surface of the benzene solution. The other end of the glass tube was
connected to a cylinder of trimethylamine gas with rubber tubing. A glass stopper
was placed in the middle neck of the flask. To the second side neck of the flask was
attached a calcium chloride drying tube. Magnetic stirring was commenced at room
temperature and trimethylamine gas was introduced into the benzene solution at a rate
of approximately one bubble/five seconds for a two-hour period. The trimethylamine
addition tube was replaced with a glass stopper and the reaction mixture was stirred at
room temperature for 12-16 hours. The white precipitate was filtered and dried in
vacuo. The ratio of the product to l,ml-di(n'imethylammonio)alkane dibromide (the
disubstitution product) was estimated from the '"H NMR spectrum of the product in
CDCl,-CD,S(0)CD;.

3-Bromopropyltrimethylammonium bromide was obtained in a 74 % yield as a
97:3 mixture of the monosubstitution and disubstitution products.

4-Bromobutyltrimethylammonium bromide was obtained in 61-83 % yields
uncontaminated with the disubstitution product.

S-Bromopentyltrimethylammonium bromide was obtained in an 82 % yield as a
95:5 mixture of the monosubstitution and disubstitution products.

6-Bromohexyltrimethylammonium bromide was obtained in 81-85 % yields
uncontaminated with the disubstitution product.

EXAMPLE 2
Preparation of 5-Bromo-3-oxapentyltrimethylammonium bromide was as
follows. The procedure given above for m-brotﬂoalkyltrimethylammonium bromides
was modified by use of a 500-mL, three-necked flask, 20.00 g (86.2 mmol) of bis(2-
bromoethyl) ether, and 220 mL of benzene to give 11.46 g (46%) of white solid with a
melting point of 105-107 °C. '"H NMR(CDCI,-CD,S(0)CD,): & 3.35(s, 9 H), 3.55-
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protonate on the pyridine nitrogens of the substituent groups thereby
formng a repeating unit with two positive charges. Pol ystyrene nmay be-
functionalized in the sane manner as pol y(vinyl pyridine) to provide
sui t abl e ani on exchange resins in accordance with the present invention.
For exanpl e,wo 96/40803 WD 96/ 40803 PCT/US96/08800
PCT/ US96/ 08800 [err]

3.62 (m,2H), 3.77-4.03 (m,6). Elemental analysis: Calculated for C,H,,Br,NO: C,
28.89; H, 5.89: N, 4.81; Br, 54,91. Found: C, 29.28: H, 5.83: N, 4.91: Br, 54.70.
EXAMPLE 3

Preparation of w-trimethylammoniumalkyl-substituted poly(4-vinylpyridine)s was
as follows. A mixture of 5.00 g of the respective m-bromoalkyltrimethylammonium
bromide from Example 1 and an equimolar amount of Reillex™ 402 poly(4-
vinylpyridine) in 380 mL of absolute ethanol (alternatively 7.00 g of the -
bromoalkyltrimethylammonium bromide and an equimolar amount of poly(4-
vinylpyridine) in 530 mL of ethanol) was refluxed for 10 days. At room temperature
the mixture was filtered with a sintered glass funnel. The solid was washed on the
funnel with ethanol (3 X 20 mL) and water (2 X 20 mL). The resulting solid was
added to 200 mL of benzene and water was removed from the mixture at reflux with a
Dean-Stark trap. The benzene was removed from the mixture in vacuo and the
residue was dried i vacuo overnight to give the white product resin. The level of
substitution was calculated from the percentage of bro.mine in the resin.

Resin (1) from 2-Bromoethxltrimethylammonium-bromide, 10.10 g. Elemental
analysis: Calculated: Br, 37.85 for 60 % substitution. Found: Br, 37.82. In this resin

. structure, X = 0.60 and y = 0.40. (A substitution level of 62 % was obtained in
another synthesis of the same resin). :

Resin (2) from 3-Bromopropyltrimethylammonium bromide, 13.32 g. Elemental
analysis: Calculated: Br, 42.44 for 91 % substitution. Found: Br, 42,48. In this resin
structure, x = 0.91 and y = 0.09. |

Resin (3) from 4-Bromobutyltrimethylammonium bromide, 20.58 g (from a 7.00-
gram scale reaction). Elemental analysis: Calculated: Br, 40.23 for 86 % substitution.
Found: Br, 40.19. In this resin structure, x + 097 and y = 0.03.

Resin (4) from 5-Bromopentyltrimethylammonium bromide, 18.66 g (from a 7.00
gram scale reaction). Elemental analysis: Calculated: Br, 40.21 for 97 % substitution.
Found: Br, 40.05. In this resin structure, x = 0.97 and y = 0.03.

Resin (5) from 6-Bromohexyltrimethylammonium bromide, 15.68 g (from a 7.00-
gram scale reaction). Elemental analysis: Calculated: Br, 39.15 for 100 %
substitution. Found: Br, 39.41. In this resin structure, x = 1.00 and y = 0.00.
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whereafter the polystyrene reaction product can be further reacted with an
al kyl halide to yield the second positively charged group. In the above
cases, the initial starting material can include instead a S|ngle met hyl
group and a hydrogen on the nitrogen such that the one nitrogen would
become posi iy edabgeshar ged upon protonation in acid. Otho @iGd3Ebaded SONESrS
of the dlnethylan1nopyr|d|ne can al so be used. Addltlonally materials such
as chl oronet hyl - éh vari ous

hydr oxyal kyl < Pi & &i ne,

hydr oxyet hitony s W)O-Fg@am walmmneaoy lElé?ﬁHitdl!fxdl ﬁ@alc‘ﬁl%teﬂmf@ry@ Rpieeloe further
reacted sim/lar to the pov\#w nyl pyridine)s to leld a suitable resin. A

material sTRPRHtyUon. Fgund: %ﬁ)d@é“lfﬁé AyiP-3he spacer between
t he.charged groups nay al so be used to separate the polystyrene and the
second charged group. The present ‘invention is nore particularly

described in the follow ng exanpl BXAMPIgh4are i nt ended as illustrative
only, since MUBLANT of Pbhibahyi 1 SyRdfive bictitdnss svrolows SRR 10 those
of 16.00 grams (0.20 mol) of pyridine, 187.86 grams (1 mole) of 1,2-dibromoethane
and 500 ml of dry acetone was refluxed for 15 hours. At room temperature the
mixture was filtered with a sintered glass funnel. The filtered solid was dried in-vacuo
to give 13.51 g (25%) of white solid. The H'_ NMR spectrum of the product showed it
to be uncontaminated by the disubstitution product.

Preparation of other (-bromoalkyl)-1-pyridinium bromides was as follows.
Pyﬁdine (3.96 g, 0.050 mole) and thé 1,-dibromoalkane (0.50 mole) in 50 mL of dry
benzene were refluxed for 6 hours and allowed to stir overnight at room temperature.
At room temperature, the mixture was filtered with a sintered glass funnel. The.
filtered solid was dried in vacuo. The "H NMR spectrum of the resulting solid was
used to assess the relative proportions of monosubstituted and disubstituted products.

3-Bromopropyl-pyridinium bromide was obtained in quantitative yield and was
uncontaminated with the disubstitution product.

4-Bromobutyl-1-pyridinium bromide was obtained in quantitative yield and was
uncontaminated with the disubstitution product.

5-Bromopentyl-1-pyridinium bromide was obtained in 91% yield as a mixture of
88% monosubstitution product and 12% disubstitution product.

6-Bromohexyl-1-pyridinium bromide was obtained in 91% yield as a mixture of
88% monosubstitution product and 12% disubstitution product.

EXAMPLE 5
Preparation of m-pyridiniumalkyl-substituted poly(4-vinylpyridine)s was as
follows. With the modification of utilizing 5.00 g of an w®-bromoalkylpyridinium
bromide as the alkylating agent, the procedure reported above for the preparation of
the resins in example 3 was utilized to give white product resins. The level of
substitution was calculated from the percentage of bromine in the resins.
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WD 96/ 40803

PCT/ US96/ 08800 ' EXAMPLE 1

Preparation of [err]-Bromoal kyl trimethyl anmmoni um brom des was as fol | ows.
In a fume hood, 10.00 granms (g) of the 1,[err]-dibronoal kane, 150
mlliliters (nmL) of dry benzene and a magnetic stirring bar were placed in

a 250-m, ed flask. Into one side neck of the fl gasert ed
bV SRR FECmsSoiid

a glass tub dravvn ti p Whl ch extended beI ow t he sur t he
benzene sol ut Resit pmes omideh®7\\es Blamentadlt ed to a

cylinder of tiui. 2%85% g%@,er was
placed in taﬁé‘ Fﬁsmé%%iéemﬁéeﬁc%?o r%\ﬂ AE‘E&H@BO{‘ ﬁﬁe)&@gc%%‘gé?zgtﬁﬁfgc of the
flask was atiietafeged a cal cium chloride drying tube. Magnetic stirring was

comenced at_room tenperature and trinethylanm ne gas was introduced into
the benzen& E86dap )ﬁ’aﬁ'%a rate of approximately one bubble/five seconds for

a two- hour pepidle7) Hop @i &Hﬁh&tﬁﬁn&eubsl F’Qﬁoxﬁ%l@'(ﬂﬁ SamM th a

gl ass stopper an e reactron mxture was stirred at roomtenperature for
12- 16 hour scal@reactivn): Elepental analysiseCalauwlated:| Bro3$2f7 fond7% substitutionyacuo. The
ratio of t r]-di tr| mopLo) al kane di brom de (the
di subst | tup‘eﬁﬁéy’oﬁlé OI“\]@ ‘é’% 8 x oﬁ?’ﬁg'[g?f] H NVR spectrum of the
product in CW_#@%@MM@%Q@m bromid¥, PP g.OB¢hiehtal et hy| anmoni um
brom de was obtained in a 74 % s.a 97:3 mxture of the |

nonosubst i tapelysis Galenlated; Mr@d%’/ﬂ@rﬁﬁ‘mﬁ%?& Found: Br, 37.98. In this resin

4- Br onpbut %ﬁwt hyl amoni um brom de was obtained in 61-83 %yiel ds

uncont am na W th the disubstitution product.

5- Brormpenbcy#ﬂ.ﬁBmdhrlOalﬁmm um brom de was obtained in an 82 %yield as a
95:5 m xture Qf t

6- Br onohexyl t Resin. (Al Iom. (2 nromone i . e [}U‘#I O@Q%S’%f;lsel ds

uncont am n%ﬂgsﬁ“édhﬂﬂé‘d qﬂrsiéb&ttbxt‘m% Qﬁbsﬁﬁ;ﬁdﬁ'cfound Br, 35.71. In this resin
EXAMPLE 2 reparati on of 5- Br onp- 3- oxapentyl tri nmet hyl amoni um brom de

was as fol Ismwe?ﬁeop?@édm@‘bl ven above for

L hr cb. necked LEd S YRR P14 £ BRHSF 1) 7 and

t hr ee- necked OC 30
220 nL of lanalxas:ecalmlzgedz Br,135. ﬂ&‘ogsi% SastitmtionvhFdundsiBr, B518G Intthixz resin

structure, x = 0.85 and y =0.15.

EXAMPLE 6

Preparation of 3-picolyl-substituted poly(4-vinylpyridine) was as follows. A
mixture of 10.00 g (95.11 mmol) of Reillex™ 402 poly(4-vinylpyridine), 16.60 g
(95.11 mmol) of 3-picolyl chioride hydrochloride, and 6.92 g (50.06 mmol) of
anhydrous potassium carbonate in 650 mL of absolute ethanol was refluxed for 10
days. Atroom temperature the mixture was filtered with a sintered glass funnel. The
solid was washed on the funnel with ethanol (3 X 20 mL) and water (2 X 20 mL).
The resin was added to 200 mL of benzene and water was removed from the mixture
at reflux with a Dean-Stark trap. The benzene was removed from the mixture in
vacuo and the residue was dried in vacuo overnight to give 15.064 g of the tan product
(resin 11). The level of substitution was calculated from the percentage of chlorine in
the resin. Elemental analysis: Calculated: Cl, 11.71 for 60% substitution. Found: Cl,
11.73. In this resin structure,
x =0.60 and y = 0.40.
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mel ting point of 105-107 [err]C. [err]H NMR(CDCl [err]-CDerr] S(OCD err]):
[err] 3.35(s, 9 H), 3.55- WD 96/ 40803

PCT/ US96/ 08800 3.62 (m2H), 3.77-4.03 (m6). Elenmental analysis:
Calculated for Jerr]J]Herr]Br[err]NO C, 28.89; H '5.89: N, 4 81§ Eo
54,91. FoundW@96/4980323- H 5 83: N,' 4.91: Br, 54.70. 0
EXAMPLE 3 Preparation of [err]-trinmethylammoni umal kyl -substituted

pol y(4-vinyl pyridine)s was as follows. A mxture of 5.00 g of the

respective [err]-bronoal kyl tri nmethy] nium brom de from Exanple 1 and an
equi nol ar anount of Reillex[err] 4052%@— vi nyl pyr| dine) in 380 nL of

bSOl Ut e et hanBlepkelidsPS T3 Fich 1 uitiPoc Ft ylpyridine) vasas

bronoal kyl tri met hyl amroni um bron de "and an_edui ol ar amoun pol y(4-

vi nyl pyri di felfows: 4 gdxtmte @VOQWMWIWMEXMQGMM@&S%WQNGM¢ oom

sol 1 d was witAS S Pl lanoL Vi ren e 55655, 4 R seliiBlior. "% 50
m) : The r e3hd inbigre Wak iiltered withddidered gRO fufthe]l @hd the Balhwaswabhedibethewas
renoved fromthe mxture at reflux with a Dean-Stark trap. The benzene was

renoved frofvenelwith ethapel G X 2pmal), Thegesidue wasdried & vacuo aysraightta sivec uo

overni ght t A ftéxﬁfe q,&ct*bg S lre"&gl lﬂ%ﬁsgdé n was
cal cul at ed 19r2(?r¥1gte% éy)é’ﬂ ?’g;gae 0 %‘réﬁ ﬁgen}eﬁgf e r§5| n. esin (1) from
2- Br onpet hylchlormeidﬂnbmnnnmpmehﬂpmedhlonﬂe 1o]:ﬂg mdi’eﬂmeawdd witlethy excess -
Cal cul at ed: By, .85 f.or % subs ut i un 37.82. In this
resin struct etcbg%gmgm %d;a"h% ?Iﬂ%‘ﬁlel‘%%lmﬁ'f 62 % was

obt ai ned i nhﬁB&Ei&ﬁ?r &Rtiﬁ‘ﬁ%'réupf'rﬁeh@vefﬁfﬁeﬂhgﬁhaﬂoftheresiﬁ%s’éafc&lhteﬁrOm
3- Bronmopr opyl tri met hyl anmoni um brom de El ement al anal ysi s

Cal cul at ed: from the pemmtamoféqdmmhﬁspmdmwm Etgmual apalysig} Calglatedy It hi s

resin structg ( esin. ( from
4- Br onobut ylts‘tirl maﬁ?;f’ M%’ﬂ%ﬂﬁ‘n g?% a’e, yolgépluare(sﬂ 0(9 oér%m scal e
reaction). BLOYGEO+8I336and i 03064 Note that iadhis Risin shiciare, £¢rb=8666’<aﬁdlb$tdl tution.

Found: Br, 40,19. In this resin structure, x + 097 and y 0. 03. Resi n
(4) from5 I?rQ)ﬂQ)pentyltrlrrethyl anmoni um brom de, 18.66 ¢ (froma 7.00-

EXAMPLE§ |

Preparation of 4-picolyl-substituted poly(4-vinylpyridine) was as follows. With
the modification of using 4-picoly! chloride hydrochloride instead of 3-picolyl
chloride hydrochloride, the procedure reported above for the preparation of the resin
in example 6 was followed to give 14.73 g of a red-brown product (resin 12). The
level of substitution was calculated: Cl, 9.81 for 45% substitution. Found: Cl, 9.86.
In this resin structure,
x=0.45 and y = 0.55.
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gram scal e reaction). Elenental analysis: Calculated:- Br, 40.21 for 97 %
substitution. Found: Br, 40.05. In this resin structure, x = 0.97 and y =
0. 03. Resin (5) from 6-Bronohexyl trimethyl anmoni um brom de, 15.68 g
(froma 7.00- gram scale reaction). Elenmental analysis: Calcul ated: Br,
39.15 for 10WOA6M0883titution. Found: Br, 39.41. In this redGIUOFsM, o  x

= 1.00 and y = 0. 00. 16
WO 96/ 40803 E LE 9

PCT/ US96/ 08800 Resin (15) from 5- er ono- 3- oxapent}/I trinet hyl ammoni um
br oni de, 19. 31P§ypaveﬁ¢rwﬁmpthylmd yé-substitutedpoly(4rvinylnyridinghwas 2sanal ysi s:

Cal cul at ed: i§ﬁ 6lI gémﬁgcgébn 3&3@@ th s Frorft Qkﬂ?ﬂ:le §ﬁlste§c§of5ﬁe rdsth this

resin struct ur

Fxf‘:vpLE 4 f:?ﬂ?emlafwthfnpméed(xé&rbpmcgabgwmfﬂ;ep?epmduondofnhdareugunlg(swas as
ollows. A solutjagn o no 0 I dji n rans (1
mol e) of 1 Zexﬂ'll"Jl n%@tﬂﬁ‘ﬂ@déﬂ gg %1 Q% %ﬁé‘%\é@%é& d ?or 15(
h d gl
our's. The g&gltgﬁg@ 1@&{gftﬁbz%sxg‘rxfa%gaﬁm%aﬁfoﬂﬂﬁb&éeﬁﬂgblafﬁd&ie%%e gl ass

funnel . I n vacuo to give 13.51 (25% of
whi te sol i d.pradvet teiar Ejenldmlﬁmlsis: tﬂalmdated:d,&m@rﬁwymon o be

(Torr] - br ondiavedh 5871 Tt e b o BT 448 s 00t SR8 SRR B (3706
0.050 ol €) (st iNotelahbein s AkiisgEGtakRS Q45 M} 83 035,50 L of dry

benzene were refluxed for 6 hours and allowed to stir overni ght at room
tenperature. At roomtenperature, the mxture was filtered with a sintered

glass funnel. The filtered solid V\Mﬁ@iﬂn vacuo. The [err]H NWR

spectrum of the resulting solid wa
Preparation of o-bromoalkyltrimethylphosphonium bromides was as follows. Ina

hood, a solution of 60 mL of 1.0 M trimethylphosphine (0.060 mol) in toluene was
placed in a round bottom flask and a reflux condenser was attached. Into the
condenser was added 0.10 mole of the 1,0-dibromoalkane. The container into which
the 1,0-dibromoalkane was weighed was rinsed with 5 mL of toluene and the rinse
solution was also added down the condenser. The reaction mixture was stirred at
room temperature for 3 days and filtered with a sintered glass funnel. The solid was
washed on the funnel with cold benzene and dried in vacuo to give a white solid. The
"H NMR spectrum of the product in CD,(O)CD, showed that only monosubstituted
product was obtained. -

2-Bromoethyitrimethylphosphonium bromide was obtained using three times the
scale given in the general procedure and a reaction time of 4 days. The reaction
produced 22.07 g (46%) of a white solid, mp 250-255 °C. 'H NMR (CD,S(0)CD,): &
1.89 and 1.96 (d, 9 H), 2.87-3.04 (m, 2 H), 3.72-3.87) (m, 2 H). Elemental analysis:
Calculated for C,;H,,PBr,: C, 22.75: H, 4.96. Found: C, 22.99: H, 4.89.

3-Bromopropyltrimethylphosphonium bromide was similarly obtained in 89%
yield, 4-bromobutyltrimethylphosphonium bromide was similarly obtained in 89%
yield, and S-bromopentyltrimethylphosphonium bromide was similarly obtained in
77% yield. |

EXAMPLE 11

R0



used to assess the relative proportions of nonosubstituted and

di substituted products. 3- Bronopr opyl - pyri di ni um br om de was obt ai ned
in quantitative yield and was uncontaninated with the disubstitution _
product . 4- Br onmobut yl - 1- pyri di ni um brom de was obtained in quantitative

yield and wewou®erenses ani nated with the di substitution produdCI/usse/o8soo
5- Bronopentyl - 1- pyri di ni um brom de was obtained in 91%yield as a mxture

f 88% D Pebkblid ,,m,gg h;&,{%f) ,ﬂ'g S Qﬁ'ﬁgﬁ%'

(E)S- Br on%ggggls?l?%g%?%um r%ﬁlgg&g/as obt ai ne @ml e asfh%e)m xture of
E;B&A) I\/gE E ) Z ubswastea followsp Aomixture 9fi500 B%ﬁﬁislﬁ?ml)i dlf Jiiheflbn"“gﬂs(:ﬂicﬁ%@r

S . 1 errls -  y -

pol y(4-vi nylvﬁlﬁg{aﬁ%} %ﬁ%@‘ﬂ“@%’f%%?%%ﬁiﬁ#ﬁ@m% fm(tftlf'l i zi ng
5.00 g of ars7[saﬂ:r¢fﬁﬂmwb$wﬁrdﬂ%ﬂeumrhom¥gmﬁa?ﬁ?ﬁnﬁrmm_ng agenti 3
th dure, report apove for the preparation g e resins_in exanple
vvag 5'[ ?f?ngW@ﬁ?‘{)ﬂl‘bFémdﬁlﬁgﬁﬁgﬂ%@?MI%F"@M@Mion was
cal-cul ated Tfi@is Witk eHEhA 3 KCHFmES addf vOler'tE X 30 Al'§ TreYeRiting solid was

17 WO 96/ 40803 )
PCT/ US96/ 08 &dded to 20@ silnof{tehzehne and watehwasrembied fror theymixtire atreflir withde, 9. 71

S, FLTen ngbtudhas. L el 8k ol eand it i bl Foun
from (3- br orfesiduRids Xridd Pyadi:d beEiiBRAB R thedwliite fodict Alind The RRerdram
substitution was calculated from the percentage of phosphorus in the resin.
Resin (16) from 2-bromoethylirimethylphosphonium bromide, 9.71 g. Elemental
analysis: Calculated: P, 2.16 for 9% substitution. Found: P, 2.202. In this resin
structure, x= 0.09 and y = 0.91.
Resin (17) from 3-bromopropyltrimethylphosphonium bromide, 14.04 g.
Elemental analysis: Calculated: P, 6.34 for 50% substitution. Found: P, 6.35. In this
resin structure, x = 0.50 and y = 0.50.
Resin (18) from 4-bromobutyltrimethylphosphonium bromide, 13.98 g.
. Elemental analysis: Calculated: P, 5.89 for 45% substitution. Found: P, 5.91. In this
fesin structure, x = 0.45 and y = 0.55.
Resin (19) from S-bromopentyltrimethylphosphonium bromide, 13.93 g.
Elemental analysis: Calculated: P, 5.38 for 39% substitution. Found: P, 5.35. In this
resin structure, x = 0.39 and y = 0.61.

Example 12

- Generally, a 250-milligram (mg) portion of each air-dried resin was contacted
witha measured 6 milliliter (mL) volume of each solution in a specially modified 20
mL disposable hypodermic syringe. The syringes were modified by inserting
cylindrical plugs cut from quarter-inch-thick porous Kynar, obtained from Porex
Technologies, Fairburn, GA, into the tapered tips as filters, which permitted only
liquid to pass therethrough. .

For each set of experiments, six syringes were selected, each containing a different

resin. A measured volume of the selected solution was transferred by pipet into a

YA



scal e reaction). Elenental analysis: Calculated: Br, 38.27 for 77%
substitution. Found: Br, 38.23. In this resin structure, x = 0.77 and y =

0. 23. Resin (8) from (4-bronobutyl)-1-pyridini.um broni de, 11.45 g.
El emrental anal ysis: Calculated: Br, 38.03 for 83% substitution. Found: Br,
37.98. In thiwors@ese3 structure, x = 0.83 and y= 0.17. Re FCAUS2H/088400 m

(5-bromopentyl)-1-pyridiniumbromde. 12.04 g. Elenental analysis:

Cal cul at ed: %iasnéﬁea?c&&ﬁ&he%%ﬁi%tﬁy%g@ﬂn L%ﬂ%ﬁkylﬁfﬂlt§5ﬁéhpbﬂedchl s resin

structure, x = 0.76 and = Resin

(6- br onohexylsyﬂllgep}%slthﬁ"rﬁeﬂﬁ mﬁf‘d@hﬂ EyEREP vEare placad,nn; aAs-
Cal cul at ed: @#&%?&r@ﬁéﬂ:ﬁ%%@%ﬁ%ﬂﬁhﬂd6h35Atetﬂeeﬂd‘oF his resin

structure,
EXAMPLE 6 e&dﬁqmﬂatpdmppﬁxmmygﬁ%mfmmmEMMmdonmwypﬂkdr di ne) was

as foll ows. t of 10 11 mo Rei x[.err
- peh the filtered 18 161 457 Bpuating izl e cismrrsefl o
Eslj)r/gghn)pﬂjgzzﬁ@ﬂwﬁs%gn il &@m grn;wwaemﬂee?;ﬁawmmwat e in

650 nL of absol ute et hanol "was re 10 days. At roomtenperature
the m xture \helowfin/Tableed4wi th a si nt ered gl ass funnel The solid was washed

on the funnel w.th ethan and_wat e resin was
added to 200 rr#‘%ﬁpﬂg}?? 28 é%&éﬁﬁﬁpg’gtow MM@E&% at reflux
with a Dean- Spetific ganfifa entRfestf fieakided Rlionailides dudh S ihel 120keV of ¥APe The vacuo
and the residue was dried In vacuo overnight to give 15.064 g of the tan

product (resRction of caehelemaent sorbed wansdetermined dadineg @@Fpéliﬂ‘hff@'&n‘ferlbm% he

percent age o “’9%‘9‘! ?ﬁp fd: O,

11.71 for GOb()lsu S # 1 on. 85@5&38&*1%@%&&#%?% S resin structure X

0. 60 and y =@achlspecified absorber. 8 .
The Kd value of each element was calculated as follows:

‘Kd=(Pr-Po/Po)(S/A)
. 'where Pr = measured precontact activity per mL,
Po = measured postcontact activity per mL,

S = milliliters of solution contacted, and
A = grams of dry absorber contacted.

RZ



WD 96/ 40803

PCT/ US96/ 08800 EXAMPLE 7
Preparation of nethylated 3-picolyl-substituted poly(4-vinylpyridine) was
as follows. A mxture of 7.00 g of the resin from Exanple 6 and excess of

i odonet hanay69¢4d80f)) | N 530 nL of absol ute ethanol was repdrrisedosses 3 days.
At roomtenperature, the mxture was filtered with a sintered glass funnel
and the solid was washed on the fu& th et hanol (3 X 20 m). The

resi due was dried in vac g of pale yell ow product
(resin 13) El enment al i??g‘i"gdgg%% “éﬁlﬁf?é" éceaﬁ e of chlorine in the

resin. E@ﬁf@t] he chI e ion ih the resin reacted with the, excess

i odonet ha ontaghy; d% and™H or6‘Fﬁlﬂ han&Srher FfRe i oSl is t he
only halide ion p @'Q%nt e resih. The?level 8f nethy ation ¥f the resin
was cal cul A. :

El enental emal ysis: Calculated: |, 51. 21 for 83% nethyl ati on. Found: 1,
51.27. In t resi,n _structu 009 c = 0,336 and d =

0. 064. NoteqLaat H?B Ps resgﬁ strugt g q@ 60 an]d;c + 96- 0. 40.
EXAMPLE 8 repar% on of pi col Jr“ subs 15t ut ed ;§o| y(4-m nyl py1r'7d| ne) was

as follows. Wt h t h&Modi i c&Bi on ofl-disi ngl4- pi col chl &3 de hyldd ochl ori de
i nst ead of pi col chl oride hydrochl oride, the procedure reported above
for the preéd\ﬁatlé&m the ré6%in i n 3xanpl 876 was 40ol | owedl t o giTBe 14.73 ¢
of a red-brdM prodabts (resi8712). Te | ev8P of sudbstitutédbn was79

cal cul ated: 3@, 9. 8Ghfsor 45%08ubsti t29t i on. 3Found: 4C1, 9.8 In t81is resin
structure, x = 0.45 and y = 0.55.

5M  30min 233 390 537 599 686 765

5M 2hrs 412 408 574 645 910 990

SM 6 hrs 372 397 567 662 999 1010
7™M 30 min 490 2131 2950 3459 3484 2092
7™M 2 hrs 850 2718 4032 3502 4263 2638
™ 6 hrs 683 2319 3164 3679 3803 2391
9M 30 min 378 2894 3160 3900 3554 2122
@M 2hrs 1164 3977 3339 2033 3309 3834
9M 6 hrs 1517 3188 3799 2670 3248 4172



WD 96/ 40803

PCT/ US96/ 08800 EXAMPLE 9

Preparation of nethyl ated 4-picolyl-substituted poly(4-vinylpyridine) was
as follows. Wth the nodification of using the resin from exanple 8 instead
of the resinydoedes@xanpl e 6, the procedure reported above pOFnusbémssoo
preparation of the resin in exanple 7 Was followed to give 13.45 g of

yel | owbrown product (resin 14). Theg, of methylation of the resin was
calculated fromthe perce Qi ds OFP oh Qi i;chuct resin. Elenental
anal ysis: Cal culated: 1, %ﬁ% fKor lg} ‘??1 Pat‘rpon Found I, 52.77. In
this resin tur =. 0. 0 5335 {), 0165.
Not e t hat Wﬁﬁ dasr n st Eure resm Jr§ 45 and c + : ges

EXAMPLE 10 Pre P&t i on [err] Br om)al kyI trimet hyI phosphonr um brom des
was as fol | ews—tmr—a—thood—a—sotuttTomof—60Tt—of—T—0—™MtTTmethytphosphi ne

(0.060 nol )= toluene was placed in a round bottomflask and a reflux

condenser was tacl%dl I nto con ser add 0.10 I e of
1,[err]-dibr ol I kan% The cotGPfJ G i g‘édr bro kane

ai ner tovvq hthenl[er
was wei ghed rins jg/\nthS%of tfuene afr:rdth i nse | utiof salso
added down th onde . The%%acti m xt drle was |rre roo
tenmperature for 3 days and filtered with a sintered glass funnel. The solid
was washed on3Mne BBl with ol d betene aXd dried in vaddo to ¥le a
white solid. 3Me [er 2w NVR sfctrum df the roduct92 n CD[1é14r](O) err]
showed t hat ohMy nonédubstit uded prodékt wasdbobt ai 163. 163

2- Bronoet hyl tri met hyl phosphoni um brom de was obt ai ned usi ng three tinmes the
scal e given i5M he 3Qaniar al pr@8kdure 1868d a F@hction-tinme #4314 daylR9l The
reaction prodiused 2220 g (46%920f asehite 388id, n7250-3663 [erryfg8d [err] H
NVR (CD[err] ¥ CD eghksd : [ersy21.89And 1.8% (d, P37), 21652 3. 041im 2H),
3.72-3.87) (m 2 H). Elenental analysis: Calculated for _
Cerr]Herr] PRy er Bhimif, 22. 7390 H 4.6. Fosyad: C, 22.99: sy 4. 8%463

3- Bronopr opyl 44 nmet h»lﬂp osphogsym br gjgzde WameSi M kgl Y 0BgAY ned ¢ghg89%

yield, 4-bro tylt giypet hyl p phonj br e m | @r, obtaapeed in
89% yield, and brom)pent yltri rret hyI p ospﬁr)'}’(;gr?réumwgrégrarli de %QKSI mi:fig!?fy

obtained in 7gpyi ghyd. 378 850 5903 . 7036~ Mgsbg 1 1
oM 2 hrs 1164 1003 9384 6249 13345 8971
oM 6 hrs 1517 998 9581 7721 13355 11,236
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20 WD 96/ 40803

PCT/ US96/ 08800 Prepar ati on of

[err]-trinmethyl phosphoni umal kyl - substltuted pon(4 Vi nyl pyridine) was as
follows. A mxture of 5.00 g (47.56 mmol) of Reillex[err] 402 pol y(4-

vi nyl pyri di me)oaee3d7. 56 mmol of the 2-bronoal kyl tri met hy| RETAISIS08DL M
brom de in 375 nL of absolute ethanol was refluxed for 10 days. At room
tenperature, the mxture was filterefhyd4h a sintered glass funnel and the

solid was washed on the fypanel fq;"gﬁgq}o 2@ M) and water (2 X 20
m.). The resulting solid was :ﬁ%k%% n{{ F%'benzene and water was
renoved fr ture a f 1 ux h a Qﬁan St ark trap, The pzene was
renmoved frgm(ﬂi Arte tReggcuo a}%ht he 52".5' duée%glnvas drllgd in %S uo
overni ght to g|ve mhlt oduct esin. “The Ie& of sSubstitutlon was
cal cul at ed fFromtte—percentage—of—phosphorus—mtte—TesTm: Resin (16)
from 2-bromoet hyl'tri netl phosphoni um brom de, 9.71 g. Elenental analysis:
Cal cul ated: Rpg2. 165505 9% substitutiqn. Foggd: P, 1% 202. Ln this &esi n

structure, x-009 0,91. sin (T7) fraQi _

3- br onopr opyl t:ﬁl met hggghosphoglI um bI‘C} de 14704 g. ,El enental anal ){ﬁ

Cal cul at ed: I!" 6. 34 50% s stltutr n. F&and P 6.35. fn this eS| n
structure, x = 0 50 and y = 0. Re5|n 218) from

4- br onobut yI 8Mnet %‘}F’ggosphonﬁ%m brofilde 13398 g. Etenental anal yélls

Cal cul at ed: ﬁMS 89 2815 45% sBbstitution. F&lnd: P625.91. rn this3Resin
structure, x3MOo.45 6his y = 01095, Mesin 609) fr - 45 53

5- bronopentyl tri et hyl phosphoni um brom de 13.93 g. Elenental analysis:
Cal cul ated: BMS5. 380 Mmin 39% <A3Bsti t ueddn. FIsNd: P725. 35. 640 t hi s84%sin

structure, x5MO0.39 258 vy = (4101. 952 752 824 776 1003

Exanple 12 sM 6 hrs 372 1041 893 849 789 998
7™ 30 min 490 3095 3817 3782 4009 4768
™ 2 hrs 850 4282 4431 5910 5406 6754
™M 6 hrs 683 5282 4815 6870 6407 6804
oM 30 min 378 4331 4882 7840 8006 5777
9M 2hbrs 1164 7716 5592 7655 8524 9657
IM 6hrs 1517 8701 7520 9114 12,005 17,365



Generally, a 250-mlligram (ng) portion of each air-dried resin was
contacted with a neasured 6 mlliliter (nmL) volunme of each solution in a
specially nodified 20 nL di sposabl e hypoderm c syringe. The syringes were
nmodi fied by inserting cylindrical plugs cut fromquarter-inch-thick porous
Kynar, obt aiyweskdeggam Por ex Technol ogi es, Fairburn, GA; i ntpetiessdssgper ed

tips as filters, which permtted onIy quui d to pass therethrough. For
each set of experinents, six syring e sel ected, each containing a
different resin. A rreasuw ﬁg%lnei'&t%gdsol ution was transferred
by pipet into a

PCT/ US96/ 0% St i f and then dra.wn into. a S e through the
Kynar filt hewgf:g‘g yr| en s%:ed V\ng“ga solid Luer cap
and the syringes pl ac n a 4 rpm ube rotator f dynam c cont act

peri ods of —ae—m—ﬁﬁ—h—&ﬁd—e—h—At—H&e—eﬁd—e#—eaeh—eeﬁ{—&e-t—peri od,

appr oxi matel;i 25% of the total _solutiaon vol une was _expel |l ed through t he
filtered tip t he3Q nge |§1?o a t&Ped cdhhti ng %Pal . THd di spensed

sol uti on was ltMen wetBied and’ihat fldure U&2d in QHe cal 89 ation of Kd
val ues shown 1Bl ow ihhrsabl es 684,  18ach fb7tion &6 postddntact sol ution
was assayed by gamma spectronetry for specific gamma energies of the added
radi onucl i de§Msuc¥min t he 126keV of 4terr] P37 The f#4&8cti on78f each el enent
sorbed was dd@trm ne2lhisndi rec®Ty fro6Vthe dé3ferens® in t188 neasured gamm
activity of 8M sel e€hed. radil@ducl udg2bef or43 and affrer comsact with each

speci fi ed absorber. The Kd val ue of each el enent was cal cul ated as
fol | ows: 5M 30min 233 227 450=(Pr-v@ Po) (fgef)  where Pr =
measured pregaptact ggki vity gor nl, g47 571 843 1191

5M 6 hrs 372 831 681 999 1405

7M  30min 490 801 2232 3106 5775

™ 2 hrs - 850 2914 3303 3719 5432

™™ 6 hrs 683 3698 3916 6648 8288

9M  30min 378 1312 3081 5549 6809

oM 2 hrs 1164 3650 5320 6105 9512

9M 6 hrs 1517 5469 7669 9608 11,878

Example 13

Resin 3 was tested with acid-dissolved sludge solution ahd acidified supernate
(simulant solutions for a Hanford Washington waste tank) to measure the Kd values
for a series of 14 elements. ﬁe measured values shown below in Table 5 provide

information about the different elements absorption by the resins and in the case
where plutonium is the target metal these data show which elements are likely to
interfere or compete with the absorber sites (the selectivity of these resins for the

various elements).



Po = neasured postcontact activity per mL, S=mlliliters of solution

contacted, and A = grans of dry  absorber contacted.
22 ~ WD 96/ 40803 )
PCT/ US96/ 08800 Tabl el
Measured Kds wbogu4gd0y) fromnitric acid PCT/US96/08800
Distribution of Elements
Solution Element 30 minutes 2 hours 6 hours
Acid-Dissolved Ce 23 23 : 22
Sludge, pH 0.6, Cs 04 04 04
3gPuL Sr 1.0 13 13
Te 24 24 22
Y 1.2 1.1 1.3
Cr 04 0.6 0.7
Co <0.1 03. ' 0.1
Fe 04 0.1 0.3
Mn <0.1 0.2 0.4
Zn 1.7 ' 13 0.7
Zr 3.7 33 3.0
U 18 18 17
Pu 1053 1035 1173
Am 6.2 _ 53 5.0
Acid-Dissolved U 18 17 17
Sludge, Pu 870 1650 - 2185
60 mg Pu/L Am 7.9 6.3 6.0
Acidified Ce 14 . 14 14
Supernate, Cs <0.1 <0.1 0.1
pH3.5 Sr 0.8 _ 0.8 08
Tc 48 49 : 50
Y 0.6 0.7 0.5
Cr 0.6 0.5 0.6
Co 1.1 13 0.9
Fe <0.1 <0.1 <0.1
Mn 0.8 0.9 0.5
Zn 1.7 13 1.5
Zr 0.3 0.2 0.1
U 20 14 15
Pu 0.7 0.4 04
Am

1.7 1.3 1.1
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[ HNC er] ] Cont act Rei | | ex resin resin resin resin resin

Ti me HPQ 1 2 3 4 5 1M 30
mn 6.7 1.3 2.5 1.2 1.7 1.6 1M 2
hrs 7.1 1.4 1.5 1.5 1. l 1.7 1 M 6
69 37 40 61 73 3 M 2 hrs 97
a0 2? Althoughgje present ingention pas bel? desiribdd with ;éfe?engégyfpeciﬁc 190 6 29
537 598etails, it xsﬁﬁﬁmtended thétsuclbddtdils should Be iega'ded as lindifafions upon th¢08 574
645 910 567 662
999 10%@Pe °f7“‘ °““§6 W?‘P‘” and th gstent thit ‘%?ﬁe ‘n°‘“§§%’6“‘° 3459

3484 209&00,5 ngclalmg hrs 2718 4032 3502

4263 2638 hrs 683 2319 3164 3679

3803 2391 9 M 30 m n 378 2894 3160 3900

3554 2122 9 M 2 hrs 1164 3977 3339 2033

3309 3834 9 M 6 hrs 1517 3188 3799 2670

3248 4172
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23 WD 96/ 40803 _ '
PCT/ US96/ 08800 - Table 2

Measured Kds of Pu(lV) fromnitric acid [HNJerr] Contact Rei | | ex
resin resin resin resin resin Ti me HP%
7 T 8 WO 96M08E8 1M 30ni n 6 PET/USIGO880D
0.9 1.5 2.1 2 ﬁlnrs 7.1 1.0
Ts 17 2 HIIIIIH%IIﬂIIIlIIlIIIA 68 0.0
1.1 1.5 2.1 2 1* "30 min 69 39
52 - 122 120
WHAT IS CLAIMED IS:
1. An anjon exchange resin having substantial repeating units of a type selected
from the group consisting of (a)
—(CHZCHi‘—(CH2CH»—
N I
g L.
N N

2X  (CHnQ'Rs

5  wherein Q is phosphorus, each R is the same and is an alkyl having from 1 to about 6
carbon atoms, n is an integer from 1 to 6, x + y = 1 and x is from about 0.2 o about 1.0,

and X" 'is a counterion, (b)

—(CH,CH—CH,CH}—

| N N
| 1
N N

2X  [(CHo)nOlm(CH2)pN'Rs

wherein each R is the same and is an alkyl having from 1 to about 6 carbon atoms, n is an
10 integer from 1 to 6, m is an integer from 1 to 4, p is an integer from 1 t0 6, x +y =1 and
x is from about 0.2 fo about 1.0, and X' is a counterion, (c)
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3 M
M

M 30
2 hrs
6hrs
m n
2hrs
6hrs
m n
hr s
1517

2 hrs 97 144 156 3

6 hrs 100 153 163 5
2% ss ||||l||| Imlllll ﬂlll Hmf 1431 1291 SM

412 564 1880 5 M
3Wb 9s/40803 713 822 1373 1952 PCTUSIH880P 30
490 382 5145 - 5701 4463 7M
850 2433 .. 4746 4698 8846 6819 7M
683 4141 5598 1 962 13,087 9 M 30
378 850—(0 jz—(CH2CH)— 20&'%02‘%)'9‘20“)_6598 9 M 2
1164 1003 6 49 1B, 345 8971 9M 6hrs
998 9581 236 S
/
+
2X (CHz)n X (GHz)n
\ \ U
l
D"’B

wherein one of A, B and D is nitrogen and one of A', B' and D' is nitrogen, each R and R’
10  isan alkyl having from 1 to about 6 carbon atoms, R’ is attached to said A, B or D which
is nitrogen, n is an integer from2to 6,a+b+c+d=1anda+b is from about 0.2 to
about 1.0, and X' is a counterion.
2.  The anion exchange resin of claim 1 wherein the x is from about 0.3 to about
0.8. "
3. The anion exchange resin of claim 1 wherein the resin includes substantial

repeating units of the type:

'—(CHZCHj;—(CHchkj-—
. S =N
()

+ N

2X"  [CH2)nOlm(CH2)N R
wherein each R is the same and is an alky! having from 1 to about 6 carbon atoms, n is an
5 integer from 1 to 6, m is an integer from 1 to 4, p is an integer from 1 to 6, x+y=1and
x is from about 0.2 to about 1.0, and X" is a counterion. '
4.  The anion exchange resin of claim 1 wherein the resin includes substantial

repeating units of the type:

' l’lS Sheet Has Been Rep
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24 WO 96/ 40803
PCT/ US96/ 08800 Table 3
Measured Kds of Pu(lV) fromnitr |mll“| Iﬂ““ﬂ“ﬂ“ ] Contact Reillex
resin resin resin resm Ti me HPQ
11 12 WO 96/4sd3 ¥ S A Y 30 ni rPCT/USI6/OERLY
1.9 1.2 1.2 - 1.2 1M 2 hrs 7.1
1.5 1.3 ' 1.2 .- 1.1 1 M o 6 hrs 6.8
1.6 1.2 1.7 1.1 69
61 51 - —(CHzCHHCHzQ#!?—@ 97
2 60 62 52 100
74 60 . 64 233
659, 575 722 845 412
952 752 824 9 hrs 372
1041 893 849 98 300 mn : 490
3095 3817 3782 _ 4009 4768 7 2 hrs 850
4282 4431 5910 2X HO¢k) X (CHHA X7R\/I 6 hrs 683
5282 4815 6870 6407 6804 9 M 30 mn 378
4331 4882 - 7840 2 A?.?

D~ D”

wherein one of A, B and D is nitrogen and one of A', B' and D' is nitrogen, each R and R’
is an alkyl having from 1 to about 6 carbon atoms, R’ is attached to said A, B or D which
is nitrogen, n is an integer from2to 6,a+b+c+d=1anda+b isfromabout 0.2to0
about 1.0, and X' is a counterion.

2.  The anion exchange resin of claim 1 wherein the x is from about 0.3 to about
0.8.

3.  The anion exchange resin of claim 1 wherein the resin includes substantial
repeating units of the type: |

—(CHchz(—(CHch);—

Q Q

2X [(CHz)nolm(CHz)pN Rs

wherein each R is the same and is an alkyl having from 1 to about 6 carbon atoms, n is an
integer from 1 to 6, m is an integer from 1 to 4, p is an integer from 1 t0 6, x +y=1and

- x is from about 0.2 to about 1.0, and X' is a counterion.

4. The anion exchange resin of claim 1 wherein the resin includes substantial
repeating units of the type:

‘This Sheet Has Been R,
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9 M 2 hrs 1164 7716 5592 7655 8524 9657

o™ MRS e v

PCT/ US96/ 08800 * Table 4
Measured Kds ofoSusosds) fromnitric acid [HNJerr]] Contact PCHESHPIBA0

resin resin resin resin : Ti me HPQ 16
17 18 19 1M 30 nin 6.7 1.5 0.7
0.6 1.1 1 M 2hr s 1 1.2 0.7 0.7
0.9 1M 6 hrs 6.8 —(C"'z‘r:é't_fc"'z Hy— 06 = 1.0  3M
30 nin 69 44 37 4 78 3 M 2
hrs 97 67 43 53 Xy 83 3'M 6 hrs
100 72 43 77 [ 7 || 5 30 min 233
227 450 720 1061 5 Z 412 647
571 843 1191 5 M 6 Hr s 372 831 681
999 1405 7 M 30 nin i | 490 801 2232 3106
5775 7M 2 hrs 850 2X (Chlaia 3303 3719 5432
7 M 6 hrs 683 3698 | ,3916 6648 8288 9 M
30 nin 378 1312 3081 N 5549 6809 9 M 2 hrs
1164 3650 5320 6105 |951

Z

wherein n is an integer from 2 to 6, x +y = 1 and x is from about 0.2 to about 1.0, and X"
5 isacounterion.

- 5. The anion exchange resin of claim 1 wherein the resin includes substantial

~ repeating units of the type:
—(CHZCHz(—(CHzc Hr
x X
| Z I Z

2X"  (CH)P'Rs
wherein each R is the same and is an alkyl having from 1 to about 6 carbon atoms, nis an -
10 integer from 2 to 6, x +y = 1 and x'is from about 0.2 to about 1.0, and X is a counteﬁon.

6.  The anion exchange resin of claim 1 wherein the resin includes substantial
repeating units of the type:
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9 M 6 hrs 1517 5469 7669 9608 11, 878
Exanpl e 13 Resin 3 was tested W th aci d-di ssolved sl udge sol ution and

acidified supernate (sinulant sol utj d Washi ngt on waste
tank) to neasure the Kd val ues for H!ﬂm IM Imemants. The neasured
val ues shown bayoweiesesTabl e 5 provi de el Qr Nt I @h about t he dPCTAISAGH)8300

el ements absorption by the resins and.in the case where plutoniumis the

target nmetal these data show which elenents are likely to interfere or

conpete with the absorber sites (the_selectivity of these resins for the
—CH H -

various el ements). 2CHI—(CH, 26
WO 96/ 40803 PCT/ US96/ 08800
Table 5 Distri Lon enents Sol ution
El enept 30 minutes 2 hoursl| 6 |hourls Aci d-Di ssol ved Ce
23 23 22 Sl udgey 0. 6% 0.4
0.4 0.4 l
2X (?Hz)n
NS
l S

wherein n is an integer from 2 to 6, x + y = 1 and x is from about 0.2 to about 1.0, and X
is a counterion, (d)

~—(CHZCH)—~CH,CH)—

5 whereinoneofA,B and D is nitrogen, n is an integer from 1 to 6, x+y =1 and x is from
about 0.2 to about 1.0, and X" is a counterion, and (¢)

. This Sheet Has Been Replaced
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3 g Pu/L Sr 1.0 - 1.3 1.3

Tc 24 27 Y

1.2 1.1 1. | 0.4
0.6 0.7 I@IIIII N IIIlI g 0.3
0.1 WO 96/§0803 c L M s ’0. 1 PQT/YS96/08800
Mh <0.1 0.2 Zn
1.7 1.3 0.7 - | __ 3.7
3.3 3.0 U 18
17 Pu —(CHzC g5 $CH2CH)—( CHZCH’_ 1173
Am ' 6.2 3 5 0 Aci d- ssol ved U
18 17 SIu 870
1650 2185 60 ny Pu/ 6.3
6:0 Acidified Ce Z N 1.4
Super nat e, Cs : <P * 0.1 pH 3.5
Sr 0.8 ) . 8 4& Tc
48 49 2X - @H)n X (CHz)n R 0.6
0.7 0.5 Cr 0.6 0.5
0.6 Co 1 1.3 0.9
Fe <0.1 I<O\ I = <0.1 Mh
0.8 0.9 2 Zn 1.7
1.3 1.5 +zc N 0.3 0.2
0.1 U 2.0 1.4 1.5
Pu . 0.7 OR4 0.4 Am
1.7 1.3 1.1

wherein each R is an alkyl having from 1 to about 6 carbon atoms, nlsanmtegerfromZ
25 to6,a+b+c+d=1 and 2 +b is from about 0.2 to about 1.0, and X' is a counterion.
9. Theanion exchange resin of claim 1 wherein the resin includes substantial
repeating units of the type:

—-(CHzc CH.C H)y—

wherein n is an integer from 2 to 6, x + y = 1 and x is from about 0.2 to about 1.0, and X'
30 isacounterion. |
10. The anion exchange resin of claim 1 wherein the resin includes substantial

repeating units of the type:
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27 WD 96/ 40803 o C |
PCT/ US96/ 08800 Al t hough the present I nventi on has been described with

reference to specific details, t hat such details should
be regarded as |imtations upon ,M“ Iﬂmm:ﬂm i nventi on, exceéat as and

to the extent WOA%080key are i ncl anyi ng cl BGRY
29
_ ——(CHgCH)‘—(_CHZCH)y—
N x
) 1
o0
X (CHz)
I N
=N
wherein n is an integer from 2 to 6, x+y=1 and x is from about 0.2 to about 1.0, and X
35 isa counterion.
11.  The anion exchange resin of claim 1 wherein the resin includes substantial
repeating units of the type:
_(CHEC;T_(CIE(S)S'—
X (CH2)n
7R
P
N
wherein n is an integer from 2 to 6, x +y = 1 and x is from about 0.2 to about 1.0, and X'
40  isa counterion.
. Tln.s ShTt Has Been Replaced: - .
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CLAI M5 1. An anion exchange.resin having substantial repeating units

of a type selected fromthe group consisting of (a) [err] wher ei n
Q i s phosphorus, each Ris the s mm“wﬂ[l I havi ng from1l to about
6 carbon atoms, n is an integer f 1 and x is from about
0.2 to about jv@sess X[ err] is a tountéridn, s(b) [err] PCT/US9£{q8802 n

each Ris the sane and is an al kyl having froml to about 6 carbon atons, n
is an integer froml to 6,mis an integer from1l:40 4, p is an |nteger

from1l to 6, x y2= A xaaﬂoabﬂsapafrstﬁ.@aadaawr dhiohid ﬂeﬁmapxémgﬁomd afhedis] is a
counterion, ( go)luuon comprising
contacting a solution containing a target anion or anionic metal complex with an
anion exchange resin having substantial repeating units of a type selected from the group

S  consisting of: (a)

—(CHCH—~CHCH—

éﬁj

2X (CHz)nQ Rs
wherein Q is nitrogen or phosphorus, each R is the same and is an alkyl having from 1 to
about 6 carbon atoms, n is an integer from 2 to 6 when Q is nitrogen and an integer from
1 to 6 when Q is phosphorus, x + y = 1 and x is from about 0.2 to about 1.0,and X'is a
10  counterion, (b)

—(CHZGH;—(CHZCH)/—
=N S
) 0
N

22X [(CHo)nOlm(CH2)pNRs
wherein each R is the same and is an alkyl having from 1 to about 6 carbon atoms, n is an
-integer from 1 to 6, m is an integer from 1 to 4, p is an integer from 1 t0 6, x+y =1 and
x is from about 0.2 to about 1.0, and X' is a counterion, (c)

Thi is Sheet Has Been Replaced
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30 [err] wherein_one of A B and Dis nitrogen and one of A,
B and D is nitrogen, each Rand R is an alkyl having from1 to about 6
carbon atons, R is attached to ich is nitrogen, nis an
integer from2 to 6, a + b + c +ﬂmmml"6m!ﬂﬂlmm s from about 0.2 to about
1.0, and X[ er o dsuegdcount eri on e ani on exchange recI/HssO8&Pai m 1

wherein the x is fromabout 0.3 to about O.8. 3. The ani on exchange
resin of claim1l wherein the resin includes substant | aI repeating units of

the type: [err]
-—(CHZCH);—fCHch)y——

N X

P~ -

N+

2X (?Hz)n
+
| s
22
15

wherein n is an integer from 2 to 6, x + y = 1 and x is from about 0.2 to about 1.0, and X

is a counterion, (d)

—{(CH,CH—{CH,CH)—

Q Q

X (CHz)n
A
L .4
D'/

20 wherein one of A, B or D is nitrogen, n is an integer from 2 10 6, x +y =1 and x is from
about 0.2 to about 1.0, and X is a counterion, (e)

' This Sheet Has Been Re
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wherein each Ris the sane and is an al kyl having fromI| to about 6 carbon
atons, nis an integer from1l tWr fromlto 4, pis an
integer froml to 6, x +y =1 'S fromabout 0.2 to about 1.0, and
X[err] is a counterion. 4. The N“Mresi n of claim1 wherein
the resin inclywdagsdmpdst antial r ﬁ‘\\m “\“\ the type: PCT/US96/08800

31 [err] Wnereinnl eger from2 to 6, Xx +y =1 and x

is fromabout 0.2 to about: 1.0, and Xerr] is a counterlon (d) [err]

—{C HZCH)—-(CHzCH)'—(CHch)—(C Hch)——
, =
| | ®
+ N

2X (CHz)n X (CHz)n X R

D"
wherein one of A, B and D is nitrogen and one of A', B' and D' is nitrogen, each R and R
is an alkyl having from 1 to about 6 carbon atoms, R’ is attached to said A, B or D which

25  isnitrogen, nis an integer from2to 6,a+b-+c+d=1anda+b isfrom about 0.2 to
about 1.0, and X' is a counterion, under conditions suitable for sorption of said target
metal ion by the anion exchange resin; and,

contacting said anion exchange resin including sorbed target metal ions with an
aqueous solution having properties suitable for removal of said target anions or anionic

30  metal complexés from the anion exchange resin.

13. The method of claim 12 wherein said target anionic metal complex is
plutonium, said conditions suitable for sorption of said target metal ion by the anion
exchange resin is that of an about 5 M 1o about 9 M nitric acid, and said properties
suitable for separation of said target anionic metal complexes from the anion exchange

5  resin is from about 0.1 M to about 1.0 M nitric acid.

Thle Sheet Has Béen Rerlac

[

38



wherdin one of A, Band Dis nitrogen, nis an integer from1l toq%@,)(({*"é/ =
‘1l and x is fromabout 0.2 to about 1.0, and X err] is a counterion, a(%((@)

32 [err] wherein n is an integer from2 to 6 +y
=1 and x is fromabout 0.2 to about 1.0, and X err] is a
count eri on. 5. The anion exchange resin of claim1 wherein

'Egtrar]res”"mrmmmi,r"ml"b,ﬁl anti al 29 repeating units of the type:

I . _
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CLAIMS DATE OF Recerpr.. 9" W8

1. An anion exchange resin having substantial repeating units of a type selected
from the group consisting of (a)

—{(CH,CHL—{CH.CHY—

X X |
o

2X"  (CH2AQ'Rs

wherein Q is phosphorus, each R is the same and is an alkyl having from 1 to about 6
carbon atoms, n is an integer from 1 to 6, x +y=1 and Xis from about 0.2 to about 1.0,

and X is a counterion, (b)

~—{(CHCH—CH,CHy—
= N
I s ' ~
N N

2X [(CH)nOlm(CH2)oN"Rs

wherein each R is the same and is an alkyl having from 1 to about 6 carbon atoms, n is an
integer from 1 to 6, m is an integer from 1 to 4, p is an integer from 1 t0 6, x + ¥y = 1 and

x is from about 0.2 to about 1.0, and X is a counterion, (c)
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wherein each Ris the sane and is an al kyl haszj_ng_f_r_mn—]:—t—e—&bﬁu{ 6 carbon

atons, n is an Integer from2 to 6, .x + = 1 and x |sfrom
about 0.2 to about 1.0, and Xerr] is a counte n “ mu IML ll

ani on exchange resin of claiml wherel n t he re tantlal
repeating units of the type: * 33 [err]
wherein each Ris an al kyI havi ng from about 1 to 6 carbon atons, n is an
integer from2 to 6, rom about 0.2 to about

1.0, and Xferr] is ac t t|@n cHdnge resin of claim1l
wherein the resin |ncI udes ubstali/t‘jal reEpAitl ng. u ts of the type: [err]
1

2X (C Ha2)n X (CHz)n 'R

\

D"
|

wherein one of A, B and D is nitrogen and one of A, B' and D' is nitrogen, each R and R’
is an alkyl having from 1 to about 6 carbon atoms, R’ is attached to said A, B or D which
is nitrogen, nis an iriteger from2to6,a+b+c+d=1anda+b is from about 0.2 to
about 1.0, and X is a counterion.

2. The anion exchange resin of claim 1 wherein the x is from about 0.3 to about
0.8.

3. The anion exchange resin of claim 1 wherein the resin includes substantial

repeating units of the type:

~—{(CH,CHL~CH,CH)—

ol

2X [(CHz)nolm(C Hz)pN'Rs

wherein each R is the same and is an alkyl having from | to about 6 carbon atoms. n is an
integer from 1 to 6, m is an integer from 1 to 4, p is an integer from 1 t0 6. x + y =1 and
x is from about 0.2 to about 1.0, and X is a counterion.

4. The anion exchange resin of claim 1 wherein the resin includes substantial

repeating units of the type:




wheréin each Ris an alkyl having fromabout 1 to 6 carbon atons,

nis an

‘integer from2 to 6, a+b+c+d=1anda + b-i-s—fronrabout 0.2 to about
1.0 and X[err] is a counterion. 8. The ani on exchan laim1
wherein the resin includes substanti3al repeating u ml\{ﬁiHmﬂHm

34 [err]

—(CHZCH);—(CHZC Hy—

Q0

2X (CHz)n
r!l .

-

=

wherein n is an integer from 2 to 6, x + y = 1 and x is from about 0.2 to about 1.0, and X’

is a counterion, (d)

—(CH,CHE—{CHCHi—

NN
()

7%
N« N
X (CHa)
A
] {

.B
D

" wherein one of A, B and D is nitrogen, n is an integer from 1 to 6, x +y = 1 and x is from
about 0.2 to about 1.0, and X' is a counterion, and (¢)
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mherein each Ris an alkyl having from1l to about 6 carbon atons, n is an
-integer from2 to6, a+ b +c +d=1and a+ b is fromabout 0.2 to about
1.0, and X[err] is a counterion. 9. The anion ' claim1l
wherein the resin includes substantggl repeating uamﬂmm!m]!gﬂyu)[err]
wherein n is an integer from2 to 6, x +y =1 and » 1S Tk +0.2 to
about 1.0, and Xferr] is a counterion. 10. The ani on exchange resin of

claiml wherein the resin iﬁekodee@uﬁmw repeating units of the type:

N S
| 7z | ~
N N~

2X ((|3 Hz)n
+
5
=
wherein n is an integer from 2 to 6, X + y = | and x is from about 0.2 to about 1.0, and X

is a counterion.
5.  The anion exchange résin of claim 1 wherein the resin includes substantial

repeating units of the type:
—{(CHCH—CH,CHy—

NNy X
() ()
llh- N

2X°  (CHo)P'Rs

- wherein each R is the same and is an alkyl having from 1 to about 6 carbon atoms, n is an
integer from 2 t0 6, x + y = 1 and x is from about 0.2 to about 1.0, and X is a counterion.
6. The anion exchange resin of claim 1 wherein the resin includes substantial

repeating units of the type:

REPLACEMENT SHEET
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35 [efr] wherein n is an integer from2-to 6, x +y =1 and
X is fromabout 0.2 to about 1.0, and Xerr] is a 11. The
i al

terion. 1
enon xchange resin o clam 2 werein che vosi v RN

—{(CH,CH{CHaCHE~CH2CH—~CHCH)—

N ™ 2 X
bb )
oo

(CHaln X (CHa)n X R

I \NVR >N
P l S

wherein each R is an alkyl having from about 1 to 6 carbon atoms, n is an integer from 2
" t06,a+b+c+d=1anda+b isfromabout 0.2 to about 1.0, and X" is a countetion.
7.  The anion exchange resin of claim 1 wherein the resin includes substantial
repeating units of the type:

~—(CH,CHY—CHCH—CHCH—C HoCH)—
= = X =
YRR
rrorT

2X (CHa)n X (CHyy X R

Xy S
/N+ I /N

N

R

wherein each R is an alkyl having from about 1 to 6 carbon atoms, n isan integer from 2
to6,a+b+c+d=1anda+b is from about 0.2 to about 1.0, and X is a counterion.
8.  The anion exchange resin of claim 1 wherein the resin includes substantial

repeating units of the type:




o

whereim n is an integer from2 to 6, x +y =1 and x is from about 0.2 to

“‘about 1.0, and X[err] is a counterion. H“I“HHIIL“N “lll
36 12. A nethod of separating anions or anio es from

an aqueous sol ution conpri sing contggtl ng a sol &iti bn tordtai’ning a target
ani on or anionic metal conplex with an” ani on exchange resin having
substantial repeating un| ts of pe sel ect ed fromthe group consi sting
of: (a) [err] each Ris the

sane and is an al kyl havr ng from 1 to about 6 carbo atons, n is an integer
from2 to 6 when Qis nitr I nt fro o6WnenQ|s
phosphorus, x + :1and}< |sfr ab ut out 1.0, and Xferr] is a
counterion, (b) [err] N

2X (CHz)n X (cr-rz),, ‘R

)
I
R

wherein each R is an alkyl having from 1 to about 6 carbon atoms, n is an integer from 2
to6,a+b+c+d=1anda+b is from about 0.2 to about 1.0, and X  is a counterion.
9.  The anion exchange resin of claim 1 wherein the resin includes substantial

repeating units of the type:
—CHCHL—C Hch)r-

R R
()

7
N N
X (CH2)n
()

P
wherein it is an integer from 2to 6, x + y = | and x is from about 0.2 to about 1.0, and X°
is a counterion.

10. The anion exchange resin of claim 1 wherein the resin includes substantial

repeating units of the type:
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wherein each Ris the same and is an al kyl havi ng—fromI—to—about—6 carbon

-atonms, nis an integer froml1l to 6, mis an intege 4 ‘pis an
integer from1to 6, x +y =1 and x is fromaboi Ilﬂullpo and
Al
m a

X[err] is a counterion, (c) 35
~wherein nis an integer from2 to 6, x+ y:1a bout 0.2 to
about 1.0, and Xferr] is a counterion, [err]

-—-(CHzCH)—-(CHz Hy—

oo

wherein n is an integer from 2 to 6, x + y = | and x is from about 0.2 to about 1.0, and X
is a counterion.

11. The anion exchange resin of claim 1 wherein the resin includes substantial

repeating units of the type:
_-(CHQC;)X—(CHE(]:%)Y_—
X (C Ha)n
x
L.
N

wherein n is an integer from 2 to 6, x +y = 1 and X is from about 0.2 to about 1.0, and X

is a counterion.




wherein one of AA- Bor Dis nitrogen, nis an intmfs X +y =
-1 and x is fromabout 0.2 to about 1.0, and nterion, (e)

38 [err] wherein one of A B an ,!H”ﬂl’!znmg d one of A,
'B" and D is nitrogen, each R and R34 s an alkyl Ravi to about 6
carbon atons, R is attached to said A, B or D wiichis mtrogen, nis an

integer from2 to 6, a+b+c+d=1anda+ bis fromabout 0.2 to about
1.0, and MRer A method of sepmrating amionswn aeipnic gethl corpplexes fiomadol asjubaus sor pti on of
said tasélutlon comprising

contacting a solution containing a target anion or anionic metal complex with an
anion exchange resin having substantial repeating units of a type selected from the group

counsisting of: (@)

——(CH.CHY—CHCHi;—
= =
I z I 5
NG N

2X  (CHnQ'Rs
wherein Q is nitrogen or phosphorus, each R is the same and is an alkyl having from 1 to
about 6 carbon atoms, n is an integer from 2 to 6 when _Q is nitrogen and an integer from

1 to 6 when Q is phosphorus, x +y =1 and x is from about 0.2 to about 1.0, and X is a

counterion, (b)

—(CHCH~CHCHY—

é

2X [(CHz)nOIm(CHz)pN Rs

wherein each R is the same and is an alkyl having from 1 to about 6 carbon atoms, n is an
_ integer from 1 to 6, m is an integer from 1 to 4, plsanmtegerfrom 1to6, x+y" { and
x is from about 0.2 to about 1.0, and X isa countenon, (<)

e XY s




met al-"i on by the ani on exchange resin; and, contacting _said ani on—
exchange resin including sorbed target netal ions-with an aqueous sol ution
havi ng properties suitable for renoval of said target 1 u“lummwc
netal conplexes fromthe anion exchange resin. 13Hmuﬂim &ai m
12 wherein said target anionic netal “conplex is plutontun§ said cdnditions
suitable for sorption of said target netal ion by the anion exchange resin
is that of an about 5 Mto abouCi$GHEHCHClEd, and said properties
suitable for separation of said target aniopiC netal conplexes fromthe
ani on exchange resin is fromabout8J1 Mt bout 1.0 Mnitric acid.

39 - 14. An ani on exchange n he{avi npg substantial repeating units

selected from the group consi strNyg#oOf : A a) (a) [err] wherein Q
i s phosphorous, each Ris the same @id is a'“ al kyl having from1l to 6

car bon X
2X (flin)n
+
®

Z

whereinnis an inieger fr.om 2t0 6,x+y=1 and X is from about 0.2 to about 1.0, and X

is a counterion, (d)

——(CH,CH—(CH,CH);—
I S
LJ L
_ |+ N
X (CHa)n
A
| .8
D‘/

wherein one of A, B or D is nitrogen, n is an integer from 2 to 6, x +y = 1 and x is from
about 0.2 to about 1.0, and X is a counterion, (¢)
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atems,”*0 is an integer from1l to 3, nis an integer from1l to-6,—and X err]

to 3,

integer froml1l to 6, and X[err] is a counterion;

40

(c) [err]

—(CH,CH~CH,CH—~CH,CH—CHCH—
X X | = =
] 7~ ‘ " l ~ I o~
l + T . T + "N
2X° (CHn X' (CHan X R
= A"‘ ¢ ~ A‘
(L,‘é—“ L&
D~ D"
wherein one of A, B and D is nitrogen and one of A", B' and D' is nitrogen, each R and R'

is an alkyl having from 1 to about 6 carbon atoms, R' is attached to said A, B or D which
is nitrogen, n is an integer from2to 6,a+b+c+d=1anda+b is fromabout 0.2 to

about 1.0, and X is a counterion, under conditions suitable for sorption of said target
metal ion by the anion exchange resin; and,

contacting said anion exchange resin including sorbed target metal ions with an
aqueous solution having properties suitable for removal of said target anions or anionic
metal complexes from the anion eXchange resin. .

13. The method of claim 12 wherein said target anionic metal complex is
plutonium, said conditions suitable for sorption of said target metal ion by the anion
exchange resin is that of an about 5 M to about @ M nitric acid, and said properties
suitable for separation of said target anionic metal complexes from the anion exchange
resin is from about 0.1 M to about 1.0 M nitric acid.

s a counterion; (b) [err] wher ei n |S the sane and
is an al kyl having from1l to about 6 carbon atons, ﬁ'ﬂ ,!w’mﬂm from1
0 Aacraap ol

nis an integer from1l to 6, m3jg an integer f¥

an



wherein o is an integer from 1.to 3, nis an integer from2 to 6, and
Xerr] is apqunterion; (d) [err] . Wor Dis
;](I[te;(r)]gein’s glcguﬁ?elrint)ﬁger frpmlto 3, nis integer. from2 to G(G?nd
[err] . \\ll\ll\ IR

39

14.  An anion exchange resin having substantial repeating units selected from
the group consisting of: '

(@) ——¢CH2CH—

' X
CHy-O—(CHz)o 22X~

Ve
(CHz)nQ+R3

wherein Q is phosphorous, each R is the same and is an alkyt having from 1 to 6 carbon

atoms, o is an integerfrom 1to 3, nis an integer from 1 to 6, and X" is a counterion;

®) —{CHaCH—
o ~
Hz—O—-(CHz)QO 2X"
| , v
[(CHINOIM(CH)pN"R;

wherein each R .is the same and is an alkyl having from 1 to about 6 carbon atoms, o is
an integer from 1 to 3, nis an integer from 1 to 6, m is an integer from 1 to 4, p is an
integer from 1 to 6, and X is a counterion;
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wherein one of AL, Band Dis nitrogen, R is an alkyl having f lto
about 6 carbon atons and is attached to said/AMs

nitrogen, ois an integer from1l to 3, n is an int to 6, and
X is a counterion; (f) [err] whereémm i‘)\ on and
Xerr] is Nerr](R[err] or Plerr](R[err] wher nl ssan” al kyl
having from1l to 6 carbons, or 40 and (g) [err]
@ (CHacH—
\ -
Hy-O—(CHa)o P 2X
e
(CHz)n
N_+
* I \
F

wherein o is an integer from 1 to 3, n is an integer from 2 to 6, and X'isa cqunterion;

(@ ——{CH2CH —
| S
CH,-0—(CHa)o -
Z X
o
(CHa)n
B
’B
D

wherein one of A, B or D is nitrogen, o is an integer from 1t0 3, nis an integer from 2 to

6, and X" is a counterion;
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wherei'n X is a counterion, Zis H or CH err], and Ris an al kyl having from
1 to 6 carbons. 15. An anion exchange resin according to .

~claim 14, having subét_ant i al repeatl ng—um—t—%ejf——%—he—f—e%l a

(a) [err] or ous
the same and is an alkyl having from 1 to 6 car borimll El")ll " llg m]t o |s
an integer froml to 3, nis an integer from1l to nterion:
16. An ani on exchange resin accordi nflto clai m14, haV| ng substantial - _

repeating ' units of the fornul a: (b) [err]

43 wherei(eJeach. Ris the same and is an alkyl having from1 to about 6
carbon atons, o -is‘a‘rﬁqm'brfroml to 3, nis an integer froml to 6, m

is an integer from1l to pis an integecJroml1 to 6, and Xerr] is a
count eri on. N
CH,-0—(CHg)o '

2X
-
v,
(CHa)n
N
: A
) ‘ _+_i-Rl
p”°

wherein one of A, B and D is nitrogen, R'is an alkyl having from 1 to about 6 carbon
atoms and is attached to said A, B or D which is nitrogen, o is an integer from 1 to 3, n
is an integer from 2 to 6, and X is a counterion;

f)
( ——CH2CH y—

+ + -
CHN(CHa)a(CHa)pX  2X

wherein X is a counterion and X* is N*(R)a or P*(R); wherein each R is an alkyl
having from 1 to 6 carbons, or
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17.. An ani on exchange resin according to claim 14, having substanti al
repeating units of the fornul a: (c) [err] wherein o is an
integer froml to 3, nis an integer from2 to 6, and Xerr] is a

count eri on. 18. An ani on exchan e reS| n ac 4, having
substantial repeating units of the foffdu j“ Ilﬂl “lﬁl mml

and (g) e
) —CH2CH ¥ —
CHs i
CH,N 2X
| o
Z N+
R

wherein X is a counterion, Z is H or CHs, and R is an alkyl having from 1 to 6 carbons.

15. An anion exchange resin accordmg to clalm 14, having substantlal
repeating unlts of the formula:

@ —¢CH2CH—

: =
CHO—(CHooy 2X"
-+

(CH2)nQ*Rs

wherein Q is phosphorous, each R is the same and is an alkyl having from 1 to 6 carbon
~atoms, o is an integer from 1 to 3, n is an integer from 1 to 6, and X is a counterion.

16. An anion exchange resin accordmg to clalm 14, having substanttal repeating
units of the formula:

() —CH2CH)—

@Hz‘O—(CHz)o‘Q

[(CHz)nO]m(CHz)pN R3

REPLACEMENT SHEET

07 DEC 998




44 wherein one of AL Bor Dis ni trogen, ois_a.n_i_m_age-r——f—pem—l—E\OS nis

an integer from2 to 6, and Xerr] is a counterion. An ani on

the Tormi a8y Terr]s o o el Egoﬁﬁbﬁ|mj|||ﬁ||l||ﬁﬂﬂalﬂmﬁ. rogen,

R is an alkyl having from1 to about 6 carbon: at bns° ard i"s ‘dtt Ached to

said A B %e hgﬂ‘ RiSt J{%élﬁél?ﬂd isar &k 'Hablﬂfg%ﬁ{ 1l QJHch%QrE’bR eﬁoﬂnﬁbﬁﬁ

i nt eger from IS a co nt er ani
exchange raauntegenfmrdﬂrtg& o islaniintegdr, frdmvito §, subanamtegerlfrcmapmm mis amits of

the formil ﬁ’wteéér)frérﬁ %"th 8, and X is a counterion.

17. Ananion exchange resin according to claim 14, having substantial
repeating units of the formula:

@
. —{CHaCHy—

| N _
CHy-O—(CHy)o 2X
. -

+

wherein o is an integer from 1 to 3, n is an integer from 2 to 6, and X’ is a counterion.

18. An anion exchange resin according to claim 14, having substantial repeating
units of the formula: |

@ —{CH2CH j—

o
H;-0—(CHy)o .
o, X

(éHz)n
B
o8
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whereirn X err] is a counterion and Xerr] is N err err|

Plerr](R[err] wherein each Ris anal kyI haV| nHl"iﬁmilbuH:umJﬂ“ bons,

45 [err] esin
according to claim14, having substagp4i aI repeatl ng tnits of the
formul a: (g) [err] wherein Xerr] is a

count er i oNyhérdit ohk B AC§|[0? lls ’nrtﬂﬁgn 'ﬁl |s(sjarfi§tt=.-"§lel‘mamhlat‘é'31 9 id B At é%ér‘?ro% 2to

car bons separatlng ani ons ani onic
met al corrpﬁeam)(f xsoamwntenon aqueous sol ution, conprising contacting a
sol ution cont ai ni ng a target anion or an-i oni c :

19.  An anion exchange resin accordmg to claim 14, havmg substantial

repeatmg units of the formula:

© —{CHaCHy—
o~
CHz-O—(CHz)crO X
_ s |
(CHz)n
AR
| i
_B
D

wherein one of A, B and D is nitrogen, R'is an élkyl having from 1 to about 6 carbon
atoms and is attached to said A, B or D which is nitrogen, o is an integer from 1 to 3, n
is an integer from 2 to 6, and X" 'is a counterion.

20.  An anion exchange resin according to claim 14, having substantial
repeating units of the formula: |

® ——(CH2CH }—

+ o
CHN(CH3)(CHnX 2%

wherein X" is a counterionand X* is N* (R)3 or P*(R); wherein each Ris an alkyl
having from 1 to 6 carbons, or
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met,al conplex with an ion exchange resin according to any of clains 14-21,
and contacting said anion exchange resin including sorped target

.ani ons or anionic netal conpl exes with an havi ng
properties suitable for renoval of said Hiﬁmmm"i liﬂnl oni c

metal conpl exes fromthe anion exchar}‘gse resin.

21.  Ananion exchange resin according to claim 14, having substantial
repeating units of the formula:
[C)
—4CHXCHY—

‘wherein X is a counterion; Zis H or CHs, and R is an alkyl having from 1to 6 carbons.

22. A method for separating anions or anionic metal complexes from an
~ aqueous solution, comprising contacting a solution containing a target anion or anionic
metal complex with an ion .exchange fesin according to any_of claims 14-21, and
contacting said anion exchange resin including sorbed target anions or anionic metal
complexes with an aqueous solution having properties suitable for removal of said
target anions or anionic metal complexes from the anion exchange resin.




