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Como resultado del exameh de fondo, realizado con fundamento en el articulo 45 de
la Decision 486 de la Comision de la Comunidad Andina, se le comunica:

1. Documentos estudiados

Descripcion: Folios 28-65 2009-03-26
Reivindicaciones: Folios 66-75 2009-03-26
~ Folios 84-93 2009-05-28

Folios 96-105 2009-07-15

Prioridad: AU 2006905249 Folio 1 2006-09-21

2. Objeto de la invencion

Titulo de la solicitud: Una resina de intercambio i6nico y un proceso para su uso.
Folio 1. :

Objeto de la invencion: El objeto de la presente solicitud de patente de invencion se
refiere a una resina qué es un copolimero de un poliestireno y un polimera no
estirénico, en donde el polimero no estirénico incluye la subunidad de formula (1):.
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El problema téonice planteado en la presents solicitud de patente radica en la
necesidad de disefiar una resina de intercambio iénico que sea utilizable en procesos
de resina en pulpa en términos comerciales y que sea capaz de adsorber
preferiblemente metales valiosos y al mismo tiempo tener una resistencig
hidromecénica apropiada y una buena durabllidad, de mode tal, que se pueda utilizar
repetidamente en los equipos de procesamiento de pulpa. Para solucionar ese
problema técnioo la preserite solicitud plantes una resing que es un copolimere de un
poliestireno y un polimero no estirénico, en donde el polimero ne estirénico incluye la
subunidad de formula (1),

El objeto de la presante Bolicltud se relaciona eon la Glasificasién Internacional de
Patentes (CIP): COBL 25/12,

3. Analisis de la Prigridad

Se acepta la reivindicacién de Prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 488), y su contenide técnico corresponde con el de la
prioridad relvindicada,

4. Do la geligitud de Patents

§ (artloule 30 D 466)

El capitule reivindicaterle se considera una generalided que no se encuentra
soportada en la descripeién y gue no permite definir esp@eiﬁﬂamente al objeto v el
alcance de ia invencién. El capitulo reivindicatorio no es conciso. El solicitante debe
limitar el alcance de su invencién y definir especificamente la resina de interés que a
su vez debe estar enteramente sopcrtada en la descripcion.

En este sentido sirvase retirar frases v expresiones tales como “polimere no
estirenico, grupe enlazante divalente, al menos, aproximadamente, es menor, meneos
del, por debajo, adicién del agente alcalino a la fase liquida antes o durante el paso
de adsorcion” dado que son imprecisas y no permiten definir el objeto ni el alcance
de la invencion especificamente.

Asimismo 8¢ llama |a atenolén del seligitania frente a las relvindicaciones 14 y 18, las
cuales ne son claras y no definen especificamente el sustituyente de poliestireno. El
solicitante debe presentar de forma clara y especifica la estructura de la resina de
interes. Ahora bien, sirvase definir y aclarar las estructuras N y 8 dado que pueden
generar confusion pues no es claro si se trata del misma estructura o no.

Iguaimente se requiere al solicitante en términos de claridad frente al significado del
radical NR en por ejemplo la reivindicacién 1. En ninguna parte de la reivindicacién
se aclara el significado de R. 8irvase corregir.

Por ultimo, no encuentra evidencia técnica suficiente para suponer gue la
generalizacion reclamada pueda tener el mismo comportamiente que muestra la
particularidad engsayada, E| solicitante debera limitar el alcance de la invencuén y
definir la resina y el método de interés.

En consecuencia, &l capitulo reivindicatorio no cumple con el requisito de concision,
claridad y sustente en la descripcién de acuerdo al art. 30 de la Decisién 486.
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cpcion (artieulo 28)
L.a descripeien resulta ser insuficlente para el amplis alcance que tiers el capitule
relvindicatorio. 8e le recusrda al solleitante que la deseripoién debe ser una
divulgacion suficiente y adecuada para la materia qus se esta reclamando, pero el
alcance de la misma va muche més alld de aquslla materia que se encuentra
enteramente soportada en la deseripcién. En ese sentido, esta Oficina considera que
no se encuentra suficiente soporte técnico en la descripcién para reclamar una
extrapolacién tan amplia a partir de estudios tan puntuales. El solicitante debe limitar
el alcance del capitulo reivindicatorio,

Por o tante, la deseripeién no sumplié eon el requisito de claridad we divuigacién
completa de acuerde el art, 28 de ia Declsién 486 y el art, 22 del Tratado PCT.

5. Reterminacién del Estado de Iz Téenica

Considerando que Ia fecha de lg pricridad de la soligitud internagional RPCT es
2008-08-21, se raalizd |a blsqueda an &l estado de la téenica y se encentraron los
documentos relacionados a continuacién, que pueden afectar la patentabilidad del
objeto de ia presente solleitud:

_ , . i o e e Fecha do
) i i
N ‘Dchmeni’o” “ ‘V,f-ufo | | publicacion

D1 WO02004008775 Aresin and process for extracting non-ferrous metals 2004-11-18

~ Qrganic ion exchangers as beads. Synthesis,
characterization and applicaticns
Polymaere for advanced technologies, 20080801 WILBY
3 SONG BOGNOR RECIS, GE - ISEN 1042-7147

P2  XPO081085672 2006-08-08

El solicitante podré eansultar ¢! documente citade en s sipuisnte URL:

g1

http-Mvaddwide. senaganet comfublisationBetalelbibiio? DRSERGRACAI0ANDR4 Sadiacant=trunlocalesen EREFT=DEdate
A AR AT A R R ARACH BB s alsenziiindlasl

02 anexado 8/ expadiente ’ ‘

El documento D1 hace referencia a una resina de intercambio iénice adecuada para
la hidroextraccion de metales no ferroses a partir de materia prima como pulpas,
entre otras, que tiene la estructura:
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El dosumente D2 hace referencla a la preparacion de intercambiaderes aniénicos
bagados en subunidades de N N-dietil-2-hidroxietii bencilamonio cloruro v a la
preparacion de intercambiadores anidnicos con grupos de amina primaria por la
reaccion de aminolisis-hidrélisis con grupos 1,2-diaminoetano del nitrilo, contenidos
en algunos copolimeros porosos de acrilonitrilo-divinilbenceno, seguido por la
carboximetilacion de los grupes de amina primaria para preparar iones quelantes
intercambiadares.

6. Examen de patentabilidad (articulo 14 D486)

antive (artigulo 18 D486)

Le solieitud de patents en astudio presenta en la relvindicacién 1 una resina la cual
es un copolimere de un pollestirenc y un poiimero ne estirénico, en donde el
polimero no estirénico Ingluye la sigulente subunidad contentiva de acetato;
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En donde Rb es un grupo enlazante divalente; Rd es NH, NR, © ¢ ausente.

Comparacion de |as caracteristicas téenicas esénaia!es, gon |as del Estado de la Técnica:

Caracterisiicas ésenciales
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en donde el polimere no estirénico incluys
la siguiente subunidad contertiva da
acetato:
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El dacumenta D2 se consideran el ssiado de la téenies cereans a la Invencién
definida en la reivindicacién 1 porque divuiga a una resina de intercambio ibnico
adecuada para la hidroexiraccion de metales no ferrosos a partir de materia prima
como pulpas, entre otras, que tiene la estructura;
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Espacificamente, |3 resina de intersambic brico de B1 es (Wl en procesos
hidrometalirgices para la extraceién de metales ne ferroses a parir de materia
primas, tal como pulpas. Dicha resing puede ser utilizada para extraer metales no
farrosos como niguel, cobalio v cobre,

La resina divuigada en el documento D1 es especialmente estable en el proceso de
extraccion de metales no ferroses, ofreciendo igualmente unsa alta selectividad de los
mismos.

La resina del documento D1 diflere de la resina de esta invencién en el radical
derivado de acetato en el sustituyente de formula (1) tal como lo muestra la tabla
anterior,

No obstante, dicha diferencia no parece provocar ningtin efecto técnico inesperado o
sorprendente dado que se sigue obteniendo una resina de intercambio iénico Gtil
para procesos de extraccion de metales no ferrosos (Ni y Co) desde pulpas, que son
especialmente estables y selectivas.

De este modo, e! Froblema Técnico Qbjetivo que pretende resolver esta invencién se

puede formular asl: ;eémo medificar la resina del documento D1 para obtener una
resina de intercambio iOnico alternativa?

8in embargo, la inelusién de un radical acetato en resinas de intercambio iénico
basadas en copolimeres de estireno ya se habia sugerido desde el documento D2 el
cual presenta una sustitucion de acetato en la amina terciaria de una resina analoga.
Por lo tanto dicha modificacién seria obvia para una persona medianamente versads
en la materia. Y dado que la solicitud no presenta ninguna evidencia técnica que se
pueda interpretar como un salto cualitativo en la técnica en términos de alguna
mejora frente a la resina conocida desde D1, se concluye que la resina de interés es
una alternativa evidente a partir del estado del arte citado gque no provoca ningin
efecto inesperado o sorprendente vy carece de nivel inventivo. Analogamente el
proceso de la reivindicacion 31 tampeco tiene nival inventivo.
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7. Genglusign

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi: '

N°  Documento N° ‘Reivindicaciones  Requisito que afecta
) afectadas . e
_B1 WO2004088775 148 Nivel inventivo
P2 XpPogs1ossre 1.48 Nivel Inventive

En cumplimiento del articulo 45 de la Decision 486 de la Comisién de la Comunidad
Andina, se le indlea que debe dar respussta dentre del término de sesenta dias
contados a partir de la fecha de notificacién de la presente comunisacién. En caso de
no dar respuesta al presents requerimiento ¢ si a pesar de la respuesta, subsistieran
los impedimentos para la concesién, se denegard la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, iiteral e), del
capitulo quinto del titulp primero de la Circular Unica N° 10 de 2001.

—
JOBE LUIG SALAZAR LOPEZ
Direator de Nuevas Creaciones ()
El anterior requerimiento fue notificado por fllacién en lista, de fecha

OB Bam-

¢ 960, 2012
Elaberd: Sandra Isahel Caldergn ¥
Revisd; Jaggusling Alfanse
Aprabd: José Luis Salager
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Organic ion exchangers as beads. Synthesis,
characterization and applications’

E. S. Dragan®, E. Avram and M. V. Dinu

“Petru Poni” institute of Macromolecular Chemistry, 700487-lasi, Romania

Received 16 October 2005; Revised 31 January 2006; Accepted 20 April 2006

Two less explored strategies in the preparation of porous organic ion exchangers in bead form are
presented. in this paper: the preparation of macroporous strong base anion exchangers with N,N-
diethyl-2-hydroxyethyl benzylammonium chloride units, a less explored chloromethylation reagent
of the styrene-divinylbenzene copolymers being used, and the preparation of anion exchangers with
primary amine groups by the aminolysis-hydrolysis reaction with 1,2-diaminoethane of the nitrile
groups, contained in some porous copelymers of acrylonitrile-divinylbenzene, followed by
the carboxymethylation of the primary amine groups to prepare chelating ion exchangers. The
influence of porogen nature, monomers dilution and crosslinking degree on the properties of the ion

exchangers was examined. Structural characterization, functionalization-morphology correlations,
the jon exchange properties, and potential applications for the ion exchangers thus prepared have
been discussed. Copyright ¢, 2006 John Wiley & Sons, Ltd.

KEYWORDS:  macroporous anion exchangers; porogen; jon exchangers; svrithesis; monomers

INTRODUCTION

Organic fon exchangers in bead form are still the most widely
utilized materials in the purification, concentration and
separation processes of inorganic and organic ions in many
fields of science and industry.™® Commen ionic functional
groups are strong acid, weak acid, strong base and weak base;
amphoteric ion exchangers, containing both base and acid
functional groups, are effective in the separation of both
aons and cations, and chelating fon exchangers bind mainly
cations by stronger bonds than the electrostatic ones. Their
synthesis is performed either by the copolymerization of
maonomers contamning preformed {onic or jonizable groups, or
by polviner analogous reactions on non-ionic crosslinked
copolymers. In these investigations, some synthetic weak
and strong anion exchangers have been obtained bv
polymer-analogous reactions performed on either porous
styrene-divinylbenzene (S-DVB} copolymers'''* or porous
acrylomtrile-DVB (AN-DVB) copolymers.’?™

A special concern has been lately focused on the
‘preparation of macroporous strong base anion exchangers
(SBAEs) effective in the enrichment process of U by
chemical exchange in the UUV)-UVD system. ™' A high
permanent porosity, a good stability of the resin in HCY with

“Correspondencs tor B0 S Dragan, “T. Pont”’ Institute of Macro-
molecular Chemustry, Aleea Gr. Gluca Voda 41A, 700487-1asi,
Romama

E-mail: sdragand@icmppre

Papers presented at the 15th International Symposium on Fine
Chemistry & Functional Polymers (FCFP-XV) & TUPAC 1st
mternational Svmposium on Novel Materials and Synthesis
(NMS-1) held at Fudan University, Shanghai, China, 17-20
October 2005,

concentrations up to 8 N, a thermal resistance up to 150°C at
least and a high mechanical strength are requested for this
purpose. Connected with this direction, the adsorption
properties of the SBAE for the uranvl chlorocomplex ions
have been investigated. In previous work, the preparation
of some macroporous S-DVB copolymers by employving
2-cthyi-1-hexanol 2EH) as a porogen, at a high dilution of
monomers (D 2z 0.55), and their subsequent transformation in
macroporous SBAEs with a mean pore radius higher than
50nm and a good thermal and mechanical stabilitv.* These
resins showed a moderate adsorption capacity for the urany!
chlorocomplex ions, because of a low ion exchange capacity
correlated with their very high pore volume. Therefore, in the
present study. the characteristics of the starting macreporous
S-DVB copolvmers synthesized in the presence of n-butvl
alcohol (NBA) as porogen and those of the SBAEs derved
therein will be correlated to identify the possibilities to
improve the adsorption capacity for uranyl chlorncomplex
ions. The solubility parameters, §, of 2EH and nBA, were
compared first, their valies heing 194 (MPa)'/? and 233
(MPa)"%, rospectively.”” The values of (8,33 where
8§ =18.60 (MPa)/= Y corresponds to the $-DVB copohmer.
which gave infm'mnhon é\b(}llr ::h(t‘ Sol'uah'ng P()\Né‘l' of a
certain solvent for a polvmer” are 064 and 2209,
respectively, The higher value of (3;—320 15 expected to
determine a higher porosity at a lower monomer: dilution,
when nBA iz used as a porogen’® Paraformaldehyde
(CH,0),./rimethvlchlorosilane (TMCS) in the presence of
Fe(l; as catalyst, in CHClz as a reaction medium was used tor

T dwiaLey .
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the chloromethvlation of macroporous S-DVB copolymers.
This rcagent has been utilized first for the chloromethylation
of linear polvmers'® and recently for some macroporous S-
DVB copolymers prepared in the presence of 2EH as
porogen.’* Macroporous SBAE with diethyl 2-hydroxyethy]
benzylammonium groups were obtained by the amination
of the chioromethvlated S-DVBE copolvmers with diethyl
2 hvdroxvethvlamine (DEHEA).

Among, the weak base anion exchangers (WBAEs), those
bearing prumary amine groups are of a great interest due to
their high reactivity, which offer a good chance for various
post-derivatization reactions. However, jon exchangers with
primary amine groups are difficult to obtain by chemical
reactions on S-DVB copolvmers. Hofmann degradation of
the amide groups contained in a crosslinked copolymer of
acrylamide (AA), according to the method employed by
Tanaka and Senju for the preparation of poly(vinylamine)
from polyacrylamide,®” has been already used to prepare
WBAEs with vinylamine units.”! WBAEs with aminoethy-
lacrylamide units were generated in this study by the
aminolysis-hvdrolvsis  reaction  with  1,2-diaminoethane
(EDA) of the nitrile groups, contained in some porous
AN-DVE copelvmers, according to the method previously
established for polyacrylonitrile (PAN)* and applied by
others.®® A large number of studies about the synthesis and
characterization of the selective chelating ion exchangers
with wide applicability in the removal of toxic metal and
complex ions from industrial effluents, as well as in metal ion
recovery processes, were lately achieved.*”? Therefore,
anion exchangers with primary amine groups were further
post derivatized by a carboxymethylation process with
CICHCOONa (NaMCA) to prepare porous chelating ion
exchangers (CIES) with iminodiacetic functional groups.

Fouricr transform infrared {FT-IR) spectroscopy, solvent
uptakes, morphological characterization in the dry state and
ion exchange capacity measurements were used in order to
obtain deeper information on the structural changes which
occur by the chemical reactions on the earlier mentioned
copolymers. The adsorption capacity for uranyl chlorocomplex
ions of the SBAEs, and for Cu®* of the CIEs was also examined.

EXPERIMENTAL
Materials

Styrene, technical grade (99% purity) was distilled at 400 Pa
before use. DVB, technical grade (54.5% o-DVB, m-DVB,
p-RVB, 36.2% ethylstyrene and 9.3% inert compounds, by gas
chromatagraphv) was distilled at 400 Pa betore use. Benzoyl
peroxide (BPO) was emploved as a radical polymerization
initiator for all copolymers after two times recrystallization
from methanol. Toluene and nBA used as porogens were
reagent grade and used as received. 2EH technical grade was
distilled at 1835 C and 101.3 x 10°Pa. Gasoline with a
distillation range, f;=110=130"C, at 101.3 » 10° Pa ‘was used
as received. (CH,0),, technical grade, was used as received.
FeCly and TMCS from Fluka Chemical Co. (Buchs,
Switzerland) were used without further purification.
Chloroform, distilled at normal pressure after washing three
times with water and drying for 48 hr on Na,50y, was used as
solvent. DEHEA, purchased from Fluka Chemical Co.-

Copvrght o 200 John Wilev & Sons, Lid,

(Buchs, Switzerland), was distilled at 400 Pa before use.
Acrylonitrile, technical grade, was distilled at 76-77 C,
1013 % 107 Pa. EDA was distilled at 125°C, 1013 .10°Pa
before use. NaMCA was prepared by the reaction between
the monochloroacetic acid and NaOH in ethanol.

Methods
Macroporous S-DVB copolvmers, as finelv divided beads
with diameters within the range 90-200 pm, were prepared
by the suspension polvimerization method. The organic
phase was added in a volume ratio of 1:2.3 to the aqueous
phase which contained 0.2% ammonium salt of stvrene-
maleic acid copolymer, 0.2% food grade gelatine and 2%
Na(l, prepared in a four-necked reaction reactor (1000 m])
fitted with a mechanical stirrer, condenser and thermometer.
The stirrer speed was kept at around 320 rpm in order to
obtain at least 90% beads with diameter within the range 90-
200 pm. The polymerization was allowed to proceed at o0, 80
and 85°C for 1, 10 and 3hr. respectively. Afterwards, the
copolymer beads were filtered and sicved under water, and
finally washed with warm water to remove the dispersing
agents. The removal of porogen was performed by static
methanol extraction as previously shown in the literature.'?
Nominal cresslinking degree of copolymers was taken as
the DVB content in the monomers mixture. Dilution of the
monemer mixture, D, was calculated as the ratio between the
volume of porogen (Vp) and the volume of the whole orgénic
phase (V,, + V), [D~ Vp/(Vi, = Vel

A mixture of commercial (CH-0), and TMCS in an
equimolar ratio, as chloromethvlation agent, and FeCly, 2y
catalyst, were used for the chloromethvlation reaction in
CHCla as a reaction medium, at 50 C. Chioromethvlated
copolymers (CMC)  were

separatec from  the reaction
mixture, washed three times with methanol. tvo times with
water /methanol (1:], v/v) and finally with methanol. CMC
samples were dried at 40 C for 48 hw and then characterized
by total chlorine content, Schémiger method, and morpho-
logical characteristics, as will be described later. Synthesis of
SBAEs was performed by the reaction of the CMC samples
with DEHEA in water N N-dimethylformanide (DMF) as a
reaction medium at 60°C, at an amine/Cl ratio of 2:1, for
10hr. Afterwards, the anion exchanger samples ivere
separated by filtration from the reaction mixture, washed
two times with water and then quantitatively collected and
kept under water.

AN-DVB copolymers were prepared in the presence of
three porogens: gasoline with #=110-130°C. tolueng and
2EH by a suspension polvmerization method, as follows:
ratio between the aqueous phase to organic phase was 2:71;
temperature regime was 2 hr at 60 C, 3hr at 70 C and 3hr at
85°C. The copolvmer fraction with bead sizes in the range
0.35-1.00mm  was selected, porogen was removed by
extraction with methanol and PAN Jikely to be formed in
this monomer mixture was removed with DMF, 24 hr. Finally,
the AN-DVE beads were washed with methanol and dricd at
room temperature, 24 hr and in vacuum at 50°C, 48 hr. Anion
exchangers with primary amine groups were obtained by the
aminolysis-hvdrolysis reaction of the nitrile groups with
EDA, 8hrat 118-120 C, at a molar ratio witrile/ EDA/H-0 of
1.10:2. The excess of EDA was removed by distillation,

Pelym. Adie. Tecloorn. 2006, 17: 571-378

DOL 10.1002/ pat



filtration and finally washing the beads with distilled water
up to the neutral pH. To prepare a CIE with iminodiacetate
groups, the ion exchangers with primary amine groups were
reacted with NaMCA, in aqueous medium, at 70°C and a pH
7.5-8.0, with Nal as catalvst. .

The anion exchange capacity was determined as pre-
viously shown after the regeneration of the anion exchanger
with NaOH 1mol/1."* Determination of cation exchange
capacity was performed as it has been previously shown.®
For the structural and morphological characterization in the
dry state, the anion exchangers were usually rinsed several
times with anhydrous ethanol and then left in iso-propylic
alcohol for 24 hr. Finally, the beads were rinsed three times
with anhvdrous methanol, dried in air at room temperature
for 24 hr and at 40 C under reduced pressure for 3 days.

The FT-IR spectra were recorded on a DICILAB spec-
trometer Scimitar Series, USA, resolution of 4em™, using
KBr pellets. The solvents uptake coefficients were deter-
mined by centrifuging samples at 500 g after an immersion
for 48hr in the appropriate solvent. The apparent density
() was dJdetermined using a mercury pvenometer at
1333 « {077 Pa. The real density (p) was measured in
n-heptane The specific surface arca (S,,) was determined
by the ritrogen adsorption at the boiling temperature of
fiquid nitrogen, by the Haul-Diimbgen method on a
Strohlein Area Meter apparatus. The average pore radius
was calculated using the following equation, cvlindrical
shape of pores being assumed:

Fo = (2Vp/Ssp) x 10%(nm)} 1))

where V,, = (1/p,p) = (1/pp), pore total volume (in em?/g).
Sorption capacity for the uraiyl chlorocomplex ions was
performed as previously shown ™™ Study of the metal
ion retention properties of the chelating ion cxchangers
was done using batch equilibriumm procedure. Thus, agueous
metal jon solutions (100ml) with different concentrations
were treated with about 2.0g of ion exchangers at room
temperature. The metal ion solution was CuS0, - 53H,O with
different concentrations. The pH of the metal-ion solution
was adjusted before equilibration over a range of 3 to 6 witha
citrate-phosphate buffer solution. The resin was filtered off,
and the concentration of the metal ion remaining in the
filtrate was measured by UV-vis spectroscopy at 775 nm (that
was the maximum absorption wavelength of CuSQy). UV-vis

Organic ion exchangers as beads 573

spectroscopy was performed on a LV-vis Specord M42 Carl
Zciss Jena, Germany,

The concentration of metal ion bound was calculated with
eqn (2™

Metal ion bound — i8S ~ S,V /(W x 10000, (2)

where 5y and § are the concentrations of the metal ion in
aqueous solution (in mg/]) before and after the interaction
with chelating resin, respectively, V is the volume of the
aqueous phase (in ml) and W is the amount of the dry resin
(in g).

'RESULTS AND DISCUSSION

Macroporous strong base anion exchangers'

with N,N-diethyl 2-hydroxyethyl
benzylammonium functional groups
Mm‘plmlogical characteristics, pore volume, VP, specific

surface area, S.,, and mean pore radius, 1, of some

P
macroporous 5-DVB copolymers, synthesized in the pre-
sence of nBA as porogen were collected and the results are
shown in Table 1.

As Table 1 shows, at the same crosslinking degree, the
pore velume, Vi, increased, with the increase in dilution.
The specific surface area, Sqp, decrrased and the mean pore
radius. rp, increased with the increase in dilution. At a
constant dilution, the pore volume, V,,, increased, the surface
area, Syp, increased tou, and the average pore radhus, Y
decreased with the increase of the nominal crosslinking
degree, as expected. The earlier mentioned copolymers were
used in the preparation of some SBAEs, the first step being
the chloromethylation with (CH,O),/TMCS in the presence
of FeCly as catalyst, first at a molar ratio of 1:8:8:05,
styrene /(CTLO,, /TMCS/FeCls, in CTICI; as a reaction
medium, as has been described in detail elsewhere.'?

Table 1 shows that some morphological changes oecur in
the chloromethylation process. Thus, the pore volume, V,,,
decreased, the specific surface area, S, increased and the
mean pore radius, rp, decreased, and all these changes show
that further crosslinks were generated most probably by the
sclf-alkylation rcaction as a side reaction.’” To optimize the
chloromethylation process with this new chloromethylation
agent, some further investigations were necessary.:*' Thus, it
was observed that the decrease of the catalyst content has a

Table 1. Morphological characteristics of the starting S-DVB matrix and the corresponding SBAE

DVB/diution Transformation stage Vi (mi/ gh Sep ! misgh 7y (nm)
8144 Starting copolvmer 1.035 235 38.1
(G la 0.814 78 208
SBAE 1.03 261 79
8044 Starting copolymer 1.035 235 861
CMC? 0.956 428 48.9
SBAE 1164 2675 ' h
w414 Starting copolymer 1.3472 13.5 1996
SBAE 1.2514 ) 7.3 343
10:0.44 Starting copolymer 1.1707 41.1 364
CMC 0.5451 52 20.9
SBAE 11316 40.2 36.3

- " FeClay styrene = U.5:1, molar ratio.
_ PFeCl,/styrene = 0.1:1, molar ratio.

Copvrighl o 2000 fohn Wilev & Sems, Lid.
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positive influence, reducing the impact of the chloromethy-
lation step on the morphological characteristics of the
starting S-DVBE copolvmer. The. influence of the FeCls/
styrene molar ratio on the morphology of the chloromethy-
lated copolymer can be seen in Table 1, where two samples of
CMC derived from the copolymer with 8% DVB and
D=044ml/m] and functionalized with 0.5:1 and 0.1:1
FeCls/styrene molar ratio are included. A lower S, and a
higher 1y, are observed for the lower catalyst/styrene molar
ratio. Therefore, in the preparation of the SBAE a molar ratio
of 0.1:1, TeCls/styrene was used.

SBAEs were prepared by the reaction of CMC with
DEHEA, according to Scheme 1.

A particular aspect of the SBAE included in Table 1 is that
the morphological characteristics, VI,, Ssp, and Vs of the final
resing are comparable with those of the starting S-DVB
copolymers.

Functional characteristics of some SBAESs, as a function of
the nominal DVB content, are presented in Table 2. The
values of the jon exchange capacities are in good agreement
with the high porositv of thesc anion exchangers, a higher ion
exchange capacity being observed when the DVB content of
the starting copolvmer wag jower. Table 2 includes also a
SBAE sample prepared in the presence of 2EH as poragen,'?
and a comunercial anion exchanger having a swelling
porosity,* for comparison.

Table 2 shows that at a lower jon exchange capacity,
corrclated with a higher permanent porosity, a lower amount
of uranium was adsorbed. As Table 2 shows, even if the ion
exchange capacity of the resin Dowex Marathon is much
higher than that of the macroporous SBAE derived from the
copolvmer prepared with nBA as porogen, the difference
between the adsorption capacity values of uranium is not so
high. This shows that both the permanent porosity and the
structure of the functional groups must have a contribution,
A study on the influence of the functional group and of the
temperature on the adsorption capacity of uranium will be
presented m a forthcoming article.

Table 2, Functional characteristics of the SBAEs

Weak base anion exchangers with 2-
aminoethylacrylamide units and chelating

resins derived therein

Solvent regain for some AN-DVB copolymers prepared in
the presence of gasoline with f; 110-130 C as porogen, at a
constant monomer dilution, D =0.15ml/ml, were plotted in
Fig. 1. The influcnce of the monomer dilution on the solvent
regains, at a constant crosslinking degree, 10% DVB, when
toluene and 2EH were used as porogens, can be observed in
Fig. 2.

As Fig. 1 shows, the AN-DVB copolymer, with the highest
content in AN (6% DVB), has the highest values of solvent
regain, for both solvents (cvclohexane and toluene). These
results were explained by the higher swelling in DMF of the
copalymers with a lower content in DVB. The good solvent
(DMF), used in the extraction step of the soluble PAN from
the AN-DVB copolymer, was replaced from copolymer with
methanol, which is a non-solvent for both the PAN sequences
and the aromatic components. Thus, the swelling porosity

0.30- -
i"‘ocx:
~o—Qr |
0.25 b
Xy
o G101
& 0.204
g ——————
o
0,15
0.10

4 6 8 10 12 14 16 18 20 22
% DVB

‘Figure 1. Solvent regains as a function of DVB content of the

AN-DVB copolymers prepared in the presence of gasoline
with {;=110-130 C as porogen. at a dilution of monomers of
0.15mi/mt: cyclohexane, Qey. and toluene, Q+.

lon exchange capacit\'

SBAE based on 5-DVB

Uranjum sorption

copotymer, DVB/dilution/porogen (mey/ml) fmeq/g) capacity g U/g of dry resan)® Pore volume tml/g)
10:0.35.2EH 0.325 142 31.90 1.39

8044 nBA Q.61 173 te i l.ing
10:0.44:1BA 0.352 1.581 — 1.131

Davwes Marathon® 1.1 — 194.32 Swelling porosit

'ncluded tor comparison.
® According to refs 12 and 25,

Copyright « 2006 John Wilev & Sons, Lid,
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Figure 2. Solvent regains as a function of the monomer
dilution of the AN-DVB copolymers prepared in the presence
of toluene and 2EH as porogens, at a nominal crosslinking
degree of 10% DVB: cyclohexane, Q cx, and toluene, Q1. The
inset: porosity of the same AN-DVB copolymers.

was completely precerved.!! After about 12% DVB, the
swelling porosity had a lower contribution. The higher
values of Op compared with Q,, at higher crosslinking
degree, are explamed by the increase of toluene affinity for
the copolvimers with a highér content in aromatic com-
ponents,

Figure 2 shows higher solvent regains (Qcy and Qy) of the
AN-DVB copolymers with 10% DVB when 2EH has been
usad as a porogen comparative with toluene, at the same
dilution of monomers. This shows a higher solvating power
of toluene than of 2EH, because of the presence of DVB and
ethylstyrene as comenomers in this matrix. These results are
supported by the porosity values (the inset of Fig. 2).

WBAESs with primary amine groups were prepared by the
reaction of AN-DVB copolymers with EDA, in the presence
of water, according to Scheme 2.

The first information about the transformation of the nitrile
groups into 2-aminoethylacrvlamide groups were supplied
by FI-IR spectra. As Fig. 3 shows, the characteristic band of
the nitrile groups from 2243 cm ! diminished, but it is still
present atter 8hr of reaction with EDA of the AN-DVB

b CH,— CHIH CH, —CHA e =

i

£,

P
16
S

N CN
|

\

— e
N

< CHy=CH

G CHy CHYCH,
T

o

g N
----- CHy—CHl ((!7}43_,)2

NH,
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60 PEATUSR) 1 T rr—
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Figure 3. FT-IR spectra of the WBAE comparative with the
starting copolymer with a nominal crosslinking degree of 12%
DVB and a monomer dilution of 0.15mi/ml. gasocline as
porogen.

copolvmer with 12% crosslinking degree. The new bands at
1639, 1568 and 1291 cm ' have been assigned as follows: the
stretching vibrations of the C=0 bond (amide 1 band),
the deformation vibrations of the N<H bond (amide I band),
the O-C-N bond (amide 11l band), respectivelv.

After 10hr of reaction the ion exchange capacity slightly
increased, but the characteristic band of the nitrile groups
was still present.

Anion exchange capacitics, both volumetric (C.} and
gravimetric (Cy:), as a function of the starting copolymer
structure, are plotted in Fig. 4. .

Gravimetric ion exchange capacity, C,,, is correlated with
the content of ionic groups in the dry state of the anion
exchanger, which intimately depend on the AN content in
the starting copolymer. As Fig. 4 shows, C,, continuously
decreased with decreasing AN content. However, C,, also
depends on the content of ionic groups, but furthermore is
correlated with the abilitv of the anion exchanger to be
swollen in water, usually slightly increasing with the
increase of the crosslinking degree. The valucs of C:“L: in
Fig. 4 show a slight increase with the increase of DVB from

H-O
HNe— CH,==CH,  NH N
) ) . ~ NHy

TR —

Scheme 2.
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Figure 4. lon exchange capacities of the WBAEs derived
from AN-DVB as a function of DVB content; gasoline with
t:=110-130 C was the porogen, at a monomer dilution of
0.15 mi/ml.

6to 127 and a plateau up to 206 of DVB after that, and thus
contirming our expectations,

AsFig. 5 shows, the trend of the porosity, indicated first by
the solvent regain of the starting copolymers prepared in the
presence of gasoline as porogen (Fig. 1), was confirmed by
the porosity values as a function of the nominal crosslinking
degree, an abrupt decrease being observed with the increase

304
-~ starting copolymers
. -~ anion exchangers
25+
] -
& 4 \:
et e
154
104
54
o - L i U T 1
5 10 15 20 25

% DVB

Figure 5. Porosity of the WBAES derived from AN-DVB as a
function of DVB content; gasoline with {;~110-130°C was
the porogen, at a monomer dilution of 0.15 mi/ml comparative
with the starting copolymer.

b CH = CH3ACH,—CH 3=
|

[Cﬁ (‘ =0

i
N NH
i
Cl—CH (CHa),s
ot e
{ i
' NH:

+ 2 CICH, COONu

pH -~ 7.5-8.0

of DVB content from 6 to 10% and a monotonous, but slight
decrease, after that,

A different behavior was observed for the corresponding
WBAE. The absence of a permanent porosity for the anion
exchanger derived from the copolymer with 6% DVB can be
observed, followed bv a fast increase up to about 12% DVB
and a slight decrease after that. The anion exchanger samples
used for the determination of porosity have been dried by
heating the samples at 105°C, up to a constant weight, Watgr
is a good solvent for the anion exchangers and therefore a
collapse of their structure occurred at o low content of tlie
crosslinker. Such anion exchangers seem to become perma-
nently porous only after 12% of DVB.

To obtain CIEs with iminodiacetic groups, the post-
derivatization of the primary amine groups by the reaction
with NaMCA was performed in the present study, according
to Scheme 3. ' ‘

To monitor the progress of the nucleophilic substitution
reaction, the ratio between the ionic chlovine content found at
a given moment, and the theoretical value expected for a
complete transformation of the primary amine groups intoe
tertiary amine groups (Scheme 3) was tollowed, this being
considered the transformation degree {w). In Fig. 6 is plotted
the transformation degree (o) of the primary amine groups
into iminodiacetic groups, as a function ot the reacton
duration (hr), anion exchanger based on the copolviner with
12% DVB and gasoline as porogen, at a monomer dilution of
0.15ml/ml. By using Nal as a catalvst, the reaction was
complete in about 9hr, because an interhalogen exchange
occurred in this case.

The FI-IR spectra of the WBAE svith primary amine
groups and the corresponding CIE are shown in Fig. 7
Besides the characteristic bands of the secondary amide
{1640, 1291 ¢cm™Y), the new bands at 1452 and 1394 em™,
assigned to carboxylic groups, were observed in the FT-IR
spectra of the CIE.

Meatal complexation  capacities of two CIEs. whose
characteristics are presented in Table 3, are illustrated in
Fig. 8 as a function of the initial concentration of CuSQy.

A monotonous increase of Cu” ' retention was observed for
the resin with the higher ion exchange capacity and a lower
porosity. However, the adsorption capacity of the resin with
the higher porosity (CIE2, Table 3) was less dependent on the
injtial concentration of the metal solution, but increased
significantly after 48 hr (results not shown here).

The inset of Fig. 8 shows that the adsorption results
obtained with the resin CIE1 obey the Freundlich isotherm,

b CHA == CHIACH e CH A 2 NaCl
(’(/-\\} e
) -
----- (Hay = Cl (CHs
CCHLCOON
oM

NCH R OONy

Scheme 3.
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Figure 6. Transformation degree of the primary amine
groups into iminodiacetic groups: starting copolymer: with
12% DVB and a dilution of 0.15mil/ml, gasoline with
t= 110~130 C was the porogen.
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Figure 7. FT-IR spectra of the anion exchanger with primary
amine groups prepared by the aminolysis-hydrolysis of the
AN-DVB copolymer with 12% DVB and a dilution of 0.15m¥/
mi, gasoline with  =110-130 C as porogen (—), and of the
corresponding chelating ion exchanger {----).

eqn (3%
log g. = log ke + (I/n}log Ce (3)

where g, the amount of metal adsorbed at equilibrium
tin mg/g), A and n are Freundlich constants and C, is the
equilibrium concentration Gn mg/D.

The Cn*" retention continuosly  decreased with  the
increase of pH from 3 to & for both CIE resins, as Fig. 9
shows. It seems that the optimum adsorption pH of Cu®™ is
located between 2.0 and 3.0.

Table 3. Characteristics of the CIEs
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Figure 8. Cu”? retention as a function of the structure of
the CIE and the initial concentration of the metal solution. The
insel: Freundlich isotherm for the CIE with 12% DVB and a
monomer dilution of 0.15 mi/ml.
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Figure 9. The influence of the solution pH on the Cu®~
retention at an initial Cu?~ concentration of 5 » 10" mg/l.

CONCLUSIONS

The synthesis and characterization of some porous ion
exchangers, by less used strategies, were examined in ths
work as follows:

» SBAEs with N ,N-diethyl 2-hydroxyvethvl \'inylbenzyllam
monium chloride units and a mean pore radius in the
range 30-80nm were prepared by the chloromethylation
of the macroporous S-DVB copolymers, obtained in the
presence of nBA as porogen, with ajess used chloromethy-
Jation agent, (CH20),,/(TMCS), in the presence of FeCls as
catalyst, followed by the amination with DEHEA;

WBAEs with 2-aminoethvlacrylamide units were obtained

by the aminolvsis-hvdrolvsis reaction of the nitrile groups

Sample DVB (%) Porogen D (mi/mb P (%) Ceo tmeg/ml) Cog tmeg/g) QO ts/g)
CIE1 12 Gasoline, f{ 110-130°C 0.15 3 1.87 4.97 0.755
CIE2 15 Toluene 0.47 35 1.106 2807 ——

Capvright « 2006 Tohn Wilev & Sons, Lid.
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contained in AN-DVB copolymers prepared in the pre-
sence of three porogens (toluene, gasoline and 2EH) with
different solubility parameters;

CIEs with iminodiacetic groups were generated by the
carborymethylation of the primary amine groups with
NaMCA, in the presence of Nal.

sorpton capacity of Cu®™ of the CIE was influenced by the
porosity of the resin and the solution pH.
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