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Como resultado de! examen de fondo, realizado con fundamento en el articulo 45 de
la Decisidn 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 2008-03-26
Folios 84-93 2008-05-28
Folios 96-105 2009-07-15

Prioridad: AU 2006905249 Folio 1 2006-09-21
2. Objeto de la invencion

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

Objeto de la_invencién: El objeto de la presente solicitud de patente de invencion se
refiere a una resina qué es un copolimero de un poliestireno y un polimero no
estirénico, en donde el polimero no estirénico incluye la subunidad de formula (1):
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Bl problema téenpice planteado en |la presente solichud de patente radica en la
necesidad de disefiar una resina de intercambio |énico que sea utilizable en procesos
de resina en pulpa en términos comerciales y que sea capaz de adsorber
preferiblemente metales valiosos y al mismo tlempo tener una resistencig
hidromacénica apropiada y una buena durabilidad, de mode tal, que 2e puada utilizar
repetidamente en los equipos de procesammnio de pulpa. Fara solucionar ase
problema téchico la presarnte solicitud plantea una resina guse es un copolimerp de un
poliestireno y un pelimero no estirénice, en donde el polimero no estirénice Incluye la
subunidad de formula (i),

E! objeto de ia pressnte Solicliud se relaclona een la Glasificasien Internacional de
Ratentas (CIR): COBL 26/12.

3, Analigis de la Prigridad

Se acepta la reivindicacion de Prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 8 D 486), y su cantenide técnico corresponde con el de la
prioridad relvindicada,

4. Ds |2 galigitud de Patents

3 (arileule 30 D 486)

Et capitulo reivindieaterle se consldera una generalidad que no se encuentra
soportade en la descripeidn y que no permite definir especificaments el abjeto y el
alcance de la invencidn. 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 soportada en la descripcion.

En este sentido sirvase retirar frases y expresiones talas como “polimero no
estirénico, grupo enlazante divalents, al menos, aproximadaments, es menor, menes
del, por debajo, adicién dal agente alcalino a la fase liquida antss o durante el paso
de adsorcion” dado que son Imprecisas y no permiten definir el objeto ni el alcance
de la invencion espacificamente.

Asimisme s llama la atenclén del solicitanta frents a lae reivindicaciones 14 y 18, las
cuales no son claras y no dsfinen especificamente el sustituyente de poliestireno. El
solicitante debe presentar de forma clara y especifica la estructura de |3 resina de
interés. Ahora bien, sirvase definir y aclarar ias estructuras N y S 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 reivindicacion
se aclara el significado de R. Sirvase corregir.

Por ultimo, no encuentra evidencia técnica suficiente para suponer gue la
generalizacion raclamada pueda temer el mlsmo comportamiento que muestra la
particuiaridad ensayada. E! solicitante debera limitar el alcance de la invencién ¥
definir la resina y el método da interés.

En congsecuencie, ei capltulo reivindicatorio no cumple con el requisite de concision,
claridad y sustento en la descripcién de acuerdo al art. 30 de la Decisién 486,
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La desoripeian resulta sgr inauficiente para el amplia aloanee gue tiene ! capitulo
reivindicaterio. 8e le recuerda al solicitante que la deseripalén dabe ser una
divulgacion suficiente y adecuada para la materia que se ests reclamando, pero el
alcance de la misma va muyche mas alld de aquells materia que se encusntra
enteramente soportada en la deseripcion. En ese sentido, esta Oficina considera que
no se encuentra suficignte soporte técnico en la descripcidn para reclamar una
extrapolacién tan amplia a partir de estudios tan puntuales. El solicitante debe limitar
el alcance de! capitulo reivindicatorio,

Por Io tante, la descripeidn no oumplié ecn el requisito de claridad /o divuigagian
completa de asuerdo al art, 28 de |a Deoclsidn 486 y al art. 22 de! Tratado RPCT.

8 Reterminagidn de! Estado de ia Téenlca

Considerando que la fecha de s priorided de la soligitud internaclonal PCT es
2006-08-21, se realizd la busqueds en ei estado de la téenica y se encontraron los
documentos relacienades a continuacién, que pueden afectar la patentabilidad del
objsto de la presente solicitud:

: _ SV S —— — S o
B " <
N éocumgnf.o ) T!tf:.io publicacion _

D1 WQ2004098775 Aresin and process for extracting non-ferrous metais 2004-11-18

~ Qrganic ion exchangers as beads. Synthests,

char. izati licatior
D2 XPOUB108572 characterization and applications 2006-06-08

Rolymars for advanced technologies, 20060801 WILEY
& SONS, BOGNOR REGIS, GF - IBGN 1042-7147

El soficitante podrd sonaultar ¢! decumento cltade en lp slawisnte URL:

_Hufﬂg.@wﬂ Legnaganal.conyhuhlicalion Releleitlip IDRREPQRACAIRDEND R ad/acontelus dloopiasen_ERAFT=04dRte
220041 11885 CeWRANRE20080087 158 1EKCeA T " .

02 anexado &/ expsdiante

El documento D1 hace referencia @ una resina de intereambio iénico adecuada para
la hidroextraccion de metales no ferresos a partir de materia prima como pulpas,
entre otras, que tiene la estructura:
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El dooumente D2 hace referencla a la preparacion de Intercambiadores aniénicos
basados en subunidades de N N-dietil-2-hidroxietil bencilamonio eloruro y a la
preparacion de intercambiadores aniénicos 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-divinitbenceno, seguido por la
carboximetilacion de los grupes de amina primaria para preparar iones quelantes
infercambigdores.

8. Examen de patentabilidad (artieulo 14 D48B)

vantive (aroulo18 DASE)

Le solicltud de patents en astudio presents en la reivindicasion 1 una resina ta cusl
es un copolimero de un peilestirenc y un polimaro no estirépico, en donde el
polimero no estirénico incluye la siguiente subunidad contentiva de acetato;

, B3
/';? OrlyCOET K

£,
ol -
Nl 0

SHy = GO0 X

B~

f2n dende Rb a8 un grupo enlazante divalente: Rd es NH, NR, © ¢ ausents.

Comparacion de las caracteristicas téeniocas esenclales, con 1as del Estado de la Téenica:

e e BTACISTIE0S @neTicialagT T R Skt " A
una resina la cual es un copelimero de un | Una resing 18 GUa| 8¢ Un copolmera ae un | THercamblanores Bnicos estrans. =~
oilestireno v un polimers no estirdnico, poliestirens y un gollmerae no estirénica, divinilbanesno guo Incluyen
en donde e! polimero no estirénico incluys | 80 donde ol polimero no estirénico ingluye . o
la siguiente sybumidad cortentiva de | 18 sigulante subunidad: v CHam=CHP( CHy-—CH = oo
acetato: .
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Et documente D2 se conslderan el estado de |a técnice cercane a la Invencién
definida en la reivindicacién 1 porque divuiga a una resina de intercambio idnico
adecuada para la hidroextraccion de metales no ferrosos a partir de materia prima
como pulpas, entre otras, que tiene la estructura:
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Especificamente, s resina de intgrsambie ldniee de B1 es Ul en procesos
hidrometalUrgices para a extraceidn de metales no ferreses a parir de materia
primas, tal como pulpas. Dicha resina puede ser utilizada para extragr metales no
ferrosos como niguel, cobalto y cobre.

La resina divulgada en el documento D1 es especialmente estable en el proceso de
extraceion de metaies no ferrosea, ofreciendo iguaimente una glta selectividad de los
mismos.

La resina del documente D1 diflere de la resina de esta invencion en el radical
derivade de acetato en el sustituyente de formula (1) tal como lo muestra la tabla
anterior.

No obstante, dicha diferencia ne parece provocar ningin efecto técnico inesperade o
sorprendente dado que se slgue obteniendo una resina de intercambio iénico util
para procesos de extraccién de metales no ferrosos (Ni y Co) desde pulpas, gue son
especialmente estables y selectivas.

De este modo, el Problema Téenico Objetive que pretende resalver esta invencién se
puede formular asl: jeémo modificar la resina del documento D1 para abtener una
resina de intarcambio idnico alternativa?

8in embargo, la inclusidén de un radical acetato en resinas de intercambio i6nico
basadas en copolimeres de estireno ya se habla sugerido desde el documento D2 el
cual presenta una sustitucion de acetato en la amina terciaria de una resina analoga.
Por lo tanto dicha medificacién seria obvia para una persona medianamente versadg
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 ténminos de algura
mejora frente a la resina conccida desde D1, s concluye gue |a resina de interés es
una alternativa evidente a partlr del estado del arte citade que no proveca ningin
efecto inesperado o sorprendente y carece de nive! inventivo. Analogamente el
proceso de la reivindicacién 31 tampoco tiene nival inventivo.
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7. Genclusian

Los requisitos de patentabilldad de la presente solicitud se encuentran afectados asi:

N°  Doocumento N° Reivindicaciones " Requisito que afecta
o afectadas _ _

D1 WO32Q04098775 1-45 Nivel Inventiva

p2  XPoosioest2 {.45 " Nivellnventivo

En cumplimiento del articulo 45 de la Degisitn 488 de la Comisién de la Comunidad
Andina, s¢ le indica que debe dar respuesta dentro de! término de sesenta dias
cantados a partir de la fecha de notificacion de la presente comunicacién, En caso de
no dar respuesta al presents requerimiento ¢ si a pesar de ia respuaesta, subsistieran
los impedimentos para la concesion, se denegaré la patente.

Notifiquese el presente oficio conforme & lo dispuesto en el numeral 5.2, literal e), del
capitulo guinto del titulo primero de la Circular Unica N° 10 de 2001.

"

—_—
JOBE LUIS SALAZAR LOPEER

Dlreotor de Nuevas Creaelones (G)

El anterior requerimiente fus notificado por fijacién en lista, de fecha

~¢ 800, 2012
Elebord: 8andra |sabel Calderan 0‘[

Ravise: Jaggualing Alfensa
Aprabd: Jose Lule Salazer

Expedianis 09-31168 1er gt 45



POLYMERS FOR ADVANCED TECHNOLOGIES

Polpn. Ade Teclmod 2008: 17: 571-378

Publizhed online 9 August 2006 in Wilev InlerSeience {(wwwintersclence.wiley.comi, RO 002/ pat. 755

Organic ion exchangers as beads. Synthesis,
characterization and applications'

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

“Petru Poni” institute of Magromoigeular Chemistry, 700487-iasi, Romania
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Two less explored strategies in the preparation of porous organic ion exchangers in bead form are
presenied,in this paper: the preparation of macroporous sirong base anion exchangers with N,N-

diethyl-2-hydroxyethyl benzvlammonium chioride units, a less explored chloremethylation reagent

of the styrene-divinylbenzene copolymers bieing used, and the preparation of anion exchangers with

primary amine graups by the aminolysis-hydrolysis reaction with 1,2-diaminoethane of the nitrile
groups, contained in some porous copolymers of acrylonitrile-divinylbenzene, followed by
the carboxymethylation of the primary amine groups to prepare chelating ion exchangers. The
influence of porogen nature, iInonomers dilution and crosslinking degree on the properties of the ion
exchangers was examined. Structural characterization, functionalization-motphology correlations,
the ion exchange properties, and potential applications for the jon exchangers thus prepared have
been discussed. Copyright [ 2006 John Wiley & Sons, Ltd.

KEYWORDS:  macropoerous anion ¢xchangers; porogen; ion exchangors; svnthesis; monomers

INTRODUCTION

Organic ion 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.'™® Common isnic functional
groups are strong acid, weak acid, strong base and weak base;
amphoteric fon exchangers, containing both base and acid
functional groups, are effective in the separation of bath
anions and calions, and chelating ion exchangers bind mainly
cations by stronger bonds than the electrostatic ones. Their
synthesis is performed either by the copolvmerization of
maenomers conteining preformed fonic or ionizable groups, or
by polvmer analogous reactions on non-ionic crosslinked
copolymers. In these investigations, some synthetic weak
and strong anion exchangers have been obtained by
polvmer-analogous reactions performed on either porvus
styrene-divinylbenzene {S-DVB) copalvmers™ ' ar porous
aczvionitnle-DVB (AN-DVE) copolymers,”™ ™!

A special concern has been lately focused on the
preparation of macroporous strang base anion exchangers
(SBAEs) effective in the enrichment process of “U by
chemical exchange i the UIVRUVD system ™' A high
permanent porogity, o good stabilitv of the resin in HCH with

“Corpreporzden, s ke B0 S Dragan, T Poni™ Institute of Macro-
molecular ¢ hemustee, Aleca G Ghica Voda 41A, 700457-1asi,
Romania.

E-mail: sdraganésicmpyparo

Papers presented al the [3th Inlernational Sympositm on Fine
Chemistry & Funchonal Polvmers (BCFP-XV) & [UPAC 15t
International Svaposium on Novel Materials and Synthesis
(NMSE-1) held at Fudan University, Shanghai, China, 17-20
October 2003,

concentrations up to § N, a thermal resistance up to 130°C at
least and & high mechanical strength are requested for this
purpose. Connected with this direction, the adsorption
properties of the SBAL for the uranvl chlorecomples ions
have been investigated. In previous work, the prepavation
of some macropurous 5DVE copolymers by emploving
2-cthyl-1-hevanol (2EH)Y as a povogen, at a high dilution of
moenomers (0 2 0.53), and their subsequent transformatinn in
macraporots SBAEs with a mean pore radiug higher than
50mm and a good thermal and mechanical stabilitv.'* These
resins showed 1 moderale adsorption capacity for the uranyl
chlorocomplex fong, because of a low ion exchange capacity
correlated with their very high pore volume. Therefore, in the
present study, the characteristics of the starling macroporaus
5-DVB copolymers synthesized in the presence of u-butvl
alcohal (nBA) as porogen and those of the SBAEs derived
therein will be correlated to identify the possibilities to
improve the adsorption capacity fur urany! chlorncomplex
iong, The solubility parameters, 8y, of 2EH and nBA, were
compared first, their values being 19.4 (uPa’? and 233
Pay s, wspo;‘lix-‘c:]\'.” Tiwe values of (ﬂ'{—‘S:):, where
87 = 18.00 (MPai'* ¥ corresponds to the S-DVE copolimer,
which gave information about the solvating power of a
cottain solvent for o palvmer,” are 064 and 2209,
respectively. The higher value of (3-8 is expecied o
determine a lugher porosity at a loveer monomer diluton,
when nBA is used as 2 porogen.'™ Paraformaldebvde
(CHON Arimethvichlorosilane (TMCS) in the presence of
FeClzas catalvst, in CHClz as a reaction medium was used tor

FWILEY .
. InterScience’
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572 E. S Dvagan ef al.

the chloroinethylation of macroporous 5-DVB copolymers,
This reagent has been utilized first for the chloromethylation
of linear polvmers' and recently for some macropotous S-
DVB copolvmers prepared in the presence of 2EM as
poragen.'? Macroporous SEAE with diethyl 2-hwdresyethy]
benzylammonium proups were obtained by the aminalion
of the chloromethviated S-DVB copolvmers with divthyl
Z-hydronvethvlamine (DEHEA),

Among, the weak base anion exchangers (WBAES), those
bearing primary amane groups ari: of a great interest due to
their high reactivity, which offer a good chance for various
post-derivatization reactions, However, ion exchangers with
primarv amine groups are ditficult to obtain by chemical
reactions on 5-DVE copolvmers. Hofmann degradation of
the amide groups contained in a crasslinked copolymer of
acrylamide {AAY, according to the method emploved by
Tanaka and Seniu for the preparation of poivivinylamine)
from polvacrylamide,®” has been already used 1o Prepare
WBAEs with vinylamine units.”" WEBAEs with aminoethy-
lacrvlamide units were gonerated in this study by the
aminolysis-hvdrolvsis  reaction  with  1,2-diaminoethane
(EDA) of the nitrile groups, contained in some porous
AN-DVE capolvimers, according Lo the method previously
established for polyacrylonitrile (PANY® and applied by
others.™ A large number of studies about the synthesis and
characterization of the selective chelating ion exchangers
with wide applicabilitv in the removal of toxic metal and
complex ions from industrial efffuents, as well as in metal ion
recovery processes, were lately achieved.'™® Therefore,
anion exchangers with primary amine groups woere further
post derivatized by a carboxymethylation process with
CICHCOONa (NaMCA) to prepare porous chelating ion
exchangers (CIE~) with iminediacetic finctional groups,

Fourivr transfoem infraved (FI-IR} spectroscopy, solvent
uptakes, marphological chazacterization in the dry state and
ion exchange capacity measurements weve used in order o
obtain deeper information on the structural changes which
occur by the chemical reactions on the earlier mentioned
copolymers. The adsorption capacity for uranvl chlorocomplex
fons of the SBAES, and for Cu® ™ of the ClEs was also examined.

EXPERIMENTAL

Materials

Styronu, lechnical grade (99% purity) was distilled at 400 Pa
before use. DVR, technical grade (534.5% o-DVH, w-DVB,
p-DVE, 36.2% ethylatyrene and 9.3% inert compounds, by gas
chromatographvi was distilled at 400 72 before use. Benzovl
peroxide (BIPO) was emploved as a radical polymerization
mitiator for all copelyiners 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 1003 x 10° Fa. Gasaline with a
distillation range, b= 110130 C, at 1013 » 10% Pa was used
as recerved. (CHR Oy, technical grade, was used as received.
FeCly and TMUS from Fluka Chemical Co. (Buchs,
Switzerland)  were used  without  further  purification.
Chiarnform, distilled at normal pressure after washing three
times with water and drying tor 48 hr on Na,50y, was used as
solvent DEHEA, purchased from Fiuka Chemical Co

Copvght 0 200 Johin Wialey & Sans, Lad

(Buchs, Switzerland), was distilled at 400 Pa before use.
Acrylonitrile, lechnical grade, was distilled at 76-77°C,
101.3 % 10" Pa. EDA was distilled at 123°C, 1013510 Pa
before use. NaMCA was prepared by the rexction bebween
the monochlaroacetic acid and NaOH in ethanol,

Methods

Macroporous S-DVEB copolymers, as finely divided beads
with diametors within the range 90=201) jim, were prepared
Ly the suspension polvmerization method. The erganic
phase was added in a volume rativ of 1:2.3 to the agqueous
phase which contained 0.2% ammonium salt of stvrene-
maleic acid copolvmer, 0.2' focd grade gelatine and 24
MNaCl, prepared in o four-necked reaction reactor {080 mD
fitted with a mechanical stirrer, condenser and thermometer.
The stirrer speed was kept at around 320 rpmin order Lo
obtaim at least 90% beads with diameter within the range 90-
200 pm. The polvmerization was allowed to proceed at 6f, 50
and 85°C for 1, 10 and 3hr. respectively, Afterwards, the
copolymer beads were filtered and sieved under water, and
finaltv washed with warm water to remaove the dispersing
agents. The removal of porogen was performed by static
methanol extraction as previously shown in the literature.”?
Nominal crosslinking degree of copolymers was taken as
the DVB content in the monamers mixture. Dilution of the
monemer mixture, £, was calcutated as the ratio between the
volume of parngen (Vi) and the velume of the whole organic
phase (Vo = V0, [D 0 Up/(V, = Vil

A mixture of commereial {CH-OY, and TMCS i an
equimolar ratio. as chloromethvlation agent, and FeCly, 23
catalvst, were used for the chioromethyviation reaction in
CHCl as a reaction medivm, at 530 C. Chicromethylated
copoiymers (CMCOY were separated  from the reaction
mixture, washed three times with metharol, two times with
water/methanel (1:1, v/v) angd finally with methanol. CMC
samples were dried at 40 C for 48 ir and then characterized
by total chlorine conlent, Schitniger method, and morphe-
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 (DM as a
reaction medinm at 60°C, at an amine/Cl ratio of 2:1, Tor
10hr. Afterwards, the anion exchanger samples were
separated by filtration frem 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: gasoling with ;= 110-130°C. toluene and
2EH by a suspension polvmerization method, as follows:
ratio between the agueous phase to organic phase was 2: 1;
temperature regime was 2hr at 60 C, 3hrat 70 C and Shr at
85°C. The copalvmer fraction with bead sizes in the range
0.35
extrachon with methanol and PAN Jikelv to be formed in
this monomer miniure was removed with DMF, 24 he. Finally,
the AN-DVE beads were trashed with micthanol and dricd at
room temperature, 24 hrand in vacoum at 50 C, 48 hr Anion
exchangers with primary amine grivips were ohlained by the

—1.00mm  was selected, porogen was removed by

anunolysis-hvdrely<is reactiom of Lhe nitrile groups with
EDA, Shrat T18-120 C, at a molar ratio witrile; EDA/H.O of
1.10:2. The excess of EDA was removed by dishllabon,

Polup Ans Fecleeol, 2006, 17, 371 378
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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 NaMOCA, w aqueous mediwm, at 70 Cand a pH
7580, with Nal as catalvst. ]

The anion exchange capacity was determined as pre-
viously shown after the regeneration of the anion exchanger
with NaOH 1 mol/1% Determination of cation exchange
capacity was performed as it has been previously shown.®
For the structural and morphelogical characterization in the
dry state, the anion exchangers were usually rinsed several
times with anhvdrous ethanol and then left in éso-propylic
alcohol for 24 hr. Finally, the heads were rinsed three times
with anhwdious methanol, dried in air at roow temperature
for 24 b and at 40 € ander reduced pressure for 3 days.

The FT-TR spoctra were recorded on a DIGILAB spec-
trometer Scimitar Series, USA, resolution of 4cm™!, using
KBr pellets. The solvents uptake coefficients were deter-
nined by centrifuging samples at 300 g after an immersion
for 48hr in the appropriate solvent. The apparent density
{oap) was determined using & mercury pvenometer at
1333 < 1077 Pa, The real density () was measured in
n-heplane The specific surtace arca (5., was determined
by the nitrogen adsorption at the boiling remperature of
liquid mtrogen. by the Haul-Diimbgen mwthod on a
Strahlem Area Meter apparatus. The average pore radius
was caleulated using the follesving equation, cvlindrical
shape of pores being assumed:

rp = 2V /Se) % 197 (nm) 1}

where V), =(17p,) — (17 g}, pore total volume (in cn13/g).
Sorption capacity for the uranyl chlorocomplex ions was
performed as previously shown 2 Study of the metal
ion retention propertics of the chelating ion exchangers
was done using batch equilibrium procedure. Thus, aquecus
metal ion solutions (100 mi) with different concentrations
were treated with about 2.0 of ion exchangers al room
temperature. The metal ion solution was CuS0Q, - 3H,0 with
differenl concentrations. The pH of the metal-ion salution
wis adjusted before equilibration over a range of 3to b with a
citrate-phosphale buffer solution. The resin was filtered off,
and the concentration of the metal ion reinaining in the
filtrate was measured by UV-vis spectroscopy at 775 nm (that
was the masimum absarption wavelength of CuS0,). UV-vis

Organic jon evchangers as beads 575

spectroscapy was performed on a UV-vis Specord Ma2 Carl
Zeiss Jena, Germany.

The concentration of metal ien bound was calculated with
#n (2™

Metal itn bound — (S — 9V LW 10000 (2)

where 55 and S are lhe concentrations of the metal ion in
aquepus solutien {in mg/1) before and after the interaction
with chelating resin, respectively, V is the volume of the
aqueous phase {in mb and W is the amoun{ of the dry resin
(in g).

RESULTS AND DISCUSSION

Macroporous strong base anion exchangers

with N N-diethyl 2-hydroxyethyl
benzylammonium functional groups
Muorphological characieristics, pore volume, V. specific

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

o
macraparous SDVB copalymers, synthesized Pin the pre-
sence of nBA as porogen svere collected and the results are
shown in Table |

As Table | shows, at the same crosslinking degree, the
pore velume, V,, increased, sith the increase in dilution,
The specitic surface area, S‘P' dezreased and the mean pore
raclius, rp, increased with the increase in dilution. At a
constant dilution, the pore velume. V,,, increased, the surface
area, 5y, increased too, and the average pore radius, 7,
decreased with the increase of the nominal crosslinking
degree, as expected. The earlier mentioned copolymers woere
usedl in the preparation of some SBAEs, the first step being
the chinromethvlation with {CH;O),,/ TMCS in the presence
of FeCly as catalyst, first at a mnlar ratio of 1:8:5§:0.3,
styrene/ (CHLON, /TMCS/FeCls, in CTICI; as a reaction
medium, as has been described in detail elsewhere. '

Table 1 shows that some morphological changes occur in
the chloramethylation process. Thus, the pore volume, V,
decreased, the specific surface area, 5., increased and the
mean pore radiug, r,, decreased, and all these changes show
that further crosslinks were generated most probably by the
seli-alkylation reaction as a side reaction.’? Ta aplimize the
chloromethylation process with this new chloramethylation
agent, Some further investigations werg nt'cessar'}’.: Thus, it
was observed that the decrease of the catalyst content has a

Table 1. Marphological characteristics of the starting S-DVB matrix and the cerresponding SBAE

DVB/dilution Transformation stage Vo tmly g Sup e’ By (nm)
S 4 Starting conolvmer 1035 . 255 i
oMme 0.814 bt s
SBAE 103 26.1 74
S04 Starting copalvme 1035 233 R
cMC .95 423 ELRY
SBAE 1.164 26.75 hi
80144 Starting copolymer 13472 135 144 6
SBAE 12514 73 43
T 44 Starting copolymer 11707 W11 4
CMC 053451 32 204
SBAE 11316 40.2 5.3

* FeClay/ styrine = 1.3:1, molar ratio,
® FeCly/ styrene = 0.1:1. muolar ratio.
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positive influence, reducing the impact of the chloromethy-
lation stepr on the morphologicai characteristics of the
starting 5-DVEB copolvmer. The influence of the FeCly/
stvrene molar ratio on the morpholegy of the chloromethy-
lated copotvmer can be seen in Table 1, where tivo samples of
CMC derved from the copolymer with §% DVB and
D=044 ml/m! and functionalized with 0.5:1 and 0121
FeCls/styrene molar ratio are included. A lower &, and a
Kigher 7 are observed for the lower catalyst/styrene molar
ratio. Therefore, in the preparation of the SBAE a molar ratio
of 0.1: 1. FeCl:/styrene was used.

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

A particular aspect of the SBAE included in Table 1 is that
the morpholagical characteristics, V,, 5., and ry, of the final
resing are comparable with those of the starting 5-DVB
copolymers,

Functiomal charactoristics of some SBAEs, as a function of
the nominal DVB content. are presented in Table 2. The
values of the ion exchange rapacities are in good agreement
with the high porosity of these anion exchangers, a higher ion
exvhanae capacity being observed when the DVB comtent of
the startmg, copnlymer was fower. Table 2 includes alse a
SBAE sample prepared in the presence of 2EH as porogen, '
and & commercial anion exchanger having a swolling
porosiey,™ far comparison,

Table 2 shows that at a lower ion exchange capacity,
correlated with a higher permanent porosity. a lower amount
ol wranium was ad=orbed. As Table 2 shows, even if the ion
exchange capacity of the resin Dowex Marathon is much
higher than that of the macroparous SBAE derived from the
copolymer prepared with nBA as parogen, 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 conbribution.
A study on the influence of the functional group and of the
temperature on the adserption capacity of uranium will be
presented it a fortheoming article.

Table 2. Functional characieristics of the SBAEs

Weak base anion exchangers with 2-
aminoethylacrylamide units and chelating

resins derived therein

Solvent regain for some AN-DVE copolvmers prepared in
the presence ol gasoline with £, 110-120 C as porogen, at a
constant monomer dilution, D = 0.15mi/ml, were plotted in
Fig. 1. The influence of the monemer dilution on the salvent
regaing, at a constant arosslinking degree, 10% DVEB. when
toluene and 2EMH were used as porogens, can be observed in
Fig. 2,

As Fig. 1 shows, the AN-DVB capolvnier, with the highest
content in AN (6% DVB), has the highest values of solvent
regain, for both solvents (cyclohexane and toluene). These
results svere explained by the higher swelling in DMF of the
capolymers witlt a lower content in DVB. The goad solvent
(DMPF), used in the extraction step of the soluble FAN from
the AN-DVB copolvmer, was replaced {rom copolvimer sith
methanol, which is @ non-solvent for bath the PAN sequences
and the aromatic componenis. Thus, the sweliing porosity

0.30-
: —9—Qex
0.254
o
h
& 6204
%
(3]
o
0.15-
L e e
4 6 8 10 12 14 18 1B 20 22

% DVB

Flygure 1. Solventregaing as a function ¢ OVB content of the
AN-DVB copolymers prepared in the presence of gasaline
with t, = 110-130 C as porogen. at a dilution of menomers of
C.15ml/mi: cyclohexane, Qcx. and toluene, Q.

lon exchange capacity

SBAE besed on &-DVB

Uranium sorption

copolymer. DVEB/dilution/ porogen (meyg /ml) tmey sy capacity oy Uzg of dry resam? Pore volume mml/y)
10.0.55:2EH 0325 1124 31890 134

S50 AEnRA .61 175 R 1.0hd
10:0.44:0B A 05332 1.51 —_ 1M
Dowex Marathon® 11 — 19432 Swelling porosity

Hncluded for companson
TAccording to rere 12 and 25
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Figure 2. Solvent regains as a function of the monomer
dilution of the AN-DVB copelymers prepared in the presenca
of toluene and 2EH as porogens. at a nominal cresslinking
degree of 10% DVB: cyclohexans. Q ¢y, and toluane, G5 The
insel: porosity of the same AN-DVB copolymers,

was completely preserved !t After about 128 DVE, the

“swelling porosity bad a losver contribution, The higher
values of O compared with Q... at higher crosslinking
degree, are explamed by the increase of toluene affinite for
the copolvmers with a higher content in aromatie com-
pements,

Figure 2 shows higher solvent regains (Q, and @1 of the
AN-DVE copolymers with 10% DVE when 2EH has been
uscd as a porogen comparative with toluene, at the same
dilution of monomers. This shows a higher selvating power
of toluene than of 2EH, because of the presence of DVB and
ethylstyvrene as comononers in this ratrin, These results are
supported by the porosity values {the inset of Fig. 23

WRBAEs with primary amine groups were prepared by the
reaction of AN-DVE copolymers with EDA, in the presence
of water, according o Scheme 2.

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

SO = CHAOH, —CH A -
T K
P N

@
I

- i_)_l‘l:i'}

—  LOHy O CH—CH A
o

Ohrganic jon exchangers as beads 873

100-‘

804

% Transmittance

704 —— starting copalymer
------ anion exchanger

60

4000 3500 3000 2500 2000 4500 000 500

Wavenumber (em”)

Figure 3. FT-IR spectra of the WBAE comparative with the
stariing copolymer with a nominal crosslinking degree of 12%
DVB and a monomer ditution of G.15mlml. gasoline as
porogen.

copolvmer with 12% crosslinking degree. The new bands at
1639, 1568 and 12%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 (avude [T band?,
the O-C-N bond (amide [ band), respuctively.

After 10T of reaction the ion exchange capacity slightly
increasec, but the characteristic band of the nitrile groups
was still present,

Anion exchange capacities, both velumetric () and
gravimetric (Cy2), as a function of the starting copolymer
structure, are plotted in Fig. 4.

Cravimetric ion exchange capacity, C, is correlated with
the content of fonic groups in the dry state of the anion
exchanger, which intimately depend on the AN congent in
the starting copolymer. As Fig. 4 shows, (g continuously
decrensed with decreasing AN content. However. C,, also
depends on the content of ionic groups, but furthermore is
carrelated with the ability of the anion exchanger to be
swollen in water, usuially slightly increasing with the
increase of the crosslinking degree. The values of C“}_: in
Fig. 4 show a slight increase with the increase of DVB from

HA0

N €OH. b, NH .

— NH;

Scheme 2.
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AT

54 —e—Cy, of DVE content from & to 10% and a monotonous, but slight
% \ _,_ng docrease, afler that.

& 44 A different behavior was observed fur the corresponding
Eh’ \. WEBAE. The absence of & permanent porosity for the anion
g ; T~ exchanger derived fram the copalymer with 6% DVB can be
2 77 \' observed, faliowed by a fast increase up to about 12% DVB
“f} 1 e and a slight decrease after that. The anion exchanger samples
£ 24 used for the determination of porosity have been dried by
o heating the samples at 105°C, up to 0 constant seight, Water
14, A ————s is a gomd ~T=ni\-'enr for the anion exchangers and thurufn.ru a
cellapse of thelr structure eccurred at a o content of the
] crosslinker. Such anion exchangers seem o become pernu-

0 R nently poreus only after 12% of DVB.

Dv8, %

Figure 4, lon exchange capacities of the WBAEs derived
from AN-DVE as a function of DVB content; gasoling with
1:=110-130 C was the porogen, al a monomer dilution of
0.15 mi/ml.

6to 12% and a plateau up ta 2095 of DVE after that, and thus
condirming our expectations.

As Fig. 5 shows. the frend 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 porosily values as a function of the nominal crosslinking
degree, an abrupl decrease being observed with the increase

30

=8 alaning copelymers
25 4 —C— anion exchangers

P %

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 nuclenphilic substitution
reaction, the ratio betwwven the ionic chdorine content tound at
a given moment, and the theorelical value expected for a
complete transformation ol the primary amine groups intoe
tertinry amine groups {Scheme 3 was followed, this being
considered the transformation degree {w), In Fig. 6 is plotted
the transformation degree (o} of the primary amine groups
inte iminodhacetic groups, as a function of the reactn
duration (h), anion exchanger based on the copulvmer with
12% DVB and gasoline as porogen, at a monomer difution of
0.13ml/ml. By using Nal as a catalvst, the reaction was
complete in about 9hr, because an interhalogen wwchange
accurred in this case.

The FT-IR spectra of the WBAE with primary amine
groups and the corresponding CIE are shown in Fig. 7
Besides the characteristic bands of the secondary amide
(1640, 1291 em™", the new bands at 1452 and 1394 em™,
assigned to carboxvlic groups, were observed in the FT-IR

15 spuctra of the CIE.

1 Metal complexation capacities ol twe CIEs, whose
104 characteristics are presented in Table 3, are illustrated in
1 Fig. 8 as a function of the initial concentration of CuSQ,.
81 A monotonous increase of Cu®' retention was observed for
1. the resin with the higher ion exchange capacity and a lower
0 5 10 15 20 28 porasity, However, the adsorption capacity of the resin with

% DVB

Figure 5. Porosity of the WBAEs darived from AN-DVB as &
function of DVB cantent; gasoling with 1, —110-130"C was
the porogen, at a monomer dilution of G,15 mifml comparative
with the starting copolymer.

the ligher porosity (CIE2, Table 3) was less dependent on the
initial concentration of the metnl solution, but increased
sipgnificantly after 48 hr (results not shown hered,

The inset of Fig, & shows that the adsorption results
nbtained with the resin CIE{ obey the Freundlich isatherm,

. . - - 2 (WCH, COON,
O CHAA CH . —CH 34— Why 4 A CHa— 4 C e CH Ao - 2Nall)
J\ | pH o TE-EO - n
N =0 - oo
[N 3
g NH _‘\\\._./ N H
| T |
Chy i il e (Hy CH (U1}
%H- ! L AHC00N
\CH_:LL'.““'\'J
Scheme 3.
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Figure 6. Transtormation degree of the primary amine
groups into iminodiacetic groups: starting copolymer: with
12% DVB and a dilubon of 0.15mliml, gasoling with
= 110-130°C was the porogan,
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anlozn exchruger
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Figure 7. FT-IR spectra of the anion exchanger with primary
aming groups prepared by the aminolysis-hydrolysis of the
AN-DVB copolymer with 12% DVE and a dilution of 0,15 ml/
ml, gasolineg with #=110~130 C as perogen (—}, and of the
corresponding chelating ion exchanger (----).

eqn (3%

log e = log ke + (') log Ce (3)

where g, the amount of metal adsorbed at equitibrium
(in mga/e), A, and # are Freundlich constants and C, is the
equilibrium concentration {in mg/h.

The Cn® retention continuosly decreased with the
increave of pH from 3 to & for both CIE resing, as Fig. 9
showes. Tt seems thal the oplimwn adsorption pH of Cu®™ is
located bebween 2.0 and 3.0

Tabie 3, Characteristics of the ClEs

Oryganic won exchangers ag beads 577
.8
59 i
g1, .
0 2.0 L s
g 8 "
o 44
=
o~ e
é
—g 3+ i
E 4 LA 0.2 L2 es 2.5
e g €,
5 24 _._.- »
-1 "
5 s
-u. 1 !/
[
]
E
g0 T ey
0 2 q [ 8 16 12 14 16 18 20

Initial metal ion concentration (mgiL x 10"

Figure 8. Cu® retention as a furction of the structure of
the CIE and the initial concentration of the metal solutian. The
inget: Freundlich isotherm for the GIE with 12% DVB and 2
monomer dilution of 0.15 mi/ml.
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Figure 9. The influence of the solution pH on the Cu*~
ratention al an initial Cu?™ concentration of 5= 1073 mgil

CONCLUSIONS

The synthesis and characterization of some poreus jon
exchangers, by less used strategics, were examined in this

work as follows:

e SBAEs with N.N-cliethyl 2-hydroxvethyl vinvlbenzylam-
monium chloride unity and a mean pore radius in the
range SU-S0nm were prepared by the chloromethylation
of the macroporous S-DVB copolvmers, obtained in the
presence of nBA as porngen, with a less used chloromethy-
lation agent, (CH-0), /(TMCS), in the presence of FeCls as
catalyst, fullowed by the amination swith DEHEA;

» WBAEs with 2-aminoethvlacrylamide units were obtained
by the aminolvsis-hvdrolvsis reaction of the vilrile groups

Sample DVE 1) Parogen L tmlymh I? (%) Coe dmeg/mi} Uy (meg/a) Qi /gl
CIE1 12 Casoline, f;,  110-130 < n.13 15 1.87 +.97 1LTRR
ClIEZ 15 Toluene n.47 as 1106 2.407

Copvrighl « 200n Takn Wiley & Sens, Lid,
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contained in AN-DVE copolymers prepared in the pre-

sence of three porogens (tolucne, gasoline and 21EFD with

different solubility parameters;

CIEs with iminodiacetic groups were generated by the

c*erJO\\-'nw‘-hylnl-ion of the primary amine groups with
NaMCA, in the presen e of Nal.

sorption capacity of Cu™™ of the CIE was influenced by the

porosity af the restn and the solution pH.
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