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Abstract: Polymeric resins with phosphonate esters are egizthd via Michaelis-Becker reaction, characteraed used
in the removal of Cu(ll) from aqueous solutions. it found that phosphonate phenyl is able to absasb
0.037 mmolCu/mmol phosphonate phenyl.
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1. Introduction 2. Experimental

The development of crosslinked polymers and Synthesis of phosphonates grafted on insoluble

copolymers of styrene and divinylbenzene with alvel Macromolecular supports
defined porous structure and monodisperse size has
received great interest [1,2]. Many low moleculaelating
compounds with phosphorus have been attached

polymer surfaces in order to form functional ligane.g. ) 2
by copolymerization of suitable monomers: b 6,7]. In a 250 ml round bottom flask fitted withirser,

immobilization of a pre-formed ligands; by chemicalreoﬂu?( pondenser and thermometer,aSgsamplQ/[ﬂrm-
modification of groups originally present on thelymoer 7/od|V|nbeenz.ene copolymer angl 1.00 ml d'oxa’?e. were
surface [3] added. The mixture was then maintained under ragirfor
The chemical modification was chosen in this stady g h%urs_ﬁt] roorg_ t:akml?era}tuhre forr].swelllgg of ?hemj);
the synthesis method in order to introduce spetjends ea S.dd Zn'. Iady aryphc_)sp ite ar: nat_rluml Ioah |
into the polymeric structure with the aim of promhg W€ a-d'eh’ n r?.r ?r to ac |eve§1 motar r_atlci.l 5_1%
chelating resins containing phosphonate functigralips ~9"01PS-AIPNOSP lte:natrium —carbonate = 1:1.5:1.90 an
able of metal ion separations from various wasteerga In 0.05% _tetramethylammomum |od|_de_ catalyst, respel
literature the synthesis of polymers functionalizeith The mixture was kept under stirring for 24 hour &t

hosphoni id 4.5] and phosphonat reaction temperature of 30C. The polymer beads
E%Se%tg::gdém groups [4,5] and phosphonate gr{fiip} separated by filtration, were washed with hydrodhlacid

Interest in obtaining grafted polymers has incrdaseo'1 N (3x20 ml), ethanol (3x20 ml), 1,2-d|<_:h|0roﬂnmne
lately due to the large fields of possible applmag: ion (3x20 mi) and ethyl ether (3x20 ml), and dried uniePa
exchangers [8,9] catalysts [10], antibacterial ag¢8,11] vaccum at 50C for 24 h.
and reagents in fine organic synthesis [12]. . 24 .

In this work we describe the chemical preparation, Sorption of Cu from aqueous solution on
multiphase systems, of phosphonates grafted omrstyr Phosphonates grafted styrene-divinylbenzene copolymer
divinylbenzene copolymer and their characterizatipn [13-15]
thermogravimetric analysis.

The aim of this work was to asses the possibilit

The synthesis of the phosphonates grafted on a
mAcroporous styrene-7% divinylbenzene copolymer-
support was performed by the method previously ritesd

CU** ion separation from aqueous solutions was
of application of chelating resins obtained b erformed by a batch technique at room temperafuée.
-70, Vi
functionalization of styrene-divinylbenzene copobn grams Qf of _styrene?/odlvmylbenzene copolymer
with phosphonate groups in copper separation aﬁldnctlonahzed with phosphonate pendant groups were
-gdded to a volume solution containing 100 mg Cuil)

preconcentration. Atomic absorption spectrometry i S . .
nowadays the most common method for trace met I1 N HNQ and mal_ntalned under mecha_nlcallsurnng for
hours. The residual Cu(ll) content golution was

determination in various materials.
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determined on samples (1 mL) taken from the mixage Scanning electron microscopy (SEM) with a Philigs20
follows: at 10 min. interval in the first hour, &6 min. microscope, the thermal analysis of samples wasmeed
interval in the second hour and at 30 min. inteimathe with TG 209 (Netzsch) in nitrogen atmosphere witheat
last 5 hours. Each sample was diluted (ratio 1at%) the rate of 5 K/min in range 2@ to 600C, the quantitative
concentration of Cu(ll) was determined by atomi@nalysis of metal ions was carried out by atomioggtion
adsorption spectroscopy on SpectrA 110 coupled wipectroscopy on Varian SpectrAA 110 coupled withAGT

GTA-110 at wavelength= 324,8 nm (Ct). 110.
The amount of Cu(ll) sorbed, g (mg/g), was caladat
as follow:

3. Results and Discussion
q=(Go-G)xVx10°/G (mg/g) (1)

where: Gy —, G — are initial and the equilibrium Cu(ll) Phosphonates grafted on a “gel-type” styrene-
concentration (mg/L) in the solution at 0 and teanV —is 7%divinylbenzene copolymer are presented in Sctieme
the volume of the solution (mL), G- is the massredin The products of the polymer-analogous reactionsewer

sample (g). clearly confirmed as phosphonates by the following
observations resulted from the analysis of theg&ta:
Characterization - the decrease in the intensity of the chloromethyl

absorption bandpCH,Cl at 1430 crit suggests that a
Determination of the chlorine content: A sampldgtef polymer-analogous reaction of the chloromethyl gsoof
final reaction product, precisely weighted, wasnbwut in  the initial copolymer took place;
an oxygen atmosphere; the gases were absorbed in-ahe appearance of the absorption band at 1210 was
aqueous solution of 40, (0.15 %,W) and the chloride ion associated with the valence vibration of P=0O bond,
was quantitatively determined by potentiometricatibn respectively the apparition of the absorption bahd 050
with an aqueous solution of AQN©.05M [16]. cm® was attributed to the valence vibration of P-Oddh

0
P(OR)OHITMAI I

‘—.—CH -Cl CH,-P-(OR

® O 27 30°C, 24 h, DO ® . 7P-(OR)

Scheme 1. Preparation of the polymer-grafted phosgties

The chlorine content in the functionalized copolysne copolymer; A, — atomic weight of chlorine; M —
was used in order to determine their functionaliat molecular weight of the repetitive unit of the siye; Myyp
degrees and yields of the polymer-analogous reatio — molecular weight of the repetitive unit of the

The fraction of the repetitive units functionalizeith  divinylbenzene; Mg — molecular weight of the repetitive
phosphonate groups, was determined by accepting theit of the styrene functionalized unit Fi groupdsrs —
statistical structure of the repetitive unit of tHmal molecular weight of the repetitive unit of the siye
copolymer presented in Figure 1. functionalized with Ff groups; & - functionalization

degreenr — functionalization yield.

-(-CH,-CH-)-(-CH,-CH-)-(-CH,-CH-)-(-CH,-CH-)-
r Xy y 1-r-x The fraction of styrene units bearing phosphonate
groups, obtained by polymer-analogous reactions was
calculated from the chlorine content in the finaedgucts:

X=y)I
-CH,-CH- CH,CI HZF(OR)Z %Cl, = X=N1A, 100 (1)
I -
Figure 1. Design of statistical structure of theget#tive unit of the h .
functionalized copolymer where.
Mt = Mmi + Y(Msrt - Msg) (2)
Using the notations: M = 1-Movg + X.MsfCH,CI + (1-1-x).Ms  (3)
x — fraction of styrene units bearing pendant CH . ] )
groups (Fi); y — fraction of styrene units bearjrendant — The fraction of the styrene units bearing pendant

CH,P(O)(OR), groups (Ff); My — average molecular Phosphonate groups was calculated with the equgdion

weight of the repetitive unit of the initial copoter; M. —
average molecular weight of the repetitive unittef final y = 1000x [ Ay —%Cl, [M,, ()

copolymer; %CIf —chlorine percentage in the final - 100CA, +%Cl; M g ~M &)
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The yields of functionalization are relatively hi¢dee environmental separations. The functionalizaticelds are
Table 1), ranging from 37 to 75%, ensuring a sidfit directly correlated with the texture and porosinetr
concentration of active centers per unit mass df thproperties of the starting chlorometylated copolgsne
copolymer and being well suited for application in

TABLE 1. Characteristics of the polymer-grafted phosphonates

No. I(::’(r)(()jde. Phosphite (%(,:I{N) y G:* (mmoles/q) (T;]);))
1 Bu (GH,O),POH 4.27 0.399 1.997 62.34
2 De (GoH2:0),POH 7.85 0.239 1.320 37.34
3 FE (GHsO),POH 2.36 0.485 2.084 75.78
4 Bz (GHsCH,0),POH 2.74 0.455 1.900 71.09

“Gg = y ;b-UF:Xﬂoo,x=o.64o.
X

Even admitting an extensive swelling of starting
copolymer, we justify the functionalization degrdssthe
fact that some of functionalizable chloromethyl e are
placed into the micropores from the structure qfadgmer
pearls and it could be inaccessibly for the bulky
functionalization agent, so the functionalizatiGgcees are
correlated directly with texture and porosimetrioggerties
of the starting chloromethyl copolymers.

The presence of aryl radicals in the environment of
phosphonate groups had a favorable effect on
functionalization degrees and functionalizatioridge

Figure 2 shows scanning electron microscopy (SEM)
micrographs of phosphonate ester. The increadeialkyl
chain length of the phosphonate groups had an ardhle
effect, the best results being obtained
dibuthylphosphonate groups.

Acc.Y SpotMagn Exp

Figure 2. SEM Image of phosphonate copolymer

) From the analysis of experimental data was observed
Withhat the stability of the copolymer is influenceg the
nature of the pendant groups of phosphonate type.

TABLE 2. The weight loss for all synthesized polymers

Weight loss (% . .
Sample Prod. Code 50-200°C 290_3000(:( ) 50-400°C T inflexion (°C)
0 S-7%DVB 3.25 14.25 23.72 4277
1 Bu 4.70 12.99 39.57 405.0
2 De 4.74 12.27 52.87 394.7
3 FE 7.24 11.85 34.04 399.2
4 Bz 5.36 11.51 42.24 405.1
The thermogravimetric analysis indicated changes in

the thermal stability of the polymers functionatizevith E 249

phosphonate pendant groups in comparison with the 2 227 .

Vi Q 2.0+ IS PR R R
chloromethylated styrene-divinylbenzene macromdécu g . . * o Bu
support. As it can be seen in Table 2, the thestadility 5 ig . A De
is affected by the nature of the R radicals of the § 14 . ® Bz
phosphonate groups; product 0, divinylbenyene have & |, .
better thermal stability as the copolymers. As iyl S 10] R Lo 2221
chains from R grows (polymers 1, 2) the molecule@e Fos] . R .
branched and the thermal stability is affected. fi 067 o ea222 :

We investigate adsorption of copper ions from o 04 egata
aqueous solution using grafted on styrene-7% §0-2-’
divinylbenzene copolymers as specific sorbent. Agsge ‘éo'oo 20 100 150 200 250 300 350 400 450

solution containing amount of metal ions (100mg|Qu/
0.1 N HNQ) was treated with the sorbents at pH 1 at room
temperatura.

Time (min)

Figure 3.Specific adsorbtion capacity as a function of tifoethe resins
bearing phoshonate groups, at pH=1 and 25 °C.
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Figure 3 show adsorption rates of*Cions by direct
phosphonate attached copolymer microspheres as
function of time.

The total adsorption capacity of the resir
functionalized with groups was 1.1 mg/g, 1.0 mglg 4
mg/g and 2.0 mg/g for: Bu, De, FE and Bz which wer
observed at pH 1.0 and 360 min. The total adsaptic
capacities of the resin functionalized with phospte
groups are lower than adsorption capacity of ihitia
copolymer at 360min (Figure 4).

The efficiency of metal retention ability (mmoles 0 50 100 150 200 250 300 350 400 450
Cu(ll)Ymmole phosphonate) of the functionalizedypoérs
was found to depend on the nature of the phosplonc.
group, (0.037, mmolCu/mmol phosphonate phenyl), a
shown in Figure 5. The efficiency was better inecatthe
phosphonates with aryl groups.

copolymer
o o o
~ [op) oo

o
N

mg Cu(ll)/g initial

o

Time, min

S,
Figure 4. Specific adsorbtion capacity as a fumctibtime, for the initial
copolymer, at pH=1 and 2%&.
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Fig. 5 Efficiency of the retention ability of the polynselbearing phosphonate pendant groups (mmoles @uti)l phosphonate)
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