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Abstract

New tetrazamacrocycle and crown-ether poly-styrene and divinylbenzenepolystyrene derivatives (P-
TAM and P-CE respectively) have been synthesized and studied as chemisorbents for Cs, Sr (P-CE) and Ru, Co
(P-TAM) radioisotopes. It has been found that the tetraazamacro cycle modifier concentration in such material
is about 5x10"" M/g material. Model solutions, containing Ru and other platinoid salts, and also Co salts, were
used in experiments at concentrations of 5xlO"3 - 5X10"6 M/L. It was shown that P-TAM quantitatively removes
Ru and other platinoids from the water solution at pH=0-l during 1-2 days and practically all modifying groups
participate in the sorption process. It was established that in alkaline solutions this sorbent also adsorbs Co, Cr
and other 3d-metal ions. P-TAM also demonstrates a very high platinoid sorption selectivity (close to 100%)
from solutions containing, for example, platinoids in the presence of a large excess of 3d-metal ions. 137Cs
sorption by some types of P-CE and IN-CE from Ringer-Locka model waste solution was also studied and it was
found that K^ (Bq/g) strongly depends not only on the crown-ether ring size but also on the form in which crown-
ethers exist on the surface, for example when the modifier was in the form of the complex such as P-CE-
L(L=K3Fe(CN)6 or L=K4Fe(CN)6) there was an increase in K'd value (Bq/mole of CE). The results of a study
of 8sSr removal by P-CE and IN-CE show that the chemisorption capacity strongly depends not only on the
"hole"size of crown-ethers but also on the nature of encapsulated complexes, including ferrocyanides of different
types. In our opinion, the most likely way to increase chemisorption capacity is by using an inorganic matrix,
such as SiO2, modified by macrocyclic ligands (these ligands are introduced into the matrix at the stage of gel
texture formation), in which the characteristics (hydrophobicity, size of ligand and of chelating "hole", nature
of donor atoms) have a strong influence on pore size and volume and on the surface area characteristics.

1. INTRODUCTION

An amount of low and intermediate level radioactive liquid wastes and the presence
of some radionuclides in natural waters in the Ukraine after the Chernobyl accident makes the
study of the sorption of radionuclides on different materials necessary.

Our research was based on our opinion that we can use some ligands, which form in
water (or mixed water-organic) solutions very stable complexes (lgK > 20) with some of the
radionuclides, as modifiers of polymeric or inorganic sorbent surfaces. Our results show that
we can produce polymeric or inorganic materials which are able to extract some radionuclides
(Ru, Cs, Sr, Co etc) quantitatively from water solutions.

2. LITERATURE DATA

A literature survey was undertaken to identify suitable ligands for modification of
inorganic or polymeric materials in order to produce materials with a strong and maybe
selective affinity for radionuclides. Stability constants for complexes formed between alkali,
alkaline-earth and rare-earth, 3d, 4d, 5d, 4f metal ions and different types of ligands
containing O,N,S donor atoms were reviewed [1-10] (Fig.l). It was decided, the most
promising ligands are: some crown ethers (Fig. l,b,c) (for Cs, Sr) and some tetraaza (Fig. 1,
e-g) and pentaaza-macrocyclic ligands (for Ru, Rh, Co, Cr). These macrocycles are also of
interest for this purposes but they are very expensive.
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7. 77ze fyp« of macrocyclic ligands tested as prospective modifiers for polymeric and
inorganic matrixes: oxygen-containing crown-ethers without aromatic rings (a) with aromatic
rings (b) with different number of oxygen atoms and ethylene bridges (c) sulphur-containing
macrocycles (d) different types of tetraazamacrocycles with different number of ethylene and
propylene bridges and substitutes (e) and double bonds (f) and tetraazaannulenes (g) modified
with tetraazaannulene polystyrene (h) mofyied with crown-ethers divinylbenzene copolymer of
polystyrene (I).

The criteria for selection of these ligands was:

1) high stability constants of their complexes with the metal ions;
2) the presence in their molecules of potentially active centers, which may be used for

linking them with inorganic and polymeric matrices;
3) their thermal stability and stability in acids and alkalies.
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We also reviewed inorganic and polymeric materials [11,12,13]. Among the
inorganic materials we selected gels, which may have a large pores (the SiO2 , A12O3 , TiO2,
ZrO2 derivatives). Among polymeric materials we selected polystyrene and its copolymer
with divinylbenzene, because there was a good possibility of modifying them with different
chelating and macrocyclic ligands. They also have a density less than 1 and may be readily
separated from water.

3. EXPERIMENTAL

3.1. PREPARATION OF MODIFIED POLYMERIC MATERIALS AND STUDY OF
THEIR CHEMISORPTION ABILITY

3.1.1. Tetraazaderivatives

10 tetraazamacrocyclic ligands were synthesised in accordance with [ 14 ], each
containing four nitrogen donor atoms and different substituents in carbon links (Fig.la).
They were analysed for C,H,N and their IR, UV and 'H NMR-spectra were determined which
supported their chemical composition. One of them (Ml) had very good characteristics for
use for the modification of a polymeric matrix ( ^ 2 9 8 ° C, high stability over the whole pH
range, common with donor atoms 7t-system, sublimed without destruction,insoluble in
water, alcohol, ether, has moderate solubility in DMFA, DMSO, CC14 , CH3CN, CHC13).

The complex formation processes of ligand Ml with the noble metals (Pt, Pd, Ru, Os,
Ir) and 3d-metals (Co, Cr) in solution were studied using spectrophotometry and the complexes
with tetraazamacrocycle (Ml) were synthesised and identified.These complexes with noble
metals have very high stability constants (lg KML>30 , with 3d-metals - lg K^L> 15). They
may be formed at pH 0-1 in contradiction to Co,Cr complexes which are formed in alkaline
solutions. We expected that this would also be the case on the surface of a modified polymer.

The commercial product polystyrene was used as matrix for immobilization of
tetraazamacrocyclic ligands using a multistep synthetic procedure:

polystyrene polystyrene-NO2 SnCL-^ polystyrene-NH2 NaN02^ polystyrene-diazonium salt
+ macrocycle Lewis.acid'_, polystyrene-macrocycle (Ml).

Using the IR, UV, VIS spectroscopy technique, it was estimated that the
concentration of modifier (macrocycle) on the surface of the sorbent was about 5.10"* M/g
of sorbent.

The complex formation reactions with this material (P-Ml, Fig. lh) were studied using
spectrophotometry.

Some of these results are shown in Fig.2-5.

The study of chemisorption of noble metal salts on P-Ml sorbent involved mixing
lOOmL solution of one of the salts (CM = 5-10'3 M) with 2g of powdered P-Ml (which is
lighter than water) and stirring with constant velocity. Samples of the solution (2 mL) were
filtered off every 30 minutes and their VIS-spectra recorded on Karl Zeiss Specord M-40.
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Fig. 2. Visible spectra data for H2PdCl4 (I
1) water solutions and its mixtures (1-4) with

CuCl2. CH2PdCl4 = 5.W4M,

Caa^l.W'M, 1 = 1 cm
1 '-initial solution ofH2PdCl4;
(1) - mixture ofH2PdCl4 with CuCl^ t=Oh;
(2) t=12 h; (3) t=18 h; (4) t=25 h.



A h

Fig. 3. Visible spectra data: (a) for NaJrClg (1-3) water solutions; (1) t=0 h; (2) t=10 h;
(3)t=40h;CNa2Ira6 = 5.ia4M,

(B) for Na20sO6 (4-7) water solutions; (4) t=0 h; (5) t=10 h; (3) t=U h; (7) t=48 h;
CNa2Osa6 = 5.104 M, 1=1 cm.

0,2.

Fig. 4. Visible spectra data for RuCl3OH (1-3) water solutions; (1) t=0 h; (2) t=2 h; (3)
t=46 h; (4) the sample (2) recorded after heating during 10 minutes under 50PC.

4 M, 1 = 1 cm.
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Fig. 5. Visible spectra data of CoCl2 sorbtion process on P-Ml sorbent:
1 - initial solution (CCoa2=5.1(f2 M), t=Oh;
2 - initial solution + P-Ml, t=2 h; (3) t=4 h; (4) t=10 h; (5) t=12h

It was found, that at pH 0-1, chemisorbent P-Ml quantitatively bound all noble metals (Pt,
Pd, Ir, Rh, Ru, Os). The time of sorption depends on the nature of the metal ion (on its kinetic
characteristics) and its oxidation state.

Figure 2 shows some of the experimental curves, illustrating the process of
chemisorption of F^PdCL, on P-Ml. After 30 hours at room temperature the concentration
of H2PdCl4 was below the limit of detection by VIS-spectroscopy. This was also the case with
Os(IV) (Fig.3), Ir(IV) (Fig.3), Pd(IV) (Fig.2), Ru(IV) (Fig.4) salts. In the case of Ru(IV)
we also tried to increase the velocity of chemisorption by heating the solution to 50°C, but
because of hydrolysis of RuCl4 (Fig.4, curve 4) this process could not be studied.

From the practical point of view it was interesting to study the selectivity for sorption
of noble metal salts, first of all Ru, in the presence of a large excess of 3d-metal ions. For
this purpose we prepared model solutions containing noble metal salts (Ru or Os, Pt, Pd, Ir)
and salts of Co (or Cu or Ni), which were taken in great excess (for example CRu/CCo 1:100
to 1:1000). The most illustrative example of the results of these experiments is the study of
chemisorption of the mixture of H2PdCl4 in the presence of 100 times excess of CuCl2 (Fig.2)
because in VIS spectra these metal ions have practically non-overlapping bands (I and II
respectively). Fig.2 shows that the chemisorption of Pd(II) in the presence of Cu occured
with high selectivity (near 100%) at pH 0-1.
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In another series of experiments the chemisorption of 3d-metals (Co, CF; CU, Ni) on
P-Ml was studied. Figure 5 presents the results of chemisorption of Co(II) on P-Ml at pH=9
and illustrates the high affinity of P-Ml for Co.

The optimal conditions for chemisorption of noble radionuclides and 3d-nuclides (Co,
Cr) by P-Ml were examined. For noble radionuclides they are pH= 1, time of sorption 30
hours, stirring; for 3d-nuclides (Co, Cr): pH=8-9, time of sorption 10 hours, the presence of
oxygen containing chelating ligands, stirring.

3.1.2. Crown-ether derivatives

A technique for adsorption of macrocycles onto silica-based Clg columns or
polystyrene divinylbenzene packing has been reported [15]. Appropriate macrocycles have a
hydrophobic tail or other moiety that promotes strong adherence to the stationary phase.
Specifically, some authors adsorbed dodecylsubstituted 12-crown-4, 15-crown-5, 18-crown-6
ligands to silica based Cjg columns as well as the cryptand decyl-2.2.2 [15,16]. Polymeric
crown ether stationary phases were formed in two ways: formation of solid polymer particles
or by coating macrocycle polymer onto a solid support. Blasius also made a caesium selective
exchanger by forming a condensation polymer with dibenzo-24-crown-8 [17] and he also used
polymeric polyamide-18-crown-6 to perform separations [18], which were unsuccessful in
separating cations. Separations of lanthanides, Cu, and UO2 have also been achieved [19,20]
by grafting nitrogen-containing crown ethers to styrene-divinylbenzene copolymer.

The dibenzo-crown ether polymers were reacted with the silanol groups or with
chloromethylated polystyrene to form an anchored polymeric resin for HPLC separation of
alkali metals. Recently there was reported the use of crown ethers loaded on solid supports
for Cs, Sr and Ba separations of interest to the nuclear industry [21,22].

Analyzing these data and the literature values of stability constants for different metal
ions with many types of linear and cyclic ligands [1-10], we selected some types of crown-
ethers which may be used for development of the polymeric materials for the immobilization
of Cs, Sr: Benzo-15-crown-5, Benzo-18-crown-6, DB-18-crown-6, DB-24-crown-8.

We synthesized four polymer materials containing crown ethers. Taking into account
the well known influence of different types of metal ions and their complexes on cation binding
ability of crown ethers we also prepared a few materials using polymers modified by crown-
ethers with encapsulated different types of complexes. Investigation of sorption ability toward
137Cs from aqueous solutions was undertaken using four pure polymer-bonded crown ethers
(Fig.li) and for encapsulated samples.The data given in Table I show the ligands themselves
to be less effective than the corresponding complexes of those with metal salts. For the
sorption experiments aqueous solutions of Ringer-Locka containing 93,68 Bq/mL of 137Cs were
used. The distribution constants Kj in Table I are given as quantities of 137Cs bound per gram
of the sorbent.

Since PDB18C6 K3Fe(CN)6 complex appeared to be the most active agent of all
polymer-bonded crown ethers studied, two types of complexes - L K3Fe(CN)6 and L K4

Fe(CN)6 were formed in order to examine their sorption of 137Cs. In Table II the results
obtained are reported as Kj and also as K'd which is the quantity of 137Cs bound per mole of
the crown ether in the sample. The starting concentration of 137Cs in an aqueous solution of
Ringer-Locka type was 51,600 Bq/mL.
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3.1.3. Synthesis and chemosorbtion processes study of inorganic matrices modified by
macrocyclic Hgands

Previously we have synthesised and studied new materials, containing macrocyclic
ligands(crown ethers, tetreaazaannulens) which were chemically linked to a polymeric matrix.
Such samples, because of the ability of crown ethers to bind the alkaline-earth and alkali metal
ions, strongly demonstrated an ability to remove Sr and Cs from aqueous solutions and,
because of the high ability of tetraaza- annulens to bond 3d,4d,5d-transition metal ions, were
good sorbents for Ru, Co, Cr etc. The processes of synthesis of such materials are quite
difficult and expensive. Because of this we tried to find other ways of preparing new materials
containing macrocyclic ligands. We used silica gels as matrix for macrocyclic ligands and
studied different ways of modifying it by macrocycles without stages of chemical modification.

Preparation of modified materials

Different methods of synthesising macrocycle modified silica gels were used: 1)
traditional method of impregnation (samples 1,2,6,7) and 2) coprecipitation (sol-gel method,
samples 2'-5, 7'-10). In the first group of experiments we used previously prepared samples
of SiO2, characterized with different size pores and surface area (samples 1,2,6,7). In the
second group of experiments the process of gel formation and modification was combined
(samples 2'-5, 7'-10).

Sample 1. For its preparation commercial silica gel was used. (S=300 mVg, v=0,8
cm3/g, d= 120 A). 250 mL of DB18C6 alcohol solution was mixed with 1,13 g of SiO2. After
4 days the DB18C6 concentration in solution was determined (using spectrophotometry) as 5,7
10"3 M i.e. SiO2 adsorbed 1,5 10"4 M of DB18C6/1 g.

Sample 2. 20 mL of tetraethoxysilane were mixed with 6 mL of H2O, 40 mL of an
ethanol and 1 mL of initiator. After a few days the gel was dried for 3 hours at 110-120°C.
The prepared gel (S = 800 m2/g, V=0,3 cm3/g, d=20 A) 1,132 g was mixed with 120,6 mL
of DB18C6 (5,89.10"3 M). After a few days the DB18C6 concentration in solution was
determined (using spectrophotometry), as 5,82 10"3 M/dm3, i.e. SiO2 adsorbed 7 10"6 M of
DB18C6/1 g.

Samples 2'. 20 mL of tetraethoxysilane were mixed with 6 mL, H2O, 40 of a mL
ethanol solution of DB18C6 (1 g) and L ml of initiator. After a week, the gel product was
dried for 3 hours at 110-120°C. The gel (S = 800 m2/g, V=0,3 cmVg, d=20 A) contained
DB18C6 in amount 0,456 104 M/g (Table 1).

Sample 3. 20 mL of tetraethoxysilane were mixed with 6 mL H2O, 400 mL of an
ethanol solution of DB18C6 (1 g) and 1 ml of initiator. The solution was evaporated on a
water bath until viscous. After a few days, the prepared gel was dried for 3 hours at 110-
120°C. The gel (S = 120 mVg, V=l,23 cm3/g, d=410 A) contained DB18C6 in amount 2,023
10"4 M/g (Table I).

Sample 4. 4 mL of tetraethoxysilane were mixed with 1,2 mL H2O, 400 mL of an
ethanol solution of DB18C6 (1 g) and 16 mL of initiator. The solution was evaporated on a
water bath until viscous. After a few days, the prepared gel was dried for 3 hours at 110-
120°C. The gel (S = 100 m2/g, V=l,42 crnVg, d=570 A) contained DB18C6 in amount 3,07
104 M/g (Table 1).
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Sample 5. 2 mL of tetraethoxysilane were mixed with 0,6 mL H20, 400 mL of an
ethanol solution of DB18C6 (1 g) and 32 mL of initiator. The solution was evaporated on a
water bath until viscous. After a few days, the prepared gel was dried for 3 hours at 110-
120°C. The gel (S=75 m2/g, V=l,53 cm3/g, d=820 A) contained DB18C6 in amount 3,707
10^ M/g (Table I).

Sample 6. For its preparation commercial silica gel was used (S=300 m2/g, v=0,8
cm7g, d= 120 A). 250 mL of DB24C8 alcohol solution was mixed with 1,13 g of SiO2. After
4 days, the DB24C8 concentration in solution was determined (using spectrophotometry), as
5,7 10'3 M, i.e. SiO2 adsorbed 1,4 W4 M of DB24C8/1 g.

TABLE I. THE DISTRIBUTION CONSTANTS KD (AS QUANTITIES OF 137Cs BOUND
PER GRAM OF THE SORBENT) FOR SOME CROWN-ETHER MODIFIED POLYMERIC
MATERIALS

Sorbent

PDB18C6

PDB24C8

PDB18C6KPic

PDB18C6 CaPic^

PDB18C6 K3Fe(CN)6

PDB24C8 KPic

PDB24C8 CaPic2

Kd, Bq/g

10,2

4,3

14,6

42,2

263,23

8,4

12,2

Sample 7. 20 mL of tetraethoxysilane were mixed with 6 mL H2O, 40 mL of an ethanol
and 1 mL of initiator. After a few days the prepared gel was dried during 3 hours under 110-
120°C. The resulting gel (S=800 m2/g, V=0,3 cm3/g, d=20 A) 1,132 g was mixed with
120,6 mL of DB24C8 (5,89-103 M). After a few days the DB18C6 concentration in solution
was 5,82-10"3 M, i.e. SiO2 adsorbed 7-10"6 M of DB24C8/1 g.

Samples 7'. 20 mL of tetraethoxysilane were mixed with 6 mL H2O, 40 mL of an
ethanole solution of DB24C8 (1,3544 g) and 1 ml of initiator. After a week received gel was
dried during 3 hours under 110-120°C. Received gel (S=790 m2/g, V=0,3 cm3/g, d=20 A)
contained DB24C86 in amount 0,456 10^ M/g (Table 1).

Sample 8. 20 mL of tetraethoxysilane were mixed with 6 mL H2O, 400 mL ethanol
solution of DB24C8 (1,3544 g) and 1 ml of initiator. The solution was evaporated on a water
bath until viscous. After a few days the gel product was dried for 3 hours at 110-120°C. The
gel product (S=95 m7g, V=l,27 cm3/g, d=460 A) contained DB24C8 in amount 2,019 10"4

M/g (Table 1).
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TABLE II. THE DISTRIBUTION CONSTANTS KD (AS QUANTITIES OF 137Cs BOUND
PER GRAM OF THE SORBENT) AND K'D (AS QUANTITIES OF 137Cs BOUND PER
GRAM OF THE CROWN-ETHER IN THE SAMPLE) FOR SOME CROWN-ETHER
(WITH INCAPSULATED FERRO- AND FERRICYANIDES) MODIFIED POLYMERIC
MATERIALS

Sorbent

PB15C5 K3Fe(CN)6

PB15C5 K4Fe(CN)6

PB18C6K3Fe(CN)6

PB18C6K4Fe(CN)6

PDB18C6 K3Fe(CN)6

PDB18C6 K4Fe(CN)6

PDB24C8 K3Fe(CN)6

PDB24C8 K4Fe(CN)6

Kd, Bq/g

110,0

152,9

37,9

147,7

215,2

3649,5

624,6

392,3

K'd, Bq/mol

2890,00

3520,0

1860,0

3520,0

3490,0

4970,0

4630,0

4350,0

Sample 9. 4 mL of tetraethoxysilane were mixed with 1,2 mL H2O, 400 mL of an
ethanol solution of DB24C8 (1,3544 g) and 16 mL of initiator. The solution was evaporated
on a water bath until viscous. After a few days the gel product was dried 3 hours at 110-
120°C. The gel (S = 89 m2/g, V = l,46 cm7g, d=680 A) contained DB24C8 in amount 3,071
10-* M/g (Table 1).

Sample 10. 2 mL of tetraethoxysilane were mixed with 0,6 mL H2O, 400 mL of an
ethanol solution of DB24C8 (1,3544 g) and 32 ml of initiator. The solution was evaporated
on a water bath until viscous. After a few days, the gel product was dried for 3 hours at 110-
120°C. The gel product (S=70 m2/g, V= 1,58 cmVg, d=850 A) contained DB24C8 in amount
3,702 KT1 M/g (table 3).

Sample 11. 2 mL of tetraethoxysilane were mixed with 0,6 mL H2O, 400 mL of an
ethanol solution of tetraazamacrocyclic (Fig. 1, h) ligand (1,3678 g) and 32 ml of initiator. The
solution was evaporated on a water bath until viscous. After a few days the gel product was
dried for 3 hours at 110-120°C. The gel product (S=75 m2/g, V = l,58 cmVg, d = 850 A)
contained ML in amount 4,59 10"* M/g .

For samples 1-10, dynamic sorption was studied (see for example Fig.'6, for
sample 4).

The chemisorption of Sr on samples 1-5 was examined by mixing 0,5 g of sorbent with
25 mL of the Sr solution (80 mg/L) during 2 hours. After this, the solutions after filtration
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were analysed for Sr concentration using atomic-adsorption technique (results are listed in
Table III)

TABLE III. SAMPLES 1-10 SURFACE AREA, PORE SIZE, AND CHEMISORPTION
PARAMETERS
No

1
2

2'

3
4
5
6
7

T

8
9
10

Method

Impregn.
Impregn.

Coprecip.

Coprecip.
Coprecip.
Coprecip.
Impregn.
Impregn.

Coprecip.

Coprecip.
Coprecip.
Coprecip.

Static
chemisorption
capacity forSr2*,
mg/g

12,62
0,61

3,90

17,70
26,90
32,48
12,45
0,66

0,66

4,10
28,32
35,81

DB18C6 (1-5),
DB24C8 (6-10),
xlO"4 M/g

1,440
0,072

0,456

2,023
3,070
3,707
1,420
0,074

0,074

0,451
3,071
3,702

s,
m2/g

300
800

800

120
100
75

300
800

800

790
89
70

v,
cm3/g

0,8
0,3

0,3

1,23
1,42
1,53
0,8
0,3

0,3

0,3
1,46
1,58

d, A

120
20

20

410
570
820
120
20

20

20
680
850

The chemisorption of Sr was also studied using a solution of 85Sr (500 mL, pH= 1,7
(HNO3)); the activity of the solution was 132,5 Bq/mL. To a 0,5354 g of sample 2 and 0,543
g of sample 5 were added 50 mL of "Sr solution. The sealed vessels were placed in a shaker
and at 20, 50, 60, 90, 120, 180 minutes contact 1 mL sames were taken and analysed. The
results are listed in Table IV.

In order to determine what factors (surface area, pore size) are affected by the
modification of SiO2 matrix with a macrocyclic ligand we used two types of previously
prepared silica gels: one of them had low surface area (300 m2/g) but quite large pore size (120
A) and the other a high surface area (800 m2/g) and small pore size (20 A). The quantity of
DB18C6 in these two samples were 1,44 W4 M/g and 7,2 106 M/g respectively (Table III).
It is clear that the pore size is more imporant for acceptance of the crown-ether. The samples
1,2 which were synthesized using the impregnation method, demonstrated low chemisorption
capacity (Table III) because of their poor ability for macrocyclic ligands acceptance. In order
to increase the quantity of crown-ether in the SiO2 matrix we decided to introduce it into the
SiO2 on the stage of gel formation. Under these conditions, the ligand must participate in the
SiO2 lattice, surface and pore formation. Taking into account the results obtained for samples
1,2, we used such experimental conditions that would ensure the formation of SiO2 gel with
large pore size and containing a large amount of macrocyclic ligand.
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TABLE IV. STATIC CHEMISORPTION CAPACITY OF SAMPLES 1-5 TOWARD 85Sr
AND 137Cs, Bq/g OF SORBENT
No:

1
2
2'
3
4
5

Method

Impregn.
Impregn.

Coprecip.
Coprecip.
Coprecip.
Coprecip.

Static chemisorption
capacity (Bq/g) for
8SSr 137Cs

28862,26
1395,09
8914,40

40480,40
61520,99
74282,61

30,4
2,4

15,6
77,8
85,3

109,1

polymeric materials
by crown-ether

PDB18C6
PDB24C6
PDB18C6
PDB18C6
PDB24C8
PDB24C8

K3Fe(CN)6

K4Fe(CN)6

K3Fe(CN)6

IQFeCCN^

Static
chemisorption
capacity for
137Cs, Bq/g

10,2
4,3

263,23
3649,5

624,6
392,3

Sample activity for °Sr was measured on Y-spectrometer ATKAM-300 (EG&G ORTEC), time of measuring - 200 sec. Sample activity for
151Cs was measured on Y-spectrometer with semiconductor detector DGDK and impulse analyser AC-1024-95-16.

Comparing the results obtained for samples 2'-5 (Table III), it is apparent that increase
of pore size leads to increase of macrocyclic ligand content in the prepared materials. They
have a different static chemisorption capacity for Sr: the highest value was obtained with
sample 5,which has the maximum pore size. Comparing data for samples 2'-5 it is clear that
an increase in DB18C6 concentration does not vary linearly with increase in pore size. In our
opinion it is connected with saturation of the SiO2 matrix by DB18C6 and self-association of
DB18C6. As a result, on the surface are present "active" and "non-active" crown-ether
molecules. The quantity of "active" DB18C6 was measured by the static chemisorption
capacity for Sr2+.

The data listed in Table IV shows that the prepared samples are quite good sorbents for
85Sr and 137Cs, and the best among them is sample 5, which contains a greater amount of
DB18C6. It is interesting that their Cs and Sr ions decontamination ability does not correlate
with the amount of DB18C6 in the sample and is quite different for crown-ether modified
polymers which we have previously synthesized and which are a good sorbents for Cs.

This suggests that the nature of matrix has an effect on chemisorption. For example,
comparing the data for samples 1,5 and PDB18C6, we can see that the concentration of
DB18C6 in samples 1, 5 is only 2 and 5 times greater then for PDB18C6, but their
chemisorption ability is 3 and 10 times greater respectively. Here the pore size of SiO2 matrix
has a large effect, which is better than polymeric matrices, because of it own sorption
properties.

These results are in a good agreement with data obtained for SiO2 samples containing
DB24C8 (Table V).

All these samples (6-10), despite different contents of DB24C8 (Table I), have higher
decontamination properties compared to PDB24C8 and are more effective than even samples
1-5 respectively. In our opinion this is connected with the influence of SiO2 matrix
characteristics on chemisorbtion (which are dependent of the initial concentrations of reagents).
These characteristics also depend on the nature of the crown.

Looking at the results in Tables I-III we think that it is very interesting to synthesize
such samples as 4,5,9,10 with encapsulated ferricyanides in order to increase their
chemisorption ability.
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TABLE V. STATIC
DB24C8) FOR 85Sr

CHEMISORPTION CAPACITY OF SAMPLES 6-10 (CONTAINING
AND 137Cs, Bq/g OF SORBENT

No Method

6 Impregn.
7 Impregn.
7' Coprecip.
8 Coprecip.
9 Coprecip.
10 Coprecip.

Static chemisorption
capacity (Bq/g) for

8SSr 137Cs

25683,1 30,4
1125,02 4,2
9112,10 18,7

41356,30 81,4
63720,40 89,3
77381,50 125,4

Crown-ether polymeric
materials modified by
crown-ether

PDB18C6
PDB24C8
PDB18C6 K3Fe(CN)6

PDB18C6 K4Fe(CN)6

PDB24C8 K3Fe(CN)6

PDB24C8 K4Fe(CN)6

Static
chemisorption
capacity for
137Cs, Bq/g

10,2
4,3

263,23
3649,5

624,6
392,3

This year we also continued work in the field of the removal of Ru and other noble
radionuclides and also Co, Cr. We synthesized and characterised, by IR, NMR, UV, VIS-
spectroscopy, elemental analysis and thermogravimetry, a few samples containing
tetraazamacrocycles. However the quantity of ligands in the prepared sorbents was quite small
(by comparison with corresponding polymeric materials). This is due to poor solubility of the
macrocycles in alcohol and because of this we can use only the impregnation method. We are
now working on modifying the sol-gel method for preparing SiO2 azamacrocycles samples.

The first step was the synthesis of sample 11 containing a tetraazamacrocycle. The
concentration of ligand in this sample was quite high and close to that of the macrocycle in
P-Ml. This sample had good chemisorption characteristics (even higher than for P-Ml) for

Co, Cr decontamination. It was tested using cobalt and chromium salts where the metal ions
are in oxidation states II and III respectively. For oxidation state II the process of
decontamination was very fast, but for oxidation state III the process of decontamination was
slow and was accelerated by heating.

4. CONCLUSION

Some inorganic (IN) and polymeric (P) materials, containing tetraazamacrocycles
(TAM) and crown ethers (CE) have been synthesized:

IN-TAM, IN-CE, P-TAM, P-CE

They have been studied as sorbents for binding of Ru (and other noble radionuclides),
Co, Cu, Ni (IN-TAM, P-TAM),Cs, Sr (IN-CE , P-CE) from model waste solutions. It has
been established that polystyrene modified with tetraazamacrocycle (P-Ml) quantitatively binds
Ru and other noble metal ions at pH 0-1 and 3d-metal ions at pH > 7. P-Ml showed selectivity
for noble and 3d-metal ions which was pH dependent.

The results of a study of sorption of 137Cs from a model waste solution by polystyrene
or its copolymer with PB15C5-crown-5 or PDB18C6-crown-6, PDB24C8-crown-8 showed that
all of them remove 137Cs from the solution with different Kd values. The most effective sorbent
was obtained when the modifier was present on the surface of the sorbent as complex with
metal salts and the best result was obtained with PDB18C6-K3Fe(CN)6 and PDB24C8-
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The results obtained for two types of new inorganic sorbents (IN-CE, IN-TAM)
containing macrocyclic ligands as chelating groups and silica-gel as a matrix show that these
materials are able to sorb even trace amounts of Sr and Cs from aqueous solutions. It was
established that pore size is more important for acceptance of the crown-ether and
correspondingly for efficiency of Sr, Cs chemisorption process and their decontamination. The
best results in 85Sr, 137Cs decontamination were obtained with material containing the
maximum quantity of DB18C6. But with IN-CE materials, Cs and Sr ions decontamination
ability did not correlate with the amount, for example of DB18C6, in the sample. This poin.c:
to the role of the inorganic matrix and its texture on the process of chemisorption.

The results obtained during examination of the new materials (IN-CE, IN-TAM, P-CE,
P-TAM) show that such materials have potential for Cs, Sr, Ru, Co etc. decontamination. The
results also pointed to ways of increasing the decontamination properties of such materials.

The information on this work is also presented in the following publications:

1. MANORIK, P.A., MUSICHENKO, V.I., BOYKO, A.N. The Ru and c
platinoids chemosorbtions on the new tetraazamacrocycles modificated polys
materials.- Ukrainian Chemical Jornal, 1993 (in press).

2. MANORIK, P.A., MUSICHENKO, V.I., BOYKO, A.N., YATSIMIRSKII, K.B.
New tetraazamacrocycles modificated polymeric materials for 3d,4d,5d-metal ions
selective immobilization.- Dokladi Academii nauk Ukraine, 1993 (in press).

3. MANORIK, P.A., MUSICHENKO, V.I., BOYKO, A.N., YATSIMIRSKII, K.B.
New tetraazamacrocycles modificated polymeric materials for 3d,4d,5d-metal ions
selective immobilization.- Nuclear and hazardous waste management interna,.;<: ~-'
topical meeting "Spectrum-94", was held in Atlanta, Georgia, USA, August 14-18,
1994.

4. TALANOVA, G.G., YATSIMIRSKII, K.B., MANORIK, P.A. New crown-ethers
modificated materials for Cs, Sr immobilization.- Nuclear and hazardous waste
management international topical meeting "Spectrum-94", was held in Atlanta,
Georgia, USA, August 14-18, 1994.
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