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SYNOPSIS

The synthesis of a water-insoluble metal ion complexing resin was carried out by radical
polymerization of 2,2-bis(acrylamido) acetic acid. The resin was characterized by elemental
analyses, FTIR spectroscopy, and thermal analyses. The ability to bind copper(1I), iron(II),
iron(11I), and uranium(VI) as well as the elution of the metal ions from the loaded resins
were studied. For uranyl ions, pH 5 was the optimum sorption pH value. Sorption selectivity
from the binary mixture Cu(II) + U(VI) was studied at pH 2. The thermal stability is
increased by adsorption of UQZ%". According to these results a coordination mechanism is
suggested for sorption of copper and uranium. © 1995 John Wiley & Sons, Inc.

INTRODUCTION

Metal-chelating and ion exchange polymers have
been used in hydrometallurgical applications such
as recovery of rare metal ions from seawater' and
removal of traces of radiactive metal ions from
wastes.” These methods have found widespread ap-
plicability owing to their selectivity.

The rising world prices for metals coupled with
the introduction of strict regulations against the
pollution of the environment have focused attention
on the recovery of metal from lean ores and wastes.
Metal extraction based on liquid-liquid contact
processes, and liquid-solid contact processes in
which the metal is precipitated from a solution or
adsorbed on a solid matrix, are the two main types
of processes that play a leading role in this separa-
tion. Frequently chemically modified polymers are
used as synthetic ion-exchange resins. Their main
advantages are high chemical and mechanical sta-
bility, high ion exchange and high exchange rate.
The application of commercial ion exchange resins
to metal ions recovery from aqueous solution is a
concept that has been extensively studied.®>* Prin-
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ciples that are understood in solvent extraction
chemistry®® are applied to the solid-liquid extraction
processes.

Many ion exchange substances based on phenol-
formaldehyde-ligand copolymers’ have been de-
scribed in the literature together with details of their
chelating behavior toward metal ions and selectivity,
which is the main feature of chelating ion ex-
change.®?° Today, many routes are available both
for the direct and indirect introduction of a chelating
function into a high polymer matrix.

In this article the synthesis and uptake properties
are reported for Cu?*, Fe?*, UOZ*, and Fe®" of a
resin obtained from 2,2-bis (acrylamido ) acetic acid
(AmAA), a monomer that contains two double
bonds to achieve a network matrix and a metal ion
complexing group as a carboxylic or carboxylate
group.
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EXPERIMENTAL

Reagents

The chemicals were used without further purifi-
cation. The metal salts chosen for the present
study were analytical reagent grade, CuSO, - 5H,0,
uranyl acetate UQ,Ac:-2H,0, iron(Il) sulfate
FeSO, - 7H,0, and iron (I1I) chloride FeCl; - 6H,0.
All solutions were prepared with deionized water.

Preparation of Crosslinked AmAA

The resin was synthesized by radical polymerization
dissolving 0.04 mol of AmAA in 70 mL water. Am-
monium peroxydisulfate (0.2 mol % ) was added un-
der N,. The reaction mixture was heated at 70°C
for 2 h. After the completion of the reaction, the
insoluble water material was filtered, washed re-
peatedly with water, and dried under vacuum to
constant weight. The yield was 89.6%.

Uptake of Cu?*, UO3*, Fe?*, and Fe®* lons

A batch type equilibrium procedure was used to de-
termine the metal ion uptake from aqueous solution
by the resin. A 100-mg sample of resin was added
to 10 mL of 1 g/L solution of the metal ion. The
pH value of the aqueous solution was varied between
0 and 5 depending on the metal ion and it was ad-
justed with NaOH or H,SO, to the desired constant
value. The two phases were shaken at room tem-
perature for 1 h. After shaking, the two phases were
separated and the supernatant solution was then
analyzed for Cu(II), Fe(Il), and Fe(IIl) using
atomic absorption spectrophotometry and, for
U (VI), colorimetrically.*

The maximum load capacity was defined by con-
tacting 1.0 g of resin with 50 mL aqueous solution
containing 1 g/L in uranium or copper. The aqueous
solution was separated by decanting and filtration.
The process was repeated three times. The metal
ions were analyzed in the supernatants as above.

Table I Characterization of Resins

Recovery of Metal lons

Desorption assays were carried out with the Cu?*
and UO%" loaded resins at maximum capacity at
room temperature (ca. 20°C). The ions were eluted
by shaking 0.1 g of resin with 10 mL of 1M and 4 M
H,S0, and 0.25M and 1M Na,COj, respectively,
for 1 h. The resin was separated by filtration and
the metal ions were analyzed in the supernatants as
above.

Measurements

The FTIR spectra were recorded on a Magna Nicolet
550 spectrophotometer. Thermal stability analysis
was carried out on a Perkin-Elmer T'GA-7 with a
heating rate of 10°C min ! under N,. Measurements
of pH values were performed with a digital Extech
Microcomputer pH-meter. Cu(II), Fe(II), and
Fe(IIl) were analyzed on a Perkin-Elmer 1100
atomic absorption spectrophotometer, and U (VI)
was analyzed with a CADAS 100 spectrophotometer.

RESULTS AND DISCUSSION

Synthesis and Characterization

The acrylamide resin was completely insoluble in
water and organic solvents. The particle size of the
resin immediately after polymerization ranged be-
tween 180 and 1000 um. Subsequently, it was
crushed to yield a material with a particle size be-
tween 180 and 250 um. This fraction was employed
to study the metal ion uptake properties. The po-
lymerization yield and elemental analyses of the
resin are summarized in Table I.

Adsorption Behavior of Metal lons

The ability of the resin to bind Cu?*, Fe?*, UO3",
and Fe®* ions from aqueous solutions is shown
graphically in Figure 1. The study was carried out
up to pH 2.0 for Fe?* and Fe®' and to pH 4.0 for

Particle Size (s)
(um)

500 < s 250 < s
< 1000 < 500 < 250

180 < s

Total Elemental
Yield Analysis

(8) (%) (8) (%) (2) (%)

(8) (%) C% H% N%

1.5 11.9 4.0 50.5 1.6 20.2

71 89.6 48.65 5.15 14.05
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Figure 1 Metal ion uptake as a function of pH. (O)
Cu(Il); (a) Fe(II); (@) UO,(II); and (A) Fe(III).

Cu?* to avoid the hydrolysis of metal ions at higher
pH. From the results one can infer that the relative
amount of metal ion taken up by the resin increases
steadily with increase of the pH of the medium. The
retention of Fe?* and Fe®' is lower than 33%, but
Cu?* and UOZ" are significantly adsorbed from pH
1.0 and, at pH 5 95% of UO%* was adsorbed from
an aqueous solution containing 1 g/L in U(VI).
These results are helpful in selecting the optimum
pH for a maximum load capacity (see Table II), and
a selective uptake for a metal ion from a mixture of
different ions.

The rate of UOZ* sorption of the resin was de-
termined to find the shortest time period for which
equilibrium could be carried out while operating as
close as possible to equilibrium conditions. The rate
of UOZ%" sorption is represented in Figure 2. The
resin requires only about 30 min to achieve equilib-
rium.

The selectivity of metal ion uptake was studied
using mixtures of 1.0 g/L solutions of two metal
ions. Corresponding to 100% maximum capacity of
bound metal ions, the values for each metal ion are
summarized in Table III. UO3* is bounded prefer-
entially versus Cu?* and Fe®*. The highest selectiv-

Table II Maximum Capacity of Load for Cu?**
and UO%* by Batch Equilibrium Procedure

Metal Ion pH mg/g Dry Resin  meq/g Dry Resin

Cu®* 3 59.75 1.88
Uo% 3 277.22 6.98
U0t 5 299.26 7.55
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Figure 2 Rate of UOZ" uptake of the resin at pH 5 con-
tacting 100 mg resin with 10 mL of an aqueous solution
of 1 g/L in U(VI) at room temperature.

ity is shown for Fe®" versus Fe?* but the retention
is not high, 31 and 6%, respectively (see Fig. 1).

For the regeneration, all Cu?* and UO2* contain-
ing resin (at maximum load capacity) were treated
with 1M and 4 M H,SO, and 0.25 and 1 M Na,CO;.
The results are shown in Table IV. Copper is highly
eluted in acid medium (>80% ) but not in basic me-
dium. On the other hand, UO2" is recovered in about
40% in both media. U (VI) in basic media could form
a stable carbonate complex, [UO,(CO;);]4".18

Composition of Resin and Sorption Mechanism

Figure 3 shows the FTIR spectra of the resin alone
and saturated with UOZ%* at pH 5 or Cu®' at pH 3.
According to the literature? the peaks in Figure 3(a)
can be analyzed as follows at: 1756.1 cm™! charac-
teristic absorption band of C==0 stretching of the
monomeric carboxylic acid group; 1665.2 cm™! the
signal due to the carbonyl in the amide groups;
1525.4 cm™! the N-H deformation in the amide
groups; and 1413.6 cm ™! (w), 1315.7 ecm™! (s) the
signals attributed to coupled vibrations involving the
C— O stretching and O —H in-plane deformation
vibration.

Table III Uptake Metal Ion from Binary
Mixture at pH 2

Uptake
Metal Ions mg %
Fe’* 1.90 29.5
Uo; 4.54 70.5
Cu?* 2.41 43.9

Uozt 3.08 56.1
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Table IV Metal Ion Elution (%) with Sodium
Carbonate and Sulfuric Acid

HQSO4 N32003
Metal lon  pH 1M aM 0.25M  1.0M
Cu?* 3 81.8 828 2.0 29.9
Uost 3 40.1 42.2 39.1 40.0
uos* 5 36.7 40.1 37.0 36.7

Comparing trace (b) with (a) in Figure 3, it can
be seen that the peak at 1756.1 cm™' almost disap-
pears, the peaks at 1665.2 and 1525.4 cm™! move to
1683.4 and 1518.8 cm ™}, respectively, and a new peak
at 933.1 cm™! appears, which is identified as the
stretching vibration mode of the O — U —O linear
structure.?® These results suggest that the resin op-
erates by a neutral coordination mechanism and not
by an ion exchange mechanism, as has been pointed
out for similar systems.?

i

UO% + 2RCOOH ——————» R—C! V]
\ CII)\
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Similarly, from comparing trace (c¢) with (a) in
Figure 3, it can be seen that the peak at 1756.1 cm™*
becomes weaker and changes to 1754.8 cm™! and the
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Figure 4 Thermogram of the resin in N, atmosphere;
heating rate 10°C min™!; weight of resin 1.167 mg.

peaks 1665.2 and 1525.4 cm™! move to 1671.0 and
1511.2 em™*, respectively. (In addition, the peak
at 1413.6 cm™! is strengthened and moves to
1397.0 cm™.)

This is also in agreement with a coordination
mechanism for copper where two or more carboxylic
groups are involved.

Thermal Stability of Resins

The resin is very stable up to about 250°C (see Fig.
4). To determine the effect of the metal ions ad-
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Figure 3 TFTIR spectra of: (a) chelating resin; (b) adsorbed UO%* at pH 5; and (¢) with

adsorbed Cu?* at pH 3.
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Table V Thermal Stability of Unloaded (R-) and Metal Ion Loaded Resin (R—M?Z)

Weight Loss (%) at Different Temperatures (°C)

R- and R-M** pH 100 200 300 400 500 TDTio%
R- — 0.97 1.35 22.70 43.29 59.67 265
R-Cu** 3 7.23 9.02 87.87 90.73 97.10 230
R-UO%* 3 3.64 6.84 11.03 39.53 47.98 293
R-UO%" 5 0.00 1.47 7.34 29.16 37.61 307

TDT,%, thermal decomposition temperature in which 10% resin weight has been lost.

sorbed on the resin on thermal stability, thermo-
gravimetric analyses were carried out. The resin was
loaded according to the maximum capacity (see Ta-
ble V). UO%" increases the thermal stability of the
resin. Thermal decomposition temperature in which
10% resin weight has been lost increased by 10% at
pH 3 and 16% at pH 5.0, which is in agreement with
the higher UOZ" uptake at the last pH (see Fig. 1).

CONCLUSIONS

AmAA is an excellent monomer to obtain a com-
plexing metal ion resin due to the presence of two
double bonds allowing radical polymerization and
crosslinking, as well as the presence of a chelating
group as carboxylic acid or carboxylate. This resin
is very stable up to 250°C, and the UOZ* adsorbed
on the resin increases the thermal stability, perhaps
by reason of the metal ion providing a coordination
crosslink.

The resin significantly adsorbed Cu?' and
UOZ", particularly the latter at pH 5 at 95%. It does
not retain a significant level of Fe?* and Fe®*.

It is possible to recover the copper loaded resin
by elution with 4 M sulfuric acid (82.0% ). Uranium
is moderately eluted either in basic or acid media
(ca. 40%).

The authors thank to FONDECYT (Grant 92-0243) for
financial support.
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