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Abstract

In this research, Polyacrylamide-diatomite (PAA-D) composite was used as adsorbent for the efficient removal of uranyl
ions from aqueous solution. The chemical and morphological properties of PAA-D composite were confirmed by several
analysis. Batch experiments were performed as a function of solution pH, initial concentration, kinetic, thermodynamic
and recovery. The maximum metal uptake capacity was found as 0.085 mol kg~!. Kinetic data were best interpreted by a
pseudo second order model. Thermodynamic findings showed that the adsorption process was exothermic, spontaneous and
process with increased disorderliness at solid/solution interface. The recovery studies showed that PAA-D composite had

good adsorption/desorption performance.
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Introduction

Rapid developments of nuclear technology as well as the
mixing metal specimens used in these areas to the environ-
ment and water as a waste poses a serious threat to environ-
ment and human health. Uranium is a radioactive element,
is mainly used in nuclear facilities with its highly enriched
form, while low enriched uranium is used in widely range
of military, industrial and scientific purposes [1]. So, wastes
generated by this widespread use of uranium has a major
impact on human health and environment. A recent study
by Wang et al. [2] concluded that the most common type of
uranium in aqueous phase is hexavalent uranium (UO,*"),
which has a radioactive property. It accumulates in organs
such as bone, liver and kidney and it’s the leading cause of
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cancer deaths and organ failure. In addition, the recovery of
rare precious metals from waste is economically important.
For example the concentration of uranium in seawater was
measured approximately 3.3 ugL~!, and considering this
amount, recovery studies are the most important [3].

With these properties, the recovery of uranium from the
environment by various methods has become one of the most
investigated species. Adsorption is the one of the most effec-
tive method for the recovery or removal from the species,
which found as pollutants. This method compared with other
commonly used methods for example, precipitation [4], fil-
tration [5], biological treatment [6] it comes into prominence
with its easy applicability, development of selective adsor-
bent for related species and economical.

Synthetic polymers [7], minerals [8, 9], natural polymers
[10], and composites [11, 12] which can carry a functional
group and complex with metals, or can be used for metal
adsorption by ion exchange, are widely used especially in
the removal of metal contaminants [4]. Natural minerals,
such as clay, zeolite, sepiolite, diatomite, have been found to
be potentially absorptive because of their high surface area
and being open to modification and [13]. However, a num-
ber of undesirable properties of these natural minerals, such
as surface loads, alterations of pH solution or coagulation,
have made it difficult to use them in various modifications
or composites.
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Diatomite is a silicate rock which has high surface area
formed by fossilized skeletons of unicellular algae [14].
Studies have shown that, diatomite is a potential adsorbent
for pollutants which is a natural material with high water
holding capacity [15]. However, coagulation with water lim-
its the practical use of diatomite as an adsorbent.

In this research, a novel composite was formed by using
diatomite and polyacrylamide hydrogel which is known
as inert and has a high water holding capacity. Thus, the
adsorption of uranyl ions in the aqueous phase using this
composite as the adsorbent was aimed. The characteriza-
tion of the new composite was illuminated by FT-IR, SEM,
EDX and surface load surveys. The parameters affecting the
adsorption of the uranil ion have been investigated in terms
of pH, initial concentration, time, temperature and recovery.
The results showed that the new composite formed can be
used as an effective adsorbent for uranyl ion by means of its
economicalness, ease of composite formation, high adsorp-
tion capacity and adsorption rate.

Experimental procedure
Reagents and instrumentation

Diatomite used in the adsorption research was
obtained from Akmin Mining (Ankara). Ammo-
nium persulphate (APS), Acrylamide monomer (AA),
N,N,N’,N'-tetramethylenediamine (TEMED) and N,N’-
methylenebisacrylamide were purchased from Sigma (St.
Loius, MO, USA). (CH,;COO),U0,-2H,0 and 4-(2-pyri-
dilazo) resorcinol (PAR) as complexing agent in spectro-
photometric measurements of uranly ion and other chemi-
cals were purchased from Merk (Germany). Ultrapure
water was used in all experiments. All experiments were
continuously double run. PAA-D and its components were
characterized by FT-IR, SEM-EDX (TESCAN MIRA3
XMU) and XRD (RIGAKU) analysis. FT-IR analysis was
recorded using the FT-IR spectrophotometer (Perkin Elmer
400) in order to examine the functional groups in the range
of 400-4000 cm~! with KBr pellets. The specific surface
area and micropore volume of diatomite (D) and polyacryla-
mide-diatomite (PAA-D) composite were measured using
N, adsorption—desorption (AUTOSORB 1C) at — 196 °C.
The surface area, total pore volume and micropore volume
were determined by multipoint BET (Brunauer, Emmett and
Teller), t-plot and DR (Dubinin—Radushkevic), respectively.
Uranyl concentration was determined using UV-VIS spec-
trophotometer (SHIMADZU, 160 A model, Japan). This
spectrophotometer has a wavelength range of +0.2 nm and
2 nm wavelength within the range of 190-1100 nm. A pH
meter (Selecta, Spain) was used to measure pH values with
glass-calomel electrodes. Centrifuge (Hettich Universal) was

@ Springer

used to accelerate phase separation. A thermostatically con-
trolled water bath to keep the constant temperature (Nuvent
120, Turkey) was used.

Synthesis of composite

For synthesis of PAA-D composite, 1 g of diatomite in
20 mL of distilled water and 20 mL of solution containing
2 g acrylamide monomer were stirred until a homogenous
mixture was obtained. Then 0.2 g N,N" methylenebisacryla-
mide was added onto this mixture and stirred on magnetic
stirer. Polymerization reaction was sustained by adding 400
pL of N,N,N',N'-tetramethylenediamine (TEMED) and 1 g
ammonium persulfate (APS) in rapid cycle. The obtained
new composite was washed with ultrapure water for several
times in order to reach approximately pure water conduc-
tivity. After then, it was dried at 40 °C, ground (50 mesh),
stored in an airtight container.

Batch adsorption procedure

Adsorption experiments were carried out using batch
method. The adsorbent—solution systems where equilibrated
with 1000 mg L™! (3.7 x 1073 mol L™!) uranyl concentra-
tion at pH 4.5, for 24 h at 298 K in a 10 mL polypropylene
tubes. The concentration of uranyl ions was determined by
using the PAR method [16]. In this method, concentration
of UO,>* ions are formed as spectrophotometrically a selec-
tive complex with PAR at 1=530 nm. %Adsorption and Q
(mol kg~!) values shown in Eqs. 1 and 2;

. G -G
%Adsorption = C x 100 1)

m

C -G
0= [—]xv 2)

Here, C;; the initial concentration of the adsorbed (mg L'l),
C; equilibrium concentration (mg LY, 0 (mol kg‘l) the
amount of adsorbed ions, m; the adsorbent mass (g) and V
define the solution volume (L). The synthesis of PAA-D
composite and batch adsorption process is presented in
Fig. 1.

Reusability procedure

Under the optimized conditions, the reusability availability
of PAA-D for UO,** adsorption were desorbed from the
adsorbent using 10 mL of 1 M HCI, HNO;, NaOH and Ethyl
alcohol. The desorbed amount of uranyl was determined by
spectrophotometric method.
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Fig. 1 Schematic illustration for synthesis of PAA-D composite used as the adsorbent for the removal of uranyl ions from aqueous solution and

batch adsorption process

Results and discussion
SEM/EDX investigation results

The SEM images of D, before, and after the adsorption of
U022+ on PAA-D were shown in Fig. 2a, b, c. The Fig. 2a
clearly reveals that the well-preserved forms of diatoms gen-
erally have cylindrical and disk shapes with well-developed
porous structure. There are also small broken particles of
other kinds of diatoms [17]. The SEM image of PAA-D
shows a structure having the morphology of the component
in Fig. 2b. Figure 2c shows that the surface morphology
changed when porous surface adsorbed U022+. Figure 2d
shows the EDX results of after adsorption of UO,** on
PAA-D. As seen from these results, the PAA-D is consisted
with elements of O (40.86%), C (21.00%), Si (12.93%), Mg
(10.23%), U (5.98%), Al (4.66%) and Fe (4.34%). The C
and O contents of PAA-D is evidence of presence of PAA.
On the other hand, the U content of PAA-D is evidence of
adsorption of UO,** on PAA-D.

FT-IR analysis results
The Fourier transform infrared spectroscopy (FT-IR) analy-

sis is utility technique used to obtain an infrared spectrum
of metal absorption of the functional groups. D and PAA-D

were characterized by FT-IR spectrophotometer (Fig. 3).
In the FT-IR spectrum of D is observed peaks for asym-
metric stretching of Si-O-Si bonds at 1076 and 1100 cm™!,
the peaks symmetric stretching of SiO-H bonds at 750
and 850 cm™" and Si-O-Si bonding vibration at 493 cm™'
[17-20]. In the PAA-D spectrum is observed peaks repre-
senting the —C=0 stretching vibration of the amide group at
1672 cm™!, the -NH, bending vibration of the amide group
at 1610 cm™!, the —-CN stretching vibration of the amide
group at 1425 and 700 cm™" in structures of the PAA [21,
22]. These results showed that the PAA-D composite was
successfully synthesized.

When the FTIR spectrum of the uranyl adsorbed PAA-D
structure is examined, it is observed that peaks 678, 1176
and 1348 cm™! are formed after adsorption. The increased
intensity of peak at 712 cm~! in PAA-D structure after
adsorption and the shift in peak maximum wavelength were
considered as evidence of uranium entering the structure.

XRD analysis

Figure 4 shows the divergence among the used diatomite in
calcined form, polyacrylamide (PAA) modified diatomite
composite and UO, doped PAA-D composite in powder
form. Pure diatomite (XRD-PDF #33-1161) can be seen
characteristic by a hump at 22° 26 with some trace phases
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Fig.2 SEM images of D (a), PAA-D, before adsorption of U022+ (b), PAA-D, after adsorption of U022+ (¢), EDX pattern obtained the after
adsorption of UO,** (d) {[UO22+]0: 1000 mg L', adsorbent dosage: 100 mg, natural pH: 4.0-4.5, contact time: 24 h, temperature: 298 K}

of calcite (CaO) and silicate (quartz-SiO,) as seen by nar-
row sharp peaks as 28° and 29° 26. This can be attributed to
the opal form (SiO,-nH,0) of diatomite, which transformed
into quartz, after dehydration by the calcination. Many other
small peaks are evident due to dehydrated layered silicates
forming a monoclinic and triclinic large non-symmetric
crystal [23].

The presence of polymer phase in PAA-D composite can
be seen by the hedged top of main diatomite peak around
22°, can be seen by the hedged top of main diatomite peak
around 22° 26 to form a amorphous hump which is charac-
teristic for polymers. Same trace compounds as calcite and
silicate can still be seen as intercalated by polymer between
layers mainly due to the enlarged peak at 29° [24].

The presence of UO, in PAA-D composite can clearly be
identified by the increased peaks at 28° and 32° 26 as main
two peaks of UO, (XRD-PDF #75-0420) accompanied by
47° and 56° 20 as other strong diffractions. By the addition
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of U cation into the PAA-D composite, the sharp peak of
diatomite can be seen again at 22° while the quartz peak was
disappeared at 29° [25, 26]. This may be due to the deterio-
ration of layered structure of silicate due to the symmetric
UO, cubic crystal may affect Si cation as a crystal stabi-
lizer. The average yield of UO, in PAA-D composite can be
approximated ranged from 7 to 10 wt% in dry basis as cal-
culated due to peak intensity and peak area measurements,
respectively by post process in XRD MDI Jade® program.

BET analysis

Nitrogen adsorption—desorption isotherms of D and PAA-D
and the results of BET analysis were given in Fig. 5 and
Table 1, respectively. According to IUPAC, if the pore diam-
eter of the materials is in the range of 2-50 nm and > 50 nm
the mesopore and macropore are defined, respectively. On
the other hand, if the pore diameter is <2 nm, the structure
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Fig.3 FT-IR spectrum of D, PAA-D and UO22+ adsorbed PAA-D {[UO22+]O: 1000 mg L', adsorbent dosage: 100 mg, natural pH: 4.0-4.5, con-
tact time: 24 h, temperature: 298 K}
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Fig.4 XRD spectra of D and PAA-D
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Table 1 Changes in specific surface area and pore characteristics of
D and PAA-D

Samp]e S%ET (m2 g_l) Vt"l’"ma] (Cm3 g_l) anicro (Cm3 g_l) Dp (A)

D 51.8 0.1035 0.00914 7.80
PAA-D 215 0.0333 0.00320 4.27
*Multipoint BET method

®Volume adsorbed at p/p,=0.99

“Micropore volume calculated by DR method

is defined as microporous [27]. When Table 1 was examined,
it is seen that the porous diameter of D and PAA-D were
<2 nm, which indicates that D and PAA-D have a micropo-
rous structure. The pore size of the PAA-D composite was
found to be less than D. It is thought that, the decrease in
pore size after the formation of the composite structure may
be due to the narrowing of the pores due to the filling of the
polyacrylamide pores. As shown in Table 1, PAA-D was
reduced the BET surface area, pore volume and pore diam-
eter compared to D.

Effect of solution pH

One of the most important parameters affecting the adsorp-
tion process of metal ions is the pH of aqueous solution.
This situation is directly related to the competition abili-
ties of hydrogen ions with the metal ions to the active
sites of absorbent. Adsorbent surface is protonated at low
pHs, therefore the interaction between the surface and the
ions is decreased, so adsorption reduces. Hydrogen ion
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concentration decreases with increasing pH and the amount
of adsorbed metal increases.

The pH effect of adsorption of UO,** ions on PAA-D was
studied in the pH range 1-7. The results clearly shown that,
the adsorption rate increased with increasing pH (Fig. 6).

It was observed that adsorption increased from 19 to 91%
by increasing pH from 1 to 7. The maximum adsorption
was reached 91% at pH 6. As the concentration of H* ions
decreased, the amount of adsorbed U022+ was increased
with increasing pH. Hydrolysis of uranium ions increases
with increasing pH. For these reason, the values above pH
6 has not been overpassed due to hydroxide precipitates of
the UO,** ions for example (UO,);(OH)’~, UO,(OH)*",
UO,(CO5)3™ precipitates [28, 29].

The determination of point of zero charge (PZC) was per-
form to examine the surface charge and acidic—basic charac-
ter of adsorbent. For that 0.1 g PAA-D and D were prepared
and their initial pH was adjusted in the range of 1.0-12.0 by
NaOH and HCI at 298 K for 24 h and results shown in Fig. 7.
The surface charge of D and PAA-D were found 7.1 and 4.9
respectively. Therefore, the surface of PAA-D composite
adsorbent above pH 4.9 is negatively charged, under these
values it is positively charged. The decreasing adsorption
of UO,*" ions on PAA-D at low pHs explained in terms of
changing in the surface charge of the adsorbent.

Adsorption isotherm models
Modeling of equilibrium data in adsorption studies is most

important for to evaluate adsorbents in terms of adsorp-
tion capacity. The experimental data were applied to the



Journal of Radioanalytical and Nuclear Chemistry (2019) 321:791-803 797
Fig.6 The effect of pH on 0,4 100
the adsorption {[UO,**],:
1000 mg L™, adsorbent dosage: —e— Q (molkg™)
100 mg, pH:1.0-7.0, contact ®— Adsorption (%)
time: 24 h, temperature: 298 K} 480
0,31
Q
= {60 S
£ S
g g
(] 140 8
<
0,1
120
010 1 1 1 1 1 1 1 0
0 1 2 3 4 5 6 7 8
pH
Fig.7 PZC plots of D and L
PAA-D I o
10t e
6 8l o .
o
inniE
4t 4 .’
) 12 14
PH;
%_ 0 1 1
< 2 10
pH,
2Lk
4+
o D
® PAAD
6L

Langmuir, Freundlich and Dubinin—Radushkevich isotherm
models and the related parameters were derived.

The Langmuir isotherm model is used successfully in
monolayer adsorption processes and assumes that adsorp-
tion is homogeneous in active centers on the adsorbent. This
model can be written in non-linear form Eq. 3 [30].

— KLXmCe 3
1+K,.C. 3)

X, Langmuir monolayer adsorption capacity (mol kg™1),
K, Langmuir adsorption equilibrium constant (L mol™"), C,
Equilibrium concentration. Figure 8 shows the compability
to the Langmuir, Freundlich and Dubinin—Radushkevich
isotherm models and Table 2 shows the parameters derived
from all these models. The maximum UQ,>* adsorption
capacity for PAA-D was 0.085 mol kg™! and the K, value
was 54,490 L mol ™.
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Table 2 Langmuir, Freundlich and D-R models parameters

Cx10%mol L™

Langmuir Freundlich Dubinin—-Radushkevich
X, (molkg™) K (Lmol™") R K; B R? Xpr (mol kg™ —Kppx10° (mol? KI™2)  Epg Gmol™)  R?
0.085 54,490 0.785 0.348 0204 0933 0.15 1.91 16.2 0.919

The nonlinear experimental data of Freundlich isotherm
model, which provides information about the heterogeneity
of the adsorbent surface, explains the hyperbolic adsorption
behavior. The Freundlich equality is given in Eq. 4. [31].

0 = KC! @)
K; a measure of adsorption capacity, f: refers to the sur-
face heterogeneity of the adsorbent. Freundlich isotherm
parameter K; which indicates the capacity of adsorption
was found as 0.348 and f refers to the surface heterogene-
ity of the adsorbent was found as 0.204, which less than
one, indicating that the adsorption of U022+ ion onto PAA-D
is favorable. Comparison of R? values between Langmuir
and Freundlich isotherm models indicated that the adsorp-
tion of UO,** ion on PAA-D was better fitted the Freundlich
isotherm.

Dubinin—-Radushkevich (D-R) model is based on the
assumption that the adsorption is related to the surface
porosity and pore volume. This model interested in energetic
perspective. The D-R equality is given in Eq. 5;

Q = XDRe_KDREZ (5)
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In this equation (Eq. 5); Q (mol kg_l): the amount of
adsorbed UO,>*, X, a measure of adsorption capacity, Kpg
(mol® KJ?) activity coefficient, & Polanyi potential (Polanyi
potential is used as if € = RTln(l + CL> R the ideal gas

constant (8.314 J mol~! K™1), T (K) absolute temperature,
Epy adsorption free energy (kJ mol ™) is calculated by Eq. 6.

) -0.5

Epg = (Q'KDR (6)

The Epy value indicates the adsorption mechanism, which is
a physical or chemical. 8 < £ < 16 indicates that the adsorp-
tion is chemically controlled and while E <8 kJ mol~!
reveals the adsorption process physically [32, 33]. The
compability to the Langmuir, Freundlich and D-R isotherm
models were seen in Fig. 8 and the parameters derived
from these models were presented in Table 2. Epy value
was found as 9.7 kJ mol~!. This means that the adsorption
process carried out by chemical ion exchange mechanism.
The change of initial concentration with adsorption
and Q (mol kg~!) values shown in Fig. 9. Adsorption%
values decreased from 97 to 29% in 50-1000 ppm UO,>*
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indicated that the active adsorption sites on PAA-D was
decreased and saturated over the time.

Adsorption kinetics

Determination of kinetic parameters such as selectivity,
adsorption capacity, pH is the most important data to under-
stand the mechanism of adsorption. Mainly, significant point
is how long does time take to complete the adsorption? For
this reason, it must be known that the half-time of adsorp-
tion initial rate of adsorption and rate constant of reaction.

Lagergren’s pseudo first-order, pseudo second-order and
intraparticle diffusion models were applied to description
of the adsorption kinetics of UO,2* ions on PAA-D. Lager-
gren’s pseudo-first-order (Eq. 7); [34]

0 =Q.(1-e™) @
Q, (mol kg™1) is the adsorption capacity at time ¢, Q,
(mol kg™!) is the adsorption/loading capacity at equilib-
rium, k; (min~") pseudo first-order equilibrium rate constant.
Pseudo-second-order (Eq. 8); [35].

t
[+ [ ) °

k, (mol~! kg min~!) is the pseudo second-order rate con-
stant. The initial rate for the pseudo-first-order and pseudo-
second-order models of adsorption calculated using Egs. 9
and 10.

Qt=

Q, (mol kg™") the amount of adsorbed ions at ¢ time, Q,
(mol kg~") the amount of adsorbed ions at equilibrium time,
ky (min~") the first order rate constants, k, (mol kg min~")
the second order rate constants. Intraparticle diffusion model
calculated using Eq. 11 [36, 37]. k; (mol kg™! min=®7) the
intraparticle rate constant.

0, =kt an
Compatibility of UO,>* adsorption kinetics graphs to
pseudo-first-order model, pseudo-second-order model and
intraparticle diffusion models were shown in Fig. 10. Experi-
mental Q. and theoretically calculated Q,, kinetic rate con-
stants (k,, k,, k;) and regression coefficients (R*) were shown
in Table 3. According to these studies, harmony of experi-
mental (Q,) and theoretical (Q,) data are compatible with
the pseudo-second order model as can be seen in Fig. 10.
When the R? values were examined, it was observed that the
adsorption kinetics were compatible with the pseudo-second
order model.

Adsorption thermodynamics

The effect of temperature on the biosorption was exam-
ined at different temperature values as 278 K, 298 K and
313 K. Thermodynamic parameters including enthalpy
change (AH®), entropy change (AS°) and free energy change
(AG®) were determined using the following equations; The
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Fig. 10 Compatibility of UO,** *5/min®®
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pseudo-second-order and
intraparticle diffusion models Pseudo-first-order
parameters 0.089 0.095 0.882 158 15.1
Pseudo-second-order
Q/mol kg™! Q./mol kg™! R ky x 10*/mol~! kg min~! Hx10*mol kg~! min~!
0.098 0.097 0.970 2910 27
Intraparticle diffusion
R k;x 10%/mol kg~! min=0? -
- - 0.970 2.14 -

distribution coefficients (Kp,) were derived from Eq. 12; [38,
39].

12)

The free energy of adsorption (AG®) is related to K. Thus,
Eq. 13 may be written as;

AG = —RTInKy, (13)
The value of enthalpy changes (AH®) and entropy changes

(AS®) for adsorption was calculated using Eq. 14 in below;

iy = A5 _ 81

R RT

(14)

Thermodynamic parameters (AH® and AS°) are obtained
from Fig. 11. The slope (— AH°/R) and y-intercept (AS°/R)
of the data plotted as InKp, against 1/7. Gibbs free energy
change was calculated using Eq. 15.
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AG®° = AH® — TAS® (15)
Gibbs free energy change was calculated as — 8.8 kJ mol ™!,
—8.9 kJ mol™! and —9.0 kJ mol™" at 278 K, 298 K and
313 K respectively. The negative AG® indicates that spon-
taneous nature of adsorption is possible. The AH® value
was determined as — 8.3 kJ mol ™!, indicating that the U022+
adsorption on PAA-D process was exothermic at the work-
ing temperature. AS® was found as 2.1 J mol~' K~!, which
indicates that an increase in the randomness of the adsor-
bent/solution interface in the adsorption process.

Recovery

The stability of adsorption/desorption is very important with
regards to practical use of absorbent. A series of desorption
experiments with 1 M HCl, 1 M NaOH, 1 M HNO; and 1 M
Ethyl alcohol were studied for evaluation of the recovery
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Fig. 11 The effect of tem- 3,9
perature on the adsorption
{[UO,**],: 1000 mg L', adsor-
bent dosage: 100 mg, natural
pH: 4.0-4.5, contact time: 24 h, 38l
temperature: 298 K} '
37
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351
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Fig. 12 Recovery percent of various solvent for desorption of uranyl
ions {[U022+]0: 1000 mg L~!, adsorbent dosage: 100 mg, natural pH:
4.0-4.5, contact time: 24 h, temperature: 298 K}

conditions for adsorption of UO,** onto PAA-D. Results of
this study were illustrated in Fig. 12. As can be seen from
the Fig. 10, the highest recovery was obtained HCI (91%)
and HNO; (71%) solutions. Recovery value obtained for the
Ethyl alcohol was too low.

1Tx103K™’

Table 4 Adsorption capacity of UO,** by various diatomite based
adsorbents

Adsorbent Uptake References

HDTMA-diatomite
Raw diatomite

667.40 umol/g  [17
25.63 umol/g  [17
86.78 mg/g [40
34.54 mg/g [41
38.47 mg/g [42

3.36 mg/g [43
0.0081 mmol/g [44]
0.085 mol/kg  This study

Methylimidazolium modified diatomite
Magnesium silicate/diatomite
DT-HDTMA

Modified diatomite

Calcined diatomite
Polyacrylamide-diatomite

Comparison of adsorption capacity of the PAA-D
composite with literature

A comparison of the maximum adsorption capacity (X,,)
for other low-cost adsorbents and PAA-D-uranyl reported
in the literature is presented in Table 4. As shown in this
table, the maximum adsorption capacity of PAA-D is
higher than most adsorbents.

Conclusion

In this study, batch adsorption tests were performed for
the removal of UO,*" from the aqueous solution using
PAA-D composite. Our results obtained can be summa-
rized as follows:
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1. Optimal working parameters for maximum adsorption
are summarized as follows;

e The pH of the solution was natural pH:4.0-4.5

e The adsorbent amount was 100 g

e The contact time was 24 h and the temperature was
chosen as 298 K.

2. The obtained experimental data were fitted to Lang-
muir, Freundlich and D-R isotherm models. Based
on R? value obtained, the best explanation for adsorption
of U022+ on PAA-D was fitted with Freundlich model.
The monolayer adsorption capacity was found 0.085
mol kg~ in optimal conditions. Adsorption free energy,
which calculated from D-R isotherm was found as Epz
(16.2kJ mol_l). Thus, the obtained results showed that
is based on chemical interactions by using ion-exchange
mechanism.

3. The adsorption kinetic of UO,>" ions on PAA-D was
explained with pseudo second order model. Kinetic data
were best interpreted by a pseudo second order model.

4. Thermodynamic parameters AH®, AS° ve AG° showed
that adsorption was exothermic, convenient and sponta-
neous, respectively.

5. Recovery studies showed that the highest recovery was
obtained with HCI, whereas ethyl alcohol had the low-
est.

6. Findings in this paper showed that PAA-D adsorbent can
be a low-cost, effective and also performing a consider-
able high adsorption capacity.
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