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ABSTRACT

The adsorption and desorption behaviors of La(III) on SQD-85 resin were investigated using
batch and column methods. Batch adsorption studies were carried out with different pH,
contact time, and temperature. In the batch system, the SQD-85 resin exhibited the highest
La(III) uptake as 478mg/g at 308 K, at an initial pH value of 6.5. The adsorption of La(III)
follows the Langmuir isotherm better than Freundlich isotherm. The thermodynamic param-
eters such as the positive value of ΔH showed that the adsorption was endothermic in nat-
ure and ΔG, which were all negative, indicated that the adsorption of La(III) ions onto
SQD-85 resin was spontaneous. Column adsorption experiments indicated the maximum
adsorption capacity of 481mg/g for La(III), and Thomas model was applied to experimental
column data to determine the characteristic parameters of column useful for process design.
The desorption rate of La(III) was 99.8% when the elution agent is 1.0 mol/L HCl solution.
These results suggest that La(III) in aqueous solution can be removed and recovered by
SQD-85 resin efficiently.
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1. Introduction

Rare earth elements are being increasingly used as
important components in national defense industry,
metallurgy, machinery, chemical industry, agricultural,
and pastoral farming for their unusual spectroscopic
characteristic [1–4]. The lanthanide series of elements
comprises the elements between lanthanum in the
periodic table of elements. From the lanthanide
elements, lanthanum, the first rare earth element, has

attracted increasing interests to its unique physical
and chemical properties because of increasing
demands for advanced new materials. Lanthanum is
usually applied for advanced new materials such as
super alloys, catalysts, special ceramics, and organic
synthesis [5,6]. Lanthanum can enter the environment
in large quantities and is known to accumulate in the
human body when inhaled or digested from food
chain.

Several techniques, such as ion exchange, chemical
precipitation, membrane separation, reverse osmosis,
and extraction chromatography have been reported*Corresponding author.
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for the adsorption and separation of rare earth ele-
ments from aqueous solution [7–11]. Compared with
other methods, ion exchange has received considerable
attention in recent years because it is simple, conve-
nient, effective in removing metal ions, relatively low
cost and environmentally friendly [12–14]. SQD-85
resin (macroporous weak acid cation exchange resin,
acrylic acid as polymer matrices) is milky white poly-
meric particle that the degree of cross-linking is 12%,
specific surface area is 540–580m2/g, and average
pore diameter is 12–16 nm. It contains a functional
group (–COOH), and not only has the proton that can
exchange with cation, but also has oxygen atom that
can coordinate directly with metal ions [15]. Its princi-
pal characteristics are great chemical and physical sta-
bility, high exchange capacity, good regeneration
ability, and it is commercially produced, so it can be
widely available to remove metals from water and
industrial wastewater. Due to above-mentioned prop-
erties SQD-85 resin has been preferred in this study.

In the present work, batch and column experi-
ments were performed to test the feasibility of
removal and recovery of La(III) from aqueous solution
by using the SQD-85 resin. The adsorption mechanism
of SQD-85 resin for La(III) ion is examined by infrared
spectrometry and chemical analysis. SQD-85 resin is
expected to be an excellent adsorption material with
large adsorption capacity and high elution rate. The
experimental results also provide theoretical basis for
concentration of La(III) in analytical chemistry and
extraction of La(III) in hydrometallurgy.

2. Materials and methods

2.1. Apparatus

The concentration of La(III) was measured by
means of spectrochemical analysis colored by Arse-
nazo I using Shimadzu UV-2550 UV–vis spectropho-
tometer. Mettler toledo delta 320 pH meter was used
for measuring pH of solutions. The sample was sha-
ken in DSHZ-300A and THZ-C-1 temperature constant
shaking machine. The water used in the present work
was purified using Molresearch analysis-type ultra-
pure water machine. The IR spectra were recorded on
a Nicolet 380 FTIR spectrometer.

2.2. Material

SQD-85 resin was supplied by Jiangsu Suqing
Water Treatment Engineering Group and the proper-
ties are shown in Table 1. Stock solutions of La(III) ion
were prepared from its oxides via dissolution in
concentrated hydrochloric acid. HAc–NaAc buffer

solution with pH 5.5–7.0 and C6H15O3N–HNO3 buffer
solution with pH 7.20 were prepared from the NaAc,
HAc, C6H15O3N, and HNO3 solutions. The chromo-
phoric reagent of 0.1% Arsenazo I solution was
obtained by dissolving 0.1000 g Arsenazo I powder
into 100mL purified water. All other chemicals were
AR grade.

2.3. Adsorption experiments

Experiments were run in a certain range of pH,
temperature, and contact time. The operations for the
adsorption and desorption of La(III) were carried out
in glass vessels and glass columns.

Batch experiments were performed under kinetics
and equilibrium conditions. A desired amount of trea-
ted SQD-85 resin was weighed and added into a coni-
cal flask, followed by the addition of a desired volume
of buffer solution with desired pH value. After 24 h, a
required amount of standard solution of La(III) was
put in. The flasks were shaken in a shaker at constant
temperature and rotation speed. The upper layer of
clear solution was taken for analysis until adsorption
equilibrium reached.

In the column experiments, continuous packed bed
studies were performed in a fixed bed mini glass col-
umn of 0.3 cm inner diameter with SQD-85 resin and
filled with the La(III) solution that was fed from the
top at a fixed flow rate. The La(III) solutions at the
outlet of the column were collected at regular time
intervals and the concentrations of La(III) were mea-
sured till the outlet and inlet concentrations became
equal.

2.4. Analytical method

A solution containing a required amount of La(III)
was added into a 25mL colorimetric tube, and then
1.0mL of 0.1% Arsenazo I solution and 10mL pH 7.20
C6H15O3N–HNO3 buffer solution were added, after
the addition of purified water to the mark of the color-

Table 1
General description and properties of SQD-85 resin

Items Properties

Functional group –COOH
Mass capacity (mmol/g) ≥10.5
Moisture (%) 50–60
Wet superficial density (g/mL) 0.70–0.80
True wet density (g/mL) 1.10–1.20
Particle size (≥95%) 0.315–1.25mm
Whole bead after osmotic attrition ≥90
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imetric tube, the absorbency was determined in a 1 cm
colorimetric vessel at wavelength of 572 nm and com-
pared with blank test. The adsorption capacity (Q,
mg/g) and distribution coefficient (D, mL/g) were cal-
culated with the following equations [16]:

Q ¼ C0 � Ce

m
V (1)

D ¼ Q=Ce (2)

where C0 is initial concentration in solution (mg/mL);
Ce is equilibrium concentration in solution (mg/mL);
V is volume of solution (mL); m is dry weight of resin
(g).

3. Results and discussion

3.1. Influence of pH on distribution coefficient for La(III)
ion

Adsorption property is dependent on the pH of
the solution which affects the surface charge of adsor-
bents, the degree of ionization and species of adsor-
bate. The influence of pH on the sorption behaviors of
SQD-85 resin for La(III) is shown in Fig. 1. The results
indicate that the adsorption capacity of La(III) was the
highest when pH was 6.5 in the HAc–NaAc medium
and decreased by either raising or lowering pH under
the experimental condition.

The La(III) uptake can increase as the pH went up,
and it can be explained based on a decrease in compe-
tition between H+ ion and La(III) ion for the same
adsorption sites. Beyond pH 6.5, due to the formation
of suspended gelatinous lanthanides hydroxides, the
adsorption of La(III) ions is reduced [17]. The

subsequent adsorption experiments were carried out
at pH 6.5 in HAc–NaAc system.

3.2. Determination of adsorption rate constant

The influence of contact time on the adsorption of
La(III) onto SQD-85 resin (Fig. 2) was investigated at
288, 298, and 308 K. As shown, the amount of adsorp-
tion increased with increasing contact time, and the
maximum adsorption was observed after 40 h, beyond
which there was almost no further increase in the
adsorption. In addition, the maximum adsorption
capacities increased with increase in the temperatures,
and the highest La(III) uptake capacity is 478mg/g at
308 K.

Adsorption kinetics curves were obtained for La
(III) on SQD-85 resin. The kinetics of adsorption can
be described by the liquid film diffusion model [18],
using the Brykina method [19]:

� lnð1� FÞ ¼ kt (3)

where F is the fractional attainment of equilibrium (F
=Qt/Qe), where Qe and Qt are the amounts of La(III)
adsorbed on the adsorbent at equilibrium at various
times, respectively; k is the adsorption rate constant.

The experimental results accorded with the
equation and a straight line was obtained by plotting
−ln (1 – F) vs. t. The results were listed in Table 2.
According to the Boyd equation, it can be deduced
from the linear relationship of −ln (1 – F) vs. t that the
liquid film diffusion was the predominating step of
the adsorption process.

Fig. 1. Influence of pH on the distribution coefficient (resin
15.0mg, 298 K, 100 rpm, and C0= 10mg/30.0mL).

Fig. 2. Adsorption amount of different temperatures (resin
30.0mg, pH 6.5, 100 rpm, and C0 = 20.0mg/60.0mL).
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3.3. Adsorption isotherms

The adsorption isotherm studies are of fundamen-
tal importance in determining the adsorption capacity
of La(III) onto SQD-85 resin and it diagnoses the nat-
ure of adsorption. The Langmuir and Freundlich iso-
therm models were used to interpret equilibrium
isotherm data.

The Langmuir isotherm is based upon an assump-
tion of monolayer adsorption onto a surface contain-
ing a finite number of adsorption sites of uniform
energies of adsorption with no transmigration of
adsorbate in the plane of the surface. The Langmuir
isotherm is governed by the following relationship
[20]:

Ce

Qe
¼ 1

QoKL
þ Ce

Qo
(4)

where Qe and Ce are the equilibrium concentration of
La(III) on adsorbent and in solution, respectively, Qo

is the maximum adsorption capacity corresponding to
complete monolayer coverage (mg/g), and KL is the
Langmuir constant and related to the free energy of
adsorption.

The Freundlich isotherm model assumes heteroge-
neous surface energies in which energy term in Lang-
muir equation varies as a function of surface coverage.
The Freundlich isotherm equation is used in the gen-
eral form, as shown below [21]:

lgQe ¼ 1

n
lgCe þ lgKF (5)

where KF and n are the Freundlich isotherm constants
related to adsorption capacity and intensity of adsorp-
tion, respectively.

The Langmuir and Freundlich parameters for the
adsorption of La(III) ion onto SQD-85 resin are listed
in Table 3. From the better correlation coefficient and
the fact that the equilibrium adsorption capacities (Qo)
obtained from Langmuir isotherm model are close to
the experimentally observed saturation capacities, it
can be concluded that the monolayer Langmuir

adsorption isotherm is more suitable to explain the
adsorption of La(III) onto SQD-85 resin.

3.4. Thermodynamic parameters

Both energy and entropy considerations in any
adsorption procedure should be taken into account, in
order to determine which process will take place
spontaneously. Values of thermodynamic parameters
are the actual indicators for practical application of a
process. The amounts of La(III) adsorbed at equilib-
rium at 288, 298, and 308 K have been examined to
obtain thermodynamic parameters for the adsorption
system.

Thermodynamic parameters, such as changes in
the Gibbs free energy (ΔG), enthalpy (ΔH), and
entropy (ΔS) associated to the adsorption process,
were determined using the following equations [22]:

lgKL ¼ � �H

2:303RT
þ �S

2:303R
(6)

�G ¼ �H � T�S (7)

where R is the gas constant and T is the absolute tem-
perature.

As can be observed in Fig. 3, the correlation coeffi-
cient of the straight line R2 = 0.979 was achieved. ΔH
and ΔS values can be estimated from slope and inter-
cept value of this plot lg KL vs. 1/T and the ΔG values
at different temperatures were calculated using the
Equation (6), respectively. Table 4 shows the values of
thermodynamic parameters of La(III) ions adsorption
on SQD-85 resin.

The negative value of ΔG confirms the spontaneity
of the adsorption process with increasing temperature,
and the positive value of ΔH suggests that the adsorp-
tion is endothermic in nature. Although there are no
certain criteria related to the ΔH values that define the
adsorption type, the heat of adsorption values, which
are heats of chemical reactions, are frequently
assumed as the comparable values for the chemical

Table 2
Adsorption rate constants

T (K) Linearity relation of −ln (1 – F) and t k × 10−5 (s−1) R2

288 y = 0.067x + 0.012 1.86 0.997
298 y = 0.075x + 0.020 2.08 0.994
308 y = 0.114x + 0.092 3.16 0.991
318 y = 0.314x + 0.155 8.72 0.988
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adsorption process. In addition, the values of ΔS were
found to be positive due to the exchange of the metal
ions with more mobile ions present on the exchanger,
which would cause increase in the entropy, during the
adsorption process.

3.5. Desorption test

Efficient elution of adsorbed solute from resin is
essential to ensure the reuse of resin for repeated
adsorption–desorption cycles. To determine the
desorption properties of SQD-85 resin for La(III), 15.0
mg resin was added into a mixed solution composed
of pH 6.5 buffer solution and desired amount of La
(III) solution. After equilibrium reached, the

concentration of La(III) in the aqueous phase was
determined. Then, the SQD-85 resin separated from
aqueous phase was washed three times with pH 6.5
buffer solution. The SQD-85 resin adsorbed La(III)
was shaken with 30mL of varying concentration of
HCl. After equilibrium reached, the concentration of
La(III) in aqueous phase was determined and then the
percentage of elution for La(III) was obtained. The
percentages of elution are 97.5, 99.8, 98.9, and 96.1%
for 0.5, 1.0, 2.0, and 3.0mol/L HCl concentration,
respectively. The experimental results of elution show
that 1.0 mol/L HCl is the most efficient.

3.6. Dynamic adsorption curve

The performance of packed beds is described
through the concept of the breakthrough curve. The
breakthrough curve shows the loading behavior of La
(III) to be removed from solution in a fixed bed and is
usually expressed in terms of adsorbed La(III) concen-
tration [Cad = inlet La(III) concentration, (C0)—outlet
La(III) concentration (Ce)] or normalized concentration
defined as the ratio of effluent La(III) concentration to
inlet La(III) concentration (Ce/C0) as a function of time
or volume of effluent for a given bed height [23]. The
area under the breakthrough curve obtained by inte-
grating the adsorbed concentration (Cad; mg/mL) vs.
the throughput volume (V; mL) plot can be used to
find the total adsorbed La(III) quantity (maximum col-
umn capacity). Total adsorbed La(III) quantity (Q;
mg/g) in the column for a given feed concentration
and flow rate is calculated using the following equa-
tion:

Q ¼
Z v

0

ðC0 � CeÞ
m

dV (8)

where m (g) is the mass of the adsorbent. The capacity
value Q was obtained by graphical integration as 481
mg/g (Fig. 4). Traditionally, the Thomas model is
used to fulfill the purpose. The model has the follow-
ing form [24]:

Table 3
Isotherms parameters for the adsorption of La(III) ions by SQD-85 resin

T (K)

Langmuir isotherm Freundlich isotherm

Qo (mg/g) KL (ml/mg) R2 n KF (mg/g) R2

288 468.3 213.5 0.999 12.8 550.8 0.924
298 475.7 215.2 0.999 14.1 587.5 0.895
308 484.0 220.3 0.999 18.5 535.8 0.950

Fig. 3. Influence of temperatures (resin 15.0mg, 288, 298,
and 308 K,100 rpm, and C0 = 10mg/30.0mL).

Table 4
Thermodynamic parameters for La(III) onto SQD-85

ΔH (kJ/mol) ΔS (J/(Kmol))

ΔG (kJ/mol)

288 K 298 K 308 K

2.37 52.62 –12.78 –13.31 –13.84
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Ce

C0
¼ 1

1þ exp½KTðQTm� C0VÞ=h� (9)

where KT (mL/(minmg)) is the Thomas rate constant;
and θ (mL/min), the volumetric flow rate. The linear-
ized form of the Thomas model is as follows:

ln
C0

Ce
� 1

� �
¼ KTQTm

h
� KTC0

h
V (10)

The kinetic coefficient KT, and the adsorption capacity
of the bed QT can be determined from a plot of ln
((C0/Ce) − 1) vs. t at a certain flow rate as shown in
Fig. 5. The outlet time t is obtained from V/θ. Thomas

equation coefficients for La(III) adsorption were KT =
7.5 × 10−3 mL/(minmg) and QT= 492mg/g. The exper-
imentally observed dynamic sorption capacity (Q, cal-
culated from Equation (8)) was very close to the
theoretical predictions saturation adsorption capacity
(QT) based on Thomas model parameters, which indi-
cates that Thomas model was successfully used for
the prediction of the breakthrough curves. Dynamic
saturated adsorption amount was larger than the static
sorption capacity, due to the contact time of the ion
concentration with resins is transitory in the dynamic
adsorption process and a high concentration accompa-
nied with SQD-85 resin all along provides a high driv-
ing force for the adsorption process.

3.7. Dynamic desorption curve

With respect to the stripping of La(III) from SQD-
85 resin, the 1mol/L HCl eluent was employed.
Desorption curve was plotted with the effluent con-
centration (Ce) vs. elution volume (V) from the column
at a certain flow rate. As shown in Fig. 6, the total vol-
ume of eluent was 100mL and the desorption process
took 8.3 h, after which further desorption was negligi-
ble. Elution volume was significantly less than satura-
tion volume, and desorption capacity was 479.3mg/g,
which was slightly less than the dynamic adsorption
capacity. These indicated that elution operation was
simple and easy handling, and can obtain a relatively
high concentration for economical recovery of La(III).

3.8. Infrared spectra analysis

The FTIR spectral analysis is important to identify
some characteristic functional groups which are

Fig. 4. Experimental breakthrough curve (resin 150mg, pH
6.5, C0 = 0.2mg/mL, and flow rate = 0.139mL/min).

Fig. 5. Linear plots of ln(C0/Ce− 1) vs. t by application of
Thomas model (resin 150mg, pH 6.5, C0 = 0.2mg/mL, and
flow rate = 0.139mL/min). Fig. 6. Dynamic desorption curve (flow rate 0.2 mL/min).
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responsible of adsorbing metal ion. The information
about structural changes caused by the SQD-85 resin
loading with La(III) was given by FTIR spectra
(Fig. 7). The spectrum of SQD-85 resin showed peaks
at 3440 cm−1 assigned to stretching vibrations of
hydroxyl groups; 2,931 cm−1 assigned to the stretching
vibrations of –CH2, –CH3 groups; 1,712 cm−1 assigned
to stretching vibrations of C=O in –COOH groups;
1,403 cm−1 assigned to bending vibrations of O–H;
1,553 and 1,447 cm−1 assigned to antisymmetric
stretching vibration band and symmetric stretching
vibration band of –COO– groups, respectively. After
the adsorption, the characteristic peak of hydroxyl
groups stretching vibrations shifted to lower fre-
quency (from 3,448 to 3,427 cm−1), the peak at 1,709
cm−1 decreased in intensity, and 1,403 cm−1 was blue-
shifted at 1,409 cm−1. These findings may suggest that
the hydrogen and oxygen atoms in the –OH and C=O
groups were involved in La(III) adsorption. The
adsorption mechanism might be partly a result of the
ion exchange or complexation between the La(III) ions
and carboxyl groups of SQD-85 resin.

4. Conclusions

In this study, batch and column studies for the
adsorption of La(III) ions from aqueous solutions have
been carried out using SQD-85 resin. The adsorption
behavior of SQD-85 for La(III) obeys the Langmuir iso-
therm better than the Freundlich isotherm. Thermody-
namic parameter effects indicate that the adsorption
process is spontaneous and endothermic. The La(III)
adsorbed on SQD-85 can be eluted by using 1.0 mol/L
HCl solution as an eluent. The FTIR spectra of SQD-85

resin before and after the adsorption of La(III) show
that hydrogen and oxygen atoms in the –OH and C=O
groups are involved in La(III) adsorption. In conclu-
sion, SQD-85 resin can be efficiently used for the
removal of La(III) ion from the aqueous solution.
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