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Abstract

Nanocrystalline LaGdO; perovskite was synthesized by the co-precipitation method using metal nitrate and
carbonate salts as starting materials. The product was characterized with XRD, EDX, SEM, TEM, and BET. The XRD
pattern confired the formation of perovskite phase. The SEM micrograph indicated that the LaGdO; was
nanosized particles with morphology containing porosity. The measured pH,,. of synthesized LaGdOs in this work
was 8.00, the surface was negative charge. Application as heavy metal ions adsorption was investigated and found
positive with cadmium and lead. Langmuir and Freudlich isotherms were used to describe the adsorption behavior
of heavy metal ions. The LaGdO; perovskite obtained from this work could adsorb heavy metal ions which should
be of interest in application such as wastewater treatment.
Keywords: LaGdO;; Perovskite; Chemical co-precipitation process; Heavy metal adsorption; Adsorption isotherms;

Wastewater treatment
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1. Introduction

Wastewater from industries process contains many toxic heavy metal such as Cd?*, Pb?, Ni#*, Cu®, etc. These
metal ions causing diseases in living organisms [1-3]. The method for removing the heavy metal are available but
the sorption of heavy metal ions onto solid adsorbent are the most common route applied for wastewater
treatment and industrial effluents [4, 5]. Many adsorbent such as zeolite, metal oxide, perovskite, activated carbon,
are highly effective and can be easily regenerated [6].

Nano-LaGdO; perovskite has interesting properties such as porous material and electrocatalytic [7, 8]. The properties
of this material beneficial for application as heavy metal adsorbent. Many method to prepare nanostructure
perovskite such as solid state reaction, hydrothermal, sol-gel method, chemical co-precipitation [9, 10]. All method,
however, have some disadvantage with preparation of high purity and high surface area perovskite.

The aim of this work is to study the preparation, characterization and application of nano-LaGdO; perovskites.

In the first stage, to find a simple route to prepare nano-LaGdO; perovskites through low calcination temperature
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that yield high purity perovskite phase. The precursor for LaGdO; will be synthesized by chemical co-precipitation
process. The precursor then will be calcined at 1,200 °C to obtain the desired perovskites LaGdO,. This route
should have several advantages such as simplicity, low cost, no waste, and no environmental pollution compared
with other routes. The application presented in this work is the possible use as Cd®* and Pb?* remover from
aqueous solutions. The factors of contact time and heavy metal concentration shall be investigated. The

adsorption capacity the Langmuir and Freundlich isotherms shall be studied and discussed.

2. Materials and methods
Preparation of nano- LaGdO; perovskite by chemical co-precipitation method

Nano-LaGdO; perovskite was prepared by chemical co-precipitation process reported previously [11] with some
modifications displayed in Fig. 1. Starting materials for this perovskite were La(NOs);"6H,O and GA(NO3);°6H,0. A
specific amount of each was dissolved in distilled water to make 1 M solutions. Both solutions with equal volume
were mixed together with vigorous stirring. Then 2 M K,CO;*1.5H,0O solution, same volume as one of the nitrate
solutions, was rapidly added. After the precipitation was complete, the precipitate was filtered and washed with
distilled water several times until the washed water became neutral (pH =7). The product was then dried at 100 °C

for 6 h to yield the “precursor” after which it was calcined at 1,200 °C for 2 h to obtain the LaGdO; perovskite.

1M La(NO, ), .6H,0 IM Gd(NO,),.6H,0
| |
stirring
2MK,CO,.1.5H,0

dried at 100 °C for 6 h
Precursor

calcined at 1,200 °C for 2
LaGdO,

Fig. 1 Chemical co-precipitation process for preparation of LaGdOs.

Characterization of product

The structure, microstructure, morphology, elements composition, and surface area were investigated by X-ray
diffraction (XRD, CuKq radiation, PHILIPS), scanning electron microscope (SEM, SEM-5800 LV, JEOL), transmission
electron microscope (TEM, JEM-2100, JEOL), Dispersive X-ray spectrometer (EDAX, ISIS 300, Oxford), and Ny -isotherm
BET method (BET, model SA 3100, USA)

Determination of pH at point of zero charge (pH,..)
The pH,. of the sample was determined by the pH drift method [12], the detail of which has been described
earlier. Briefly, 0.10 M NaCl was prepared. The 50 mL each of 0.10 M NaCl were pipetted into 12 flasks of 250 mL
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Erlenmeyer flasks. The pH of these solutions were adjusted to 1 — 12 using diluted HCl or NaOH solution and recorded
as initial pH, pH.

About 0.05 g of LaGdO; was added into each flask and sealed for 24 h with constant agitation using a magnetic
stirrer. At the end of experiment, the pH was measured as final pH, pH;. A graph was constructed by plotting pH;

against pHy and the pH,. was determined from the crossover point of pH; and pHs in the graph.

Adsorption study

The effect of parameters such as initial concentration and contact time for the adsorption of cadmium and lead
jons on LaGdO; perovskite nanoparticles were studied in a 100 mL Erlenmeyer flask containing 0.20 g of adsorbent.
The flask was then stirred at 300 rpm until reaching the equilibrium. The resultant solution was centrifuged and the
supermatant liquids was analyzed by an inductively couple plasma-optical emission spectrometer (ICP-OES, Optima
4,300 DV, Perkin Elmer, USA). The amount of adsorbed metal ion at equilibrium condition, g. (mg g’l), was
calculated using Eq. (1),

(Gp-CelV
W

e (1

Where g, is the mass of adsorbed metal ion at equilibrium condition (mg ¢™), C, is the starting concentrations
(mg L™), C, is the equilibrium concentrations (mg L™), V is the volume of metal solution (L), and W is the weight of

adsorbent (g)

Effect of contact time
The solution of 1 mmol L™ for Cd?* and Pb* volume 100 mL was pipetted into the beaker containing 0.20 g of
LaGdO;. Then stirring for 1-40 minutes, filtered and the supernatant was collected. Determination of M?* (M = Cd, Pb)

in the supernatant by ICP.

Effect of metal ions concentration

Solution of cadmium and lead with initial concentrations 1, 5, 9, 13, 17, 21 and 25 mmol L were used.
The weight of LaGdO; adsorbent was fixed at 0.20 g. The volume of heavy metal ion solution was fixed at 100 mL.
The solution of each concentration for Cd* and Pb*" was pipetted into the beaker. Then stirring 1 and 30 minutes
for Cd** and Pb*, respectively. Filtered and the supematant was collected. Determination of M?* (M = Cd, Pb) in the
supernatant by ICP.

3. Results and Discussion
Preparation and Characterization of LaGdO; product
In the chemical co-precipitation process, the precursor obtained in the first stage was white which after

calcination at 1,200 °C for 2 h it tuned to white LaGdO; product. The formation of synthesized powder was
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investigated by XRD measurement using CuKq radiation at 26 between 20° and 80° and calculated the average
crystalline size by the Debye-Scherrer equation. From the XRD spectra of LaGdO; perovskite, the perovskite phase
formed at 1,200 °C match with JCPDS file no. 42-1465 of monoclinic LaGdO; perovskite (Fig. 2(a)). The average
crystalline size of synthesized LaGdO; powder was 71 nm. The purity of the LaGdO; was also checked with EDX
spectrometer (Fig. 2(b)). From the clean spectra of both XRD and EDX, the LaGdO; product can be considered as
high purity perovskite phase.

&) LaGdO, 804 (b) e LaGdO,
1200 °C/ 2h
40:5 Gd
1 o LaL Gd
E dla Gd
20 30 40 50 60 70 8 0% —T T
26 (degree) 0 2 4 6 8 Eneray (KeV)

Fig. 2 (@) XRD and (b) EDX pattern of LaGdO; perovskite obtained from calcinations at 1,200 °C for 2 h

The surface of nano-LaGdOs; perovskite was checked with the SEM microscope (Fig. 3(a)). It can be seen that the
surface of LaGdO; contain long grains shape with nanometer scale. This should give an advantage in term of bulk
surface and high concentration of inter-particle porosity. The TEM micrograph of sample is shown in Fig. 3(b) which
we can see the porosity between the long grains which should give them distinct advantage for heavy metal

adsorption.

Fig. 3 (a) SEM and (b) TEM photographs of synthesized LaGdOs perovskite

The BET surface area was determined based on Njadsorption isotherm. The LaGdO; had surface area of
5.43 m? ¢}, total pore volume of 0.03 cc ¢, and pore size diameter of 206.60 °A. The PHpz of LaGdO5 was found
to be 8.00 from the graph where the curve of pH: as a function of pH; crossed the line pH; = pH; (Fig. 4). It is
indicated that the surface of LaGdO; was basic.
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Fig. 4 The plot of final pH (pH) versus initial pH (pH) of the LaGdO; sample to determine the pH,,..

Application to heavy metal adsorption
The effect of contact time and heavy metal ion concentrations

The effect of contact time and metal ion concentration for the removal of cadmium and lead on LaGdO;
perovskite nanoparticles were studied as being explained in Section Effect of contact time and Effect of metal ions
concentration. The adsorption capacities for Cd?* and Pb* were determined with different stirring times. The
experimental data of the adsorption with respect to contact time on surface of LaGdO; are shown in Fig. 5@a). For
Cd?*, the removal of Cd** very rapid. The equilibrium reached at 1 min, may be due to present of more binding
sites for metal ion adsorption [13]. For Pb?*, The results indicated that the amount adsorbed increased with an
increase in stirring time and reached equilibrium at 30 min (Fig. 5@a)). After 30 min, the surface pore of adsorbent
may be covered and it become difficult for Pb?* into the interior of the pores [13]. The amount of metal adsorbed (q,)
was found to be 8.06 mg ¢™* for cadmium ion 1 mmol L™ (103.90 mg L™) and 15.31 mg g™ for lead ion 1 mmol L™
(186.60 mg L ™). The adsorption capacities for 1 min and 30 min equilibrium of Cd?* and Pb? respectively were
determined at different concentrations and are shown in Fig. 5(b). The concentration of heavy metal ions were
varied in range 1 - 25 mmol L™ giving the g, range of cadmium ion 8.06 — 274.35 mg g™ (for Cd** concentrations
103.90 - 2,629.40 mg L™). The q. of Lead ion was in range of 15.31 - 392.40 mg g (for Pb* concentrations
186.60 — 4,74550 mg L™). The results indicated that the amount adsorbed increased with an increase in
concentration of Cd** and Pb* ions. The adsorption of Cd* and Pb?* onto surface of LaGdO; perovskite resulted
from the electrostatic attraction between positively charged sorbate (Cd** and Pb*) and negatively charged
sorbent (LaGdO;, pH,,=8.00). From the experiment, the LaGdO; can application as the heavy metal sorbent with
exhibited moderate efficiency of g. = 274.35 mg g™ for Cd** 25 mmol L™ (2,629.40 mg L") and qg. = 392.40 mg g*

for Pb?* 25 mmol L™ (4,745.50 mg L™).
The effect of contact time and metal ion concentration are important parameter. For application, the contact
time use for determines how long the heavy metal ion adsorbed onto adsorbent completely. The study of effect
of metal ion concentration help to know the adsorption capacities, it use for evaluation of adsorbent because it

determines how much adsorbent is required for the quantitative enrichment of the analyte from a given solution [14].
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Fig. 5 (a) The effect of contact time to the adsorption of Cd*" and Pb*" and (b) The effect of metal concentration
on the adsorption of LaGdO,

Adsorption isotherms
Heavy metal ions (Cd®* and Pb?*) adsorption isotherm data starting at different initial concentration

were investigated following the models of Langmuir and Freundlich. The information of isotherms given in Table 1.

Table 1 Adsorption isotherm of heavy metal ions adsorption

Isotherm Langmuir Freudlich
Typical of
Monolayer adsorption Multilayer adsorption
adsorption
am K, .C 1
_m- e =Kg.Ce"
Equation e = 14K Ce de =" e

K,_is Langmuir constant Kr is Freudlish constant, and

n is an empirical parameter relating to

the adsorption intensity

A linear relationship between the amount of LaGdOs (g) against the concentration of cadmium (and lead)
ions in the remaining solution (mmol L™) was observed. The values of linear correlation coefficients R?, Langmuir
parameters, and Freudlich parameters are given in Table 2. The results fitted well with the Langmuir model. From
the R? values of Langmuir and Freudlich isotherms with cadmium, the adsorption of cadmium and Lead are better
described with the Langmuir model since the R? value was close to 1. The typical of adsorption are monolayer
adsorption.

The maximum adsorption capacity (g,,) was found to be 0.87 mg g™ for cadmium ion and 1.31 mg ¢™* for
lead ion. The K_ value was found to be 0.17 for cadmium ion and 0.99 for lead ion. The value of g, obtained

above may be on the low side of g, values of the same metal ions adsorbed on many types of adsorbent
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reported by several researchers. Examples are: 0.37 mg ¢! for Cd®* and 0.31 mg ¢ for Pb® on biosorbent [15],
2.88 mg ¢! for Cd** and 2.90 mg g for Pb? on activated carbon prepared from plant leaves [16], 12.05 mg ¢™* for
Cd* and 9.41 mg ¢! for Pb?" on oil shale ash [17].

Table 2 Adsorption isotherms parameters for cadmium and lead ions on LaGdO4

Langmuir isotherm constants Freundlich isotherm constants
Metals
Am (Mg g™ K. R? n Ke R?
Cd* 0.87 0.17 0.985 0.92 3.50 0.981
Pb* 0.99 0.99 0.996 1.01 2.64 0.991

4. Conclusion

Nanocrystalline of LaGdO; in powder can prepared using the chemical co-precipitation process followed by
calcination at temperature of 1,200 °C. The products were characterized with XRD, EDX, SEM, TEM, and BET which
revealed purity perovskite phase. The LaGdOs; perovskite can acted as metal ions adsorber in the toxic heavy metal
ions (cadmium and lead) adsorption experiment. Heavy metal ion adsorption isotherm data were studied. The
adsorption isotherm of Cd** and Pb?" ion was better described by the Langmuir isotherm model, it is confirmed

that the adsorption of Cd*" and Pb? onto LaGdOs perovskite were monolayer adsorption.
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