
Preparation of dysprosium carbonate and dysprosium oxide
efficient photocatalyst nanoparticles through direct carbonation
and precursor thermal decomposition

Mehdi Rahimi-Nasrabadi1,2 • Seied Mahdi Pourmortazavi3 • Mohammad Reza Ganjali4,5 •

Parviz Novrouzi4 • Farnoosh Faridbod4 • Meisam Sadeghpour Karimi3

Received: 29 July 2016 / Accepted: 20 October 2016 / Published online: 9 November 2016

� Springer Science+Business Media New York 2016

Abstract Dysprosium carbonate nanoparticles were pre-

pared through a direct precipitation method using

Dy(NO3)3 and Na2CO3 as a facile, well-regulated and cost-

effective technique for the production insoluble salts. Due

to the importance of improving the capability and quality

of a process for adjusting the size of the product particles

the optimal precipitation reaction parameters were evalu-

ated through the Taguchi method. The reaction conditions

like the concentrations of the reacting species, the rate of

the addition of the reagent as well as the reactor temper-

ature were also optimized based on an orthogonal array

design. It was concluded from the results that dysprosium

carbonate nanoparticles can be synthesized through the

direct carbonation process by controlling the concentration

of carbonate ion, the rate of its addition to the reactor and

the reaction temperature. Further, a one-step thermal

decomposition method was used for the efficient conver-

sion of dysprosium carbonate to dysprosium oxide

nanoparticles. The characterization of the products was

carried out through XRD, SEM, TEM, FT-IR and thermal

analysis techniques. Furthermore, the as-synthesized dys-

prosium carbonate and dysprosium oxide nanoparticles

were used as photocatalyst for the photocatalytic degra-

dation of methylene orange under ultraviolet light.

1 Introduction

Synthesis and applications of nanomaterials have attracted

a great deal of attention, due to the exclusive physical and

chemical properties they possess, due to the fact that par-

ticle sizes as low as a few nanometers can lead to changes

in the properties of a substance [1–9].

In recent years, environmental issues have been exten-

sively investigated and special attention has been paid to

the area of photocatalysis due to the high applicability of

these compounds [10–13]. In this area, the decolorization

of organic dyes such as methylene blue (MB), rhodamine B

(RhB) and methyl orange is of great value because the

discharge of these compounds from industrial plants causes

severe adverse effects to the environment and greatly

increases the water pollution effectively disturbing the

ecosystem [14, 15].

Oxides of rare-earth elements, on the other hand, have

extensive applications in high-performance luminescent

devices, magnets, catalysts, and other functional materials

based on the electronic, optical, and chemical characteris-

tics arising from their 4f electrons [16–18]. Among rare

earth ions, Dy(III) is well known as an activating dopant in

diverse inorganic lattices, producing white light emission

[17]. Furthermore, Dy3? can act as a sensitive probe ion

due to the fluorescence properties originating from its 5d–

4f transition and also the effects of the crystal fields on its

5d state [18]. Mixtures and alloys of lanthanides have also
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been used in high quality hard and soft magnets [19].

Nanoscale magnetic materials have further been used in

ferrofluids, high density magnetic storages and as perfor-

mance permanent magnets, high frequency electronical

applications, etc. [20]. The oxides of rare earth elements

(e.g. dysprosium, samarium, erbium, yttrium, europium,

and lutetium) can find other prominent applications like use

in dielectric multilayer ceramic capacitors (MLCC), high

efficiency phosphors, and catalysis [21–23].

Dysprosium sesquioxide, Dy2O3, is an alkaline, highly

insoluble, and thermally stable material [24], with high

electrical resistivity, large energy bands, and a high dielectric

constant [25]. The salt takes a cubic crystal structure below

1870 �C and monoclinic and/or hexagonal structures above

this temperature [26]. The basic properties of Dy2O3 depend

on the nature of the precursor used for in its preparation, as

well as the pretreatment conditions, and the salt can has been

used for glass, optic, and ceramic applications [27], further to

its applications as a dopant in fluorescent and glass materials

with a Faraday rotation effect for optical and laser-based

devices, luminescence, magneto-optical recording materi-

als, materials with a large magnetostriction, measurement of

neutron energy-spectrum, nuclear reaction control rods,

neutron absorbents, glass additives, and rare earth permanent

magnets [28–30]. Paramagnetic lanthanide oxide nanopar-

ticles (PLONs) reveal a range of magnetic and optical

characteristics due to the 4f electrons in the three valent

cations [31, 32], which make them excellent candidates for

use as magnetic resonance (MR) and/or optical imaging

agents. PLONs reveal lower unsaturated magnetizations in

comparison to superparamagnetic iron oxide nanoparticles

(SIONs) which show almost saturated magnetizations of

[40 emu/g in clinical MR fields in ambient temperature

[33]. The magnetization of PLONs have also been proven to

be size-independent (5–10 emu/g) at room temperature

while that of SIONs has been reported to drop upon reducing

particle dimensions [34]. Among the lanthanide ions, Dy(III)

and Ho(III) cations have the maximum magnetic moments

[35], turning their nano-structures to promising alternatives

for use in T2 MR imaging with renal excretion.

Reports on the preparation of Dy(III) compounds range

form the use of hydro- or solvo-thermal [36, 37], and sol–

gel approaches [24] to other methods [29, 30]. Xu et al.

prepared Dy(OH)3 and Dy2O3 nanotubes through the

hydrothermal method [16]. A hydrothermal process at 130

and 210 �C, was reported for the preparation of dysprosium
hydroxide and oxide nanorods from commercial bulk

Dy2O3 crystals [38]. Regarding the prominence and

widespread applications of nanoscale particles of Dy2O3

with controlled morphology, there is always great desire

for cost effective methods.

In the light of the above mentioned, this work was

intended to optimize a facile and cost-effective method for

the preparation of high-purity nano-sized particles of dys-

prosium carbonate which can be used for the large scale

production of this compound. This was achieved through

the direct precipitation reaction of Dy(NO3)3�6H2O and

Na2CO3 in an aqueous media. In order to be able to opti-

mize the synthesis route, an experimental design procedure

was used to examine the effect of the different experi-

mental parameters on the dimensions of the product. The

evaluated parameters included the concentration of Dy(III)

and carbonate ions, the flow rate of the cation solution and

the temperature of the reactor.

Subsequently, thermal analysis was used to monitor the

weight changes and thermal events during the dehydration

and decomposition processes and the results were used to

gain important evidence on the calcination of dysprosium

carbonate, which leads to its decomposition into single-

dispersed nanocrystalline Dy2O3. Finally, methyl orange

(MO) degradation in the presence of the nano-particles was

used to evaluate the catalytic behavior of the carbona and

oxide nano-particles.

2 Experimental

2.1 Materials and apparatus

Reagent grade dysprosium nitrate, sodium carbonate and

ethanol were used as received from Merck. Scanning elec-

tron micrographs (SEM) were recorded on a Philips XL30

series instrument using a gold film for loading the dried

particles on the instrument. Gold films were prepared by a

sputter coater model SCD005, BAL-TEC (Switzerland).

X-ray powder diffraction (XRD) studies were performed

using a Rigaku D/max 2500 V diffractometer equipped with

a graphite monochromator and a Cu target. The IR spectra

were obtained on an IR spectrophotometer (Bruck Equinox

55) using the KBr pellet technique. Transmission electron

microscope (TEM) images were acquired with a Ziess–

EM900 SEM. The sample was coated on a Cu-carbon coated

grid prior to the measurement. Thermogravimetric (TG) and

differential thermal analyses (DTA) were performed on

5 mg of the sample using a Stanton Redcroft STA-780 series

and an alumina crucible. The operating conditions of the

analysis included incremental heating at the rate of 10 �C/
min in the range of 25–780 �C, in an inert atmosphere of

nitrogen blown at 50 mL/min. The UV–Vis diffuse reflec-

tance spectra were recorded at room temperature using an

Avantes Spectrometer, Avaspec-2048-TEC.

2.2 Optimization of the synthesis procedure

To synthesize the nanoparticles, Dy(III) solutions with

several concentrations were added to carbonate solutions,
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under vigorous stirring at various reactor temperatures and

flow rates. Once the precipitation reaction was complete,

the product was filtered and washed with distilled water

three times, before being washed with ethanol twice. Next

the nanoparticles were dried at 80 �C for 4 h.

To optimize the experimental parameters influencing the

reaction (i.e. concentration of the dysprosium and carbon-

ate ion solutions, flow rate of the dysprosium solution, and

the temperature of the reactor temperature) as shown in

Table 1, an experimental design approach was used.

2.3 Synthesis of Dy2O3 nanoparticles through

thermal decomposition

Dy2O3 was prepared through the thermal decomposition of

the dysprosium carbonate, which was obtained as described

above under the optimum conditions. The dysprosium

carbonate was heated in a furnace under an air atmosphere

at 650 �C for 3 h. To this end, 0.5 g of the precursor were

loaded into the reactor without being pressed into an alu-

mina crucible (30 mm in diameter and 14 mm height).

2.4 Diffuse reflectance spectroscopy (DRS)

The diffuse reflectance data was used to measure the

optical band gap energy of dysprosium carbonate and

dysprosium oxide nanoparticles. The optical band gap

energy is specified as the minimum photon energy required

to excite an electron from the valence band to conduction

band of a semiconductor. The energy dependence of

semiconductors absorption edge is given by Tauc’s equa-

tion [39–41]:

aht = A ht� Eg

� �g ð1Þ

where h, t, a, Eg, A are Planck’s constant, frequency of

light, absorption coefficient, band gap energy and a pro-

portional constant, respectively. The value of the exponent

g is 1
2
and 2 for direct and indirect transitions respectively.

In this study the value of g was 1
2
for both dysprosium

carbonate and oxide nanoparticles.

2.5 Photocatalytic activity

The photocatalytic activities of the as-synthesized dyspro-

sium carbonate and dysprosium oxide nanoparticles were

evaluated by using them in the photo-degradation of

methyl orange (MO) under UV irradiation. A cylindrical

Pyrex double pipe air-lift photoreactor was used in the

experiments, and the UV irradiation was carried out using a

high pressure Hg lamp (250 W, k[ 254 nm) positioned

inside a quartz pipe centered inside of the reactor.

The reaction suspension was prepared by adding 0.05 g

of the photocatalytic nano-particles (0.1 g/L) into 500 mL

of the aqueous solution of MO (5 mg/L). Prior to the

irradiation, the suspension was magnetically stirred in the

dark for 20 min to reach the adsorption equilibrium. The

above suspensions containing the synthesized dysprosium

carbonate and dysprosium oxide nano-particles were sub-

jected to ultraviolet light separately under constant aera-

tion. Both before and at various time intervals during the

illumination phase (i.e. at 0, 10, 20, 30 and 40 min) sam-

ples were taken from reactor, centrifuged and analyzed by

a UV–Vis spectrometer at the maximum absorption

wavelength of MO. During the experiments the tempera-

ture was kept constant at 25 �C by cooling the reactor.

The Lambert–Beer law, which describes relationship

between concentration of a solution (C) and the absorbance

of light (A) in a solution is:

A = ebC ð2Þ

In this equation A, e, b and C are the absorbance of light,

molar absorptivity, path length of the sample and the

concentration of pollutant in solution, respectively. If At

and A0 are used to show the obtained absorbance at t and

Table 1 OA9 (3
4) experimental design and mean particle size of produced dysprosium carbonate as results

Trial

number

Dy3? conc.

(mol/L)

CO3
2- conc.

(mol/L)

Dy3? feed flow

rate (mL/min)

Temperature

(�C)
Diameter of dysprosium

carbonate particles (nm)

1 0.01 0.01 2.5 0 30

2 0.01 0.03 10 30 40

3 0.01 0.09 40 60 48

4 0.03 0.01 10 60 38

5 0.03 0.03 40 0 35

6 0.03 0.09 2.5 30 40

7 0.09 0.01 40 30 38

8 0.09 0.03 2.5 60 36

9 0.09 0.09 10 0 42
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0 min from the onset of the reaction and Ct and C0 show

the corresponding MO concentrations, one can write the

below relations:

A

A0

¼ C

C0

ð3Þ

and

Degradation efficiency %ð Þ ¼ A0 � At

A0

� 100 ð4Þ

The photocatalytic degradation kinetics of the photo-

degradation reaction was studied based on the Langmuir–

Hinshelwood model, which is commonly used for the

photocatalytic degradation of organic molecules at low

concentrations. The model is expressed as [40]:

� dC

dt
= kappC ð5Þ

where C, kapp, t and � dC
dt

represent the concentration of

MO, reaction rate constant, time and reaction rate,

respectively.

3 Results and discussion

3.1 Synthesis of dysprosium carbonate and its

optimization through OAD

Precipitation of a salt through mixing the anion and cation

solutions is a common route that has been used for the

Fig. 1 SEM images of dysprosium carbonate superstructures obtained at different runs, presented in Table 1, by direct carbonation according

experimental condition: a run 1, b run 4, c run 6 and d run 8
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synthesis of several water insoluble inorganic materials

like dysprosium carbonate [41, 42]. Controlling the size

and shape of the particles, however, can be a rather com-

plex task, which requires a fundamental understanding of

the interactions between reagents. Here we attempted to

determine how the various parameters affect the precipi-

tation process and hence the properties of the dysprosium

carbonate nanoparticles, through a Taguchi orthogonal

array design [43, 44]. The method was used to select the

most prominent parameters influencing the particle size

and particle size distribution of the product. Table 1

illustrates the structure of the Taguchi orthogonal array

design and the results of the measurements. The factors

studied included the concentrations of dysprosium and

carbonate solutions, the flow rate of the cation solution, and

the reactor temperature. SEM images of four dysprosium

carbonate samples obtained through the method are illus-

trated in Fig. 1.

Since the experimental design was orthogonal, it was

possible to separate the effect of each control factor at

diverse levels through averaging the responses at each

level. The mean particle size values of the factors at each

level were calculated according to the assignment of the

experiment (Fig. 2). Actually the calculation of the average

dysprosium carbonate particle sizes corresponding to each

factor, e.g. the effect of the concentration of the carbonate

solution at level 1 (0.01 M), was carried out through

summing the particle size of the products in experiments

where carbonate concentration was set at level 1 (runs 1, 4

and 7) and dividing the result by the number of trials at this

level. The normal value for each level (of each factor),

revealed how the particle size of the product changed upon

varying the level.

Using the analysis of variance (ANOVA), which is a

method of investigating the significance of the in affecting

a characteristic quality (here the dimensions of dysprosium

carbonate), and considering the variables as independent

from one another, the optimum conditions, the influence of

Fig. 2 Main effects for each variable at various levels on the size of

dysprosium carbonate nanoparticles

Table 2 Results of ANOVA

for dysprosium carbonate

nanoparticles synthesis using

direct carbonation procedure by

OA9(3
4) matrix

Factor Code DOF S V Pooleda

DOF S
´

F
´

P
´a

Dysprosium concentration (mol/L) Dy 2 4.2 2.1 – – – –

Carbonate concentration (mol/L) CO3 2 106.9 53.4 2 106.9 25.3 51.8

Flow rate (mL/min) F 2 46.9 23.4 2 46.9 11.1 21.5

Temperature (�C) T 2 40.2 20.1 2 40.2 9.5 18.2

Error E – – – 2 4.2 – 8.5

The critical value was at 90 % confidence level; pooled error results from pooling of insignificant effect
a Percentage of contribution

Fig. 3 TEM image of dysprosium carbonate nanoparticles obtained

under optimum conditions
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each factor at different levels, and the particle size of the

optimal product were determined. The results of the

ANOVA of the effect of different parameters on the

dimensions of the dysprosium carbonate nanoparticles are

summarized in Table 2, where S and V represent the sum of

the square of each variable or error term, and the variance

of the results for each parameter respectively. These results

can be used to evaluate the degree a control factor affects

the characteristics of the particle size, or in other words, the

significance of the control factors on the particle size using

the F values of the F-distribution. F values are used to

determine if a control factor can be pooled to an error term

or not. The results of the experiments generally have a

small degree of freedom, and hence a pooling procedure is

used to increase the freedom of error [45, 46].

The effects of the concentrations of dysprosium and

carbonate ions on the particle size of the product were

investigated at three different levels (i.e. 0.01, 0.03 and

0.09 mol/L) and it was observed that the concentration of

Dy(III) was not a significant parameter in this regard.

However, the concentration of the carbonate ion was found

to be an important factor influencing the dimensions of the

product. Further the influence of the reactor temperature on

the dimensions of the produced dysprosium carbonate

nanoparticles was studied at the three levels (i.e. 0, 30 and

60 �C) and it was observed that this significantly affects the
size of the product.

The flow rates at which the cation solutions were added

to the anion solutions, were also investigated and it was

observed that it significantly influences the size of the

dysprosium carbonate particles. The results of ANOVA on

these experiments showed that at a 90 % confidence level,

Fig. 4 FT-IR spectra of the precipitated dysprosium carbonate nanoparticles obtained under optimum conditions

Fig. 5 TG/DTG/DTA curves for thermal decomposition reaction of

dysprosium carbonate precursor; sample mass 5.0 mg; heating rate

10 �C/min; nitrogen atmosphere

3330 J Mater Sci: Mater Electron (2017) 28:3325–3336

123



all parameters except for the concentration of the dyspro-

sium solution have substantial effects on the dimensions of

the particles. As already mentioned the possible interac-

tions among the variables were not considered.

The ANOVA results indicated 0.01 mol/L to be the

optimum carbonate concentration for preparing the dys-

prosium carbonate nanoparticles of desired dimensions.

Also a flow rate of 2.5 mL/min for the dysprosium solution

a temperature of 0 �C were determined as optimal.

The optimal result of the procedure can be calculated

using the following equation based on the Taguchi exper-

imental design [47, 48]:

Yopt ¼
T

N
þ Cx �

T

N

� �
þ Fy �

T

N

� �
þ Temz �

T

N

� �

In this equation, T/N is the average diameter of the product

particles (T being the sum of all results, and N being the

total number of results in Table 1); Yopt is the diameter of

the particles prepared under the best conditions; and CX,

Fy, and Temz represent the optimal CO3
2- concentration,

flow rate, and temperature, respectively. On the other hand,

under optimal conditions, the confidence interval (C.I.) of

the dimensions of the product can be calculated by the

following expression [49]:

CI ¼ �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Faðf1; f2ÞVe

Ne

s

where, Faðf1; f2Þ is the F value from an F table at the

degrees of freedom (DOF) f1 and f2 at the level of signif-

icance a (in this work, a ¼ 90), f1 ¼ DOF of mean (which

always equals 1), f2 ¼ DOF of the pooled error term, Ne

effective number of replications, and is given by Ne ¼
number of trials/(DOF of mean (always equals 1) ? total

DOF of factors used for the prediction). Calculations for

the prediction of the particle size of product under optimal

conditions and CI for the calculated particle dimensions

revealed that at a confidence level of 90 %, the size of the

product nanoparticles are 29 ± 4 nm.

As indicated in the first run of Table 1, the optimum

synthesis conditions resulted by ANOVA were 0.01 mol/L

for carbonate ion solution, 2.5 mL/min for the flow rate of

dysprosium solution, and 0 �C for the temperature [50].

The SEM results showed that the particles prepared

under the conditions of run 1 have an average diameter of

about 30 nm (Fig. 1a), which falls in the range estimated

for the particle under the optimal conditions. The size and

morphology of the sample particles were further charac-

terized by TEM (Fig. 3), the results of which were is

consistent with those obtained SEM, indicating that the

dysprosium carbonate particles prepared under optimal

conditions were spherical with an average diameter of

about 30 nm. Thus, the nanoparticles synthesized under the

Fig. 6 a SEM image and b TEM image of dysprosium oxide

nanoparticles obtained from thermal decomposition reaction of

precursor

Position [°2Theta]
10 20 30 40 50 60 70 80 90

Counts

0

200

400

600

I93-5315-Dy2 O3.CAF

211

229

400
332

622

Fig. 7 XRD pattern of the dysprosium oxide prepared by thermal

decomposition reaction of precursor
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Fig. 8 FT-IR spectra of the dysprosium oxide nanoparticles obtained by thermal decomposition reaction of precursor

Fig. 9 Diffuse reflectance UV–Vis spectra of as-synthesized, a dys-

prosium carbonate (DyCO3) and b dysprosium oxide (DyO)

nanoparticles

Fig. 10 Tauc’s plot for as-prepared a dysprosium carbonate (DyCO3)

and b dysprosium oxide (DyO) nanoparticles
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conditions of run 1, were treated as the optimal product and

studied by FT-IR and thermal analysis techniques.

3.2 Characterization of the optimum product

Regarding the ability of FT-IR spectroscopy in the analysis

of the functional groups, the IR spectra of dried precipitate

prepared under optimum conditions, were obtained and a

sample is illustrated in Fig. 4. The absorption peak at

3458.6 cm-1 in this spectrum corresponds to the stretching

vibration of the O–H bond, as well as the bending vibration

of H–O–H absorbed on the outer surface of the sample in

the course of handling the sample before obtaining the

spectra [41–43]. The absorption bands at 1525 and

1388 cm-1 could be attributed to the t3 mode of CO3
2-

group. The splitting of the bands could be due to the

inhomogenous crystallographic environment of the car-

bonate ions. The four absorption bands at 1081, 843, 751

and 688 cm-1 were also assigned to the stretching vibra-

tions of carbonate ions [29, 30].

The thermoanalytical graphs of dysprosium carbonate

nanoparticles acquired under the best conditions are

illustrated in Fig. 5. The TG–DTA graphs, obtained in a

nitrogen atmosphere, revealed that dysprosium carbonate

experiences two major mass losses. The first step occured

in the range of 40–190 �C, due to the elimination of the

surface-adsorbed H2O and equals about 15 % of the weight

of the sample, and the was witnessed in the range of

200–600 �C, and was attributed to the OH- and CO3
2-

from the basic dysprosium carbonate particles. The DTA

curve during the second step revealed another broad

endothermic peak at about 500 �C, indicating that OH-

and CO3
2- are lost simultaneously. Except for this

endothermic peak and that attributed to the moisture loss,

no other peaks were observed in the DTA curve, indicating

that the precursor undergoes only one major decomposi-

tion. The mass of the carbonate sample after 600 �C, was
approximately constant which could be held as proof that

dysprosium carbonate completely decomposed into

Fig. 11 UV–Vis absorbance spectrum of MO at different time

intervals on irradiation using 0.1 g/L, a dysprosium carbonate

(DyCO3) and b dysprosium oxide (DyO) nanoparticles as

photocatalyst

Fig. 12 Photocatalytic degradation of MO solution under UV

irradiation using, a dysprosium carbonate (DyCO3) and b dysprosium

oxide (DyO) nanoparticles as photocatalyst

Table 3 Pseudo first order reaction rate constant and conversion

efficiency of photocatalysis at 40 min

K (min-1) Conversion (%)

Dysprosium carbonate 0.097 99.3

Dysprosium oxide 0.0931 99
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dysprosium oxide in the former stage. So, 650 �C was

considered as the optimum temperature for the calcination

of the product.

3.3 Decomposition of dysprosium carbonate

into dysprosium oxide

Based on the results of the TG–DTA analyses on the

dysprosium carbonate nanoparticles, a thermal decompo-

sition treatment was used to prepare dysprosium oxide at

650 �C. The SEM and TEM images of the product which

were obtained in the course of the method, are presented in

Fig. 6. Figure 6a shows the average size of dysprosium

oxide particles to be about 48 nm, which is consistent with

the results obtained from the TEM image of the sample

(Fig. 6b).

Figure 7 illustrates the XRD patterns of the dysprosium

oxide nanoparticles. The high intensity and smooth base-

line of the pattern indicated the product to have a high

purity crystalline structure. All of the diffraction peaks in

this figure are in compliance with the cubic system struc-

ture of dysprosium oxide from PDF card 00-009-0197.

Figure 8 shows an IR spectrum of the dysprosium oxide

samples obtained by the calcination of the carbonate pre-

cursor at 650 �C for 3 h. The result are in complete accord

with Refs. [29, 30] and indicate the formation of the highly

pure dysprosium oxide. By comparing the IP spectra of the

precursor (Fig. 4) and the product (Fig. 8), it was observed

that the absorption peak at 3458 cm-1, which originates

from the stretching vibration of hydrogen bonds due to the

abundance of the hydroxyl group in the precursor is sig-

nificantly reduced in Fig. 8. This is indicative of the

complete elimination of the hydroxyl groups from the

sample after the calcination step. After heating the sample

up to 650 �C, the absorption band of carbonate ions at 1525
and 1388.5 cm-1 were also diminished while those corre-

sponding to the cubic phase of Dy2O3 at 559.8, 471.3 and

412.2 cm-1 (Fig. 8) strengthened.

Figure 9a, b shows the a UV–Vis diffuse reflectance

spectrum (DRS) of the prepared nanoparticles and

Fig. 10a, b shows Tauc’s plot for the dysprosium carbonate

and dysprosium oxide nanoparticles. As shown, the esti-

mated band gaps for this samples are around 3.75 and

4.1 eV. This reveals an absorption edge of around 331 and

302 nm for dysprosium carbonate and oxide nanoparticles

respectively.

3.4 Photodegradation of methyl orange

As shown in Fig. 11 the photocatalytic activities of the

optimal dysprosium carbonate and oxide nanoparticles

were monitored to evaluate their photodegradation perfor-

mance. Figure 12 shows the changes in the concentration

of the test MO solution in the presence of dysprosium

carbonate and oxide nanoparticles upon UV irradiation as

plots of the C/C0 and degradation efficiency versus illu-

mination time. It was found that the degradation of MO

occurs in the presence of dysprosium carbonate and oxide

nanoparticles. After 40 min the maximum conversions

were reached which equalled about 99.3 and 99 % for

dysprosium carbonate and oxide, respectively.

Figure 13 indicates the pseudo first-order kinetics plot

of MO degradation in the presence f dysprosium carbonate

and oxide nanoparticles. The slop of the linear regression

gives the first-order reaction rate constant. The rate con-

stants and maximum conversions of the photocatalysis are

summarized in Table 3, and these results indicate that

nanoparticles of both dysprosium carbonate and oxide have

good ability to eliminate organic pollutions.

The results suggested that dysprosium carbonate and

oxide are superior species which might constitute helpful

and effective photocatalysis for purification of water from

organic pollutions.

Fig. 13 Pseudo first order kinetics of MB degradation for, a dyspro-

sium carbonate (DyCO3) and b dysprosium oxide (Dy2O3)

nanoparticles
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4 Conclusion

The precipitation method was tested and optimized for the

preparation of dysprosium carbonate nanoparticles. The

technique proved to be a controllable route for the syn-

thesis of dysprosium carbonate nanoparticles in aqueous

media at low temperatures. The optimization of the reac-

tion parameters was performed using the Taguchi robust

design. The result showed that the composition of the

carbonate ion, the flow rate of the Dy(III) solutions and the

reactor temperature have substantial effects on the particle

size of the product. The carbonate particles prepared under

the optimal conditions were about 30 nm in diameter.

Further thermal studies showed that dysprosium carbonate

undergoes a single stage decomposition to form dyspro-

sium oxide particles with an average size of about 48 nm.

The optimized methods for the preparation of dysprosium

carbonate and oxide nanoparticles revealed several

advantages, including simplicity, low cost, high output and

good product purity, in addition to producing superfine

products that can be prepared in large scales. Applying

dysprosium carbonate and oxide nanoparticles, as the

photocatalyst led to the respective degradation yields of

99.3 and 99 % for MO after 40 min irradiation of UV light.
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