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Abstract

The main goal of this work was to develop a cheap and easy method for the synthesis of the porous metallosilicate macrospheres.
Zirconium silicate macrospheres with diameters in the range 1.5 — 1.6 mm were obtained by the spray gelling technique, using the
multi templating method. Tetraethyl orthosilicate was used as silica source. The chitosan played a dual role (pore and shape
generating agent), while other inexpensive and easily accessible biomaterials including yeast, sugar and gelatin were used as pore
generators. The multi templating technique allowed to obtain spherical form particles with large pores which facilitate the access of
the reactants to the active centres located inside the pores. The zirconium silicate beads were characterized by nitrogen sorption
technique, XRD, FTIR and SEM/EDAX analyses. The synthesized beads were used as adsorbents for the removal of the Astrazon
Blue BG dye from aqueous solutions. The adsorption data were analysed through different adsorption isotherm and kinetic models.
The dye removal percentage varied from 92.5% to 88.71% when the initial dye concentration varied from 60 mg/L to 150 mg/L
(for an adsorbent concentration of 5 g/L and a temperature of 295 K). Due to their size, hardness and shape these materials can be
easy handled, recovered and reused.
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1. Introduction

Dyes are important compounds commonly
used in various industries such as textiles, printing ink,
ceramics, rubber, paper and pulp, leather, cosmetics.
Their presence in water even in concentrations less
than 1 ppm exert harmful effects on environmental
(Hossein and Foroutan, 2019). The dyes can cause

allergies, dermatitis, skin irritation, can inhibit the
penetration of the sun into the water stream and to
disrupt the aquatic ecosystem. Various physical and
chemical methods were used for the removal of the
dyes from the wastewaters. These include:
coagulation/precipitation (Junxing et al., 2018; Rima
et al., 2003; Sizykh et al., 2018), microbial
degradation (Forgacs et al., 2004; Znoozi et al., 2018),
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chemical oxidation (Cristiana et al., 2009; Nassar et
al., 2017) and adsorption (Largitte and Pasquier, 2016;
Sohrabnezhad and Pourahmad, 2010). However, the
adsorption is the most efficient alternative with a high
potential for the removal and the recovery of the dyes
from the wastewaters. The most widely used
adsorbents include activated carbon (Al-Degs, 2001;
Kumar et al., 2017), graphene oxide (Sun et al., 2014;
Konicki et al., 2017), lignite (Gurses et al., 2014),
mesoporous silica (Chih-Hyng et al., 2011; Peige et
al., 2018); zeolites (Briao et al., 2018; Xu et al., 2014);
clays (Betega de Paiva, 2008; Huang et al., 2017;
Tehrani-Bagha et al., 2011), biowastes (Bellu et al.,
2010; Gottipati and Mishra, 2010), ion exchange
cellulose  monoliths (Yang et al, 2019),
polydopamine-modified fibers (Wang et al., 2019). In
the last years, the requirement for environmental and
more efficient technologies amplified the interest for
the use and the development of the hierarchical porous
materials (Hammed et al., 2016; Jamwal et al., 2017;
Muresan et al., 2015; Rutkowska et al., 2015; Xu et
al., 2014).

This type of materials contains at least two
types of pores and present the advantages associated
with each level of porosity, from selectivity to mass
transfer: high surface area (due to the presence of the
micro and mesopores) and increased mass transport
(due to the presence of large mesopores and
macropores). Particularly, hierarchically porous
metallosilicates have garnered much attention due to
their multiple functionalities: catalysts, adsorbents or
supports.

The main limitation of the hierarchical porous
materials synthesized via the techniques reported to
date in the scientific literature is that they are usually
obtained in the form of powder that is difficult to be
separarated from the reaction mixture, requiring high
speed centrifugation or special filtration.

The aim of this work is to report an easy
method for the synthesis of the porous zirconium
silicates in the form of macrospheres with good
mechanical, thermal and chemical stability, which can
be easily separated and recovered by simple filtration.
The metallosilicate macrospheres were obtained by
the spray gelling technique, using the multi templating
method. Tetraethyl orthosilicate was used as silica
source. The chitosan played a dual role (structure and
shape generating agent), while other inexpensive and
easily accessible biomaterials such as yeast, gelatin
and sugar were used as pore generators. The
synthesized macrospheres were used as adsorbent for
the removal of the Basic Blue 3 cationic dye from
aqueous solutions.

2. Experimental
2.1. Reagents and materials

ZrOCl»-8H.0, ammonia solution (25%),
tetraethylorthosilicate, HCI solution (37%), chitosan

with high molecular weight and agar were purchased
from Aldrich. Commercial yeast, sugar and gelatin
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were used into the experiments. The chitosan solution
was prepared by dissolving of 4g of chitosan in 96 mL
acetic acid solution (92 mL distilled water and 4 mL
acetic acid 98%). Commercial basic dye Astrazon
Blue BG (C.l. Basic Blue 3) used as adsorbate was
obtained from Dye Star Company and was used
without any further purification.

2.2. Synthesis of the metallosilicate macrospheres

The zirconium silicate macrospheres were
prepared as follows:

(1) Obtaining of the solution A: 3 mL of
TEOS were poured into a solution containing 11
mL of water, 0.45 mL of HCI 37% and 0.72 g
ZrOCl,-8H,0 and the mixture was magnetically
stirred for 6 hours at the room temperature.

(2) Preparation of the templating mixture B: 2.7
g of yeast were dispersed in 17 ml of distilled water
and the suspension was heated at 85°C for 1.5 hours.
0.36 g of agar, 0.60 g sugar and 0.36 g of gelatine were
then added and the stirring continued for 1 hour at the
same temperature. The mixture was cooled up to the
room temperature and 0.45 mL HCI 37% solution
were added and the stirring continued for 15 minutes.
Finally, 9 g of 4% chitosan solution were introduced
and the resulted gel was mixed for 1 hour.

(3) Homogenization under stirring for 2 hours of
the gel resulted by pouring of the solution A over the
mixture B.

(4) Dropping of the gel in 25% ammonia
solution and keeping of the obtained macrospheres
into this solution for 20 minute to harden.

(5) Separation of the hybrid inorganic-organic
composite macrospheres by filtration, followed by
drying (at 60°C for 8 hours and subsequently at 160°C
for 12 hours).

(6) Calcination at 625°C for 12 hours in order to
obtain the porous structure by the removal of the
organic templating mixture.

2.3. Physicochemical characterization

The FTIR spectra were recorded on a Nexus
470 FTIR spectrometer using the KBr-disk technique.
The registrations performed in the wavenumber range
4000 + 400 cm® were obtained by the co-addition of
32 scans with a resolution of 2 cm™. The wide angle
X-ray diffraction pattern of the sample was recorded
on a Philips XPERT MPD diffractometer in the 26
range of 10°+ 70°, at a scanning speed of 1°/min, using
a nickel-filtered Cu K, radiation (A = 0.15418 nm).
SEM micrographs and EDX spectra were obtained
with an FEI Quanta 200 Scanning Electron
Microscope equipped with an EDAX Genesis 400
with  Si(Li) detector, type Sapphire. The
measurements were carried out at an accelerating
voltage of 20 kV, with a Large Field Detector (LFD)
in the low Vacuum Mode.

The nitrogen adsorption isotherm was
measured at liquid nitrogen temperature (77 K) using
a Nova 2200e system (Quantachrome).
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2.4. Adsorption studies

The zirconium silicate beads were tested as
adsorbent for the removal of the Astrazon Blue BG
dye from aqueous solutions. The adsorption
experiments were carried out at different initial dye
concentrations and various adsorbent concentrations.
In all the experiments the temperature was kept at
22°C and the stirring speed was 250 rpm. The
unknown dye concentrations from the residual
solutions were determined from the calibration curve
by using a UV-Vis spectrophotometer.

The percent removal of the dye (R%) and the
equilibrium adsorption capacity ¢g. (mg/g) were
calculated using Egs.1 and 2:

R(%) = “==¢-100 (1)
0
—Ce V
ge =28 2

where ¢y (mg/L) and ¢, (mg/L) are the initial and
respectively the equilibrium dye concentrations in the
liquid-phase, ¥ (L) is the volume of the solution and
m (@) is the amount of adsorbent.

2.5. Error analysis

The best fit kinetic/adsorption model was
selected based on the linear regression correlation
coefficient values R?, and the average percentage error
(APE). The average percentage error (APE) was
calculated using the following equation:

Z?:ll(qexp - qcalc)/Qexp|

APE (%) = "

- 100

where, g, (Mg/g) is the experimental adsorbed
amount, g..s (mg/g) is the theoretical adsorbed amount
and n is the number of experimental data.

3. Results and discussions

The synthesized macrospheres used for the
adsorption of the cationic dye from aqueous solutions
have diameters comprised in the range 1.5 — 1.6 mm.
Due to their size and strength the zirconium silicate
spherical beads can be easily handled and recovered
from the wastewaters.

3.1. Characterization of the zirconium silicate
macrospheres

3.1.1. Energy dispersive X-ray analysis (EDX)

The elemental composition of the zirconium
silicate macrospheres was determined by EDX
analysis (Fig. 1). The value of the Si/Zr mole ratio (Si:
Zr =1:0.162) for the calcined and washed sample is
close to the value of the Si/Zr mole ratio (Si: Zr=1:
0.17) from the synthesis gel which confirms the
efficient incorporation of the metal.

3.1.2. Wide angle X-ray diffraction analysis (WAXD)

The structural characterization by wide angle
X-ray diffraction analysis was carried out in order to
investigate the amorphous/crystalline structure of the
sample. The diffractogram (Fig. 2) contains a single
wide peak located between 20 = 10° + 30°, which
indicates that the sample contain a high amount of
amorphous zirconium silicate.

Fig. 1. EDX analysis of the zirconium silicate
macrospheres
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Fig. 2. X-ray diffraction spectrum of the synthesized
zirconium silicate

The presence of this wide band and the
pronounced background noise recorded during the
whole XRD pattern suggests also the existence of
some small size particles within the structure of the
macrospheres. The absence of the peaks characteristic
to zirconium oxide indicates the efficient
incorporation of the zirconium into the silica network
(or at most the presence of some small size oxide
crystallites which are uniformly dispersed on the
sample surface and cannot be put into evidence by
XRD analysis).

3.1.3. Fourier transformed infrared spectrometry
(FTIR)

FTIR analysis (Fig. 3) was performed in order
to prove the formation of the Si-O-Zr bonds
(incorporation of zirconium within the silica
framework) and the Si-O-Si bonds. The spectral data
of the zirconium silicate sample and the assignment of
the absorption bands to their corresponding types of
infrared vibrations are shown in Table 1.
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Table 1. FTIR spectral data of the zirconium silicate sample

Pealgcpr)noj;tlon Assignment of the absorption bands
460 overlap of the rocking bending mode vibrations of the Si-O and Zr-O bonds belonging to the Si-O-Si and
Si-O-Fe linkages
801 overlap of the symmetric stretching vibrations of the O-Si-O and O-Zr-O bonds within the polyhedrons
1074 overlap of the asymmetric stretching mode vibrations of the O-Si-O and O-Zr-O bonds within the
polyhedrons
1635 bending mode vibrations of the adsorbed water molecules
3461 stretching mode vibrations of the bridging OH groups
Fig. 4. SEM images of the zirconium silicate macrospheres:
(a) whole spherical bead; (b) detailed surface image
The low magnitude 150x  electron
microphotograph (Fig. 4a) shows that the zirconium
silicate macrospheres look like it would be composed
5 of ,,aggregates shaped like cereal flakes” and present
(3] - . .
- some cracks in the form of slits on their surface. From
= the high magnitude 5000x electron microphotograph
2 (Fig. 5b) it is noticed that the sample has a large
3 number of the microns order sized pores which are
< . .. B
relatively evenly distributed on its surface.

3900 3300 2700 2100 1500 900 300
Wavenumber (cm-1)

Fig. 3. FTIR spectrum of the zirconium silicate sample

The peaks that occur at 460 cm, 801 cm™ and
respectively 1074 cm™ prove the incorporation of the
zirconium within the silica framework. The absence of
the bands at 3757 cm™ and 3780 cm'! attributed to the
terminal silanol groups and respectively to the Zr-OH
groups show the effectiveness of the condensation
reaction and the successful incorporation of the
zirconium within the silica matrix (Muresan et al.,
2014, 2015, 2016).

3.1.4. Scanning electron microscope (SEM)

The surface morphology and the pore size of
the zirconium silicate macrospheres were investigated
by scanning electron microscopy (Fig. 4).
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3.1.5. Determination of the textural properties from
the nitrogen physisorption data

The nitrogen sorption experiments were
performed in order to determine the textural properties
of the synthesized samples. The recorded adsorption-
desorption isotherm do not fit very well in the
classification given by IUPAC (Fig. 5).

The adsorption branch is similar to the I(b) type
isotherm up to the p/p® = 0.72 value of the relative
pressure and looks like the type Il isotherm for higher
relative pressures (does not reach the final saturation
plateau at high values of the relative pressure). The
hysteresis loop is a hybrid between Hs and H, types. It
resembles better to the H, type hysteresis loop which
is encountered in the case of the materials containing
both micropores and mesopores, but also exhibit some
features corresponding to the Hs type hysteresis loop
due to the presence of the large mesopores and
macropores (Thommes et al., 2015). The pore size
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distribution was determined from the adsorption
branch of the isotherm using the Barret-Joyner-
Halenda (BJH) model. The micropore volume V, =
0.053 (cc/g), mesopore volume Vi, = 0.099 (cc/g),
micropore surface area S, = 138.67 (m?g) and the
external surface area Sexx = 132.27 (m?/g) were
calculated using the t-plot method. The BET surface
area Sger = 271 (m?/g) was determined using the
adsorption data from the relative pressure range
comprised between p/p® = 0.05 + 0.35.
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Fig. 5. Nitrogen adsorption-desorption isotherm and
the pore size distribution

3.2. Adsorption studies

3.2.1. Effect of the initial dye concentration and
contact time

The effect of the initial dye concentration (in
the range from 60 to 150 mg/L) and of the contact time
on the adsorption capacity of the zirconium silicate
beads was investigated (Fig 6).
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80 4 =150 mg/L
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Fig 6. The effect of the initial dye concentration and of the
time on the percentage of dye removed from the solution
(adsorbent dosage 5 g/L, temperature 295 K, agitation
speed 250 rpm)

The adsorption rate of the dye on the zirconium
silicate beads is high in the first 60 min due to the
availability of a high number of vacant sites.
Thereafter, the adsorbed amount increases slowly by
the prolonging of the contact time because of the

repulsive forces that exhibit between the adsorbed
molecules and the ones that exist in the liquid phase.
The percentages of dye removed after 180 minutes
were 85.9%, 82.1%, 81.8% and 79.6% and reached
after 240 minutes at 90%, 88.2%, 86.1% and 84.8%
for dye concentrations of 60 mg/L, 90 mg/L, 120 mg/
L and 150 mg/L respectively. Given these results it
would be advisable to work with dye concentrations
between 90 - 120 mg/L and the adsorption time to be
240 minutes.

3.2.2. Effect of the adsorbent concentration on the dye
removal

The adsorption capacity of the Astrazon Blue
BG dye onto zirconium silicate macrospheres was
studied for 2.5, 5, 7.5 and 10 g/L adsorbent dosages

(Fig. 7).
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Fig 7. Effect of the adsorbent dosage on the percentage of

dye removed from the solution (dye concentration 120
mg/L, temperature 295 K, stirring speed 250 rpm)

The results presented in Fig. 7 show that the
percentage of the removed dye increases with the
increase of the adsorbent concentration due to the
increase of the number of the available adsorption
sites.

3.2.3. Adsorption isotherms

Adsorption isotherms describe the relationship
between the amount of dye adsorbed onto the
adsorbent at equilibrium (qg.) and the equilibrium
concentration of the dye remained in solution (C.) ata
given temperature. In order to quantify the affinity of
the zirconium silicate macrospheres for the cationic
dye the equilibrium adsorption data were analyzed
using the Langmuir, Freundlich, Temkin and Dubinin-
Radushkevich models (Abshirini et al., 2019; Ahmadi
and Esmaeili., 2018; Abbasi et al., 2019; Esmaeili and
Foroutan, 2019; Tamjidi and Esmaeili, 2019). The
linear equations of the investigated adsorption
isotherms are shown in Table 2. The calculated values
of the parameters corresponding to the models of the
studied adsorption isotherms are listed in the Table 3.

From the data presented in the Table 2 it can be
deduced that the adsorption was better defined by the
Temkin isotherm model (R? = 0.996) followed by the
Dubinin-Radushkevich (R? = 0.986), Langmuir (R? =
0.982) and Freundlich (R?=0.971) isotherm models.
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Table 2. Isotherm models

Adsorption isotherm | Linear equation | Plot | Slope | Intercept
L . c. 1 c 4 1 C s ¢ 1 1
angmuir = =— = —
g qe dm ¢ K, qm de ¢ dm K, * Gm

gm (mg/g) is the maximum amount of adsorbate per unit weight of adsorbent required to form a saturated monolayer
of adsorbate molecules on the adsorbent surface; Kz (L/mg) is the Langmuir isotherm constant which is a measure
of the affinity between adsorbate and adsorbent and is related to the free energy of adsorption. The Langmuir model
assumes that the adsorption takes place onto homogeneous surfaces with a finite number of sites which have all the same
activation energy (Langmuir, 1918).

. 1 lo VS 1
Freundlich logq., = logKyp + o logC, l‘(g);lece - logKy
Kr (mg/g) is a measure of the adsorption capacity (being related to the bonding energy) and 1/n corresponds to the
strength of adsorption and to the surface heterogeneity. The value of n describes the adsorption characteristics as
follows: if n = 1 the Freundlich expression reduces to a linear adsorption isotherm, which means a homogenous
adsorption without interactions between the adsorbed species; n > 1, indicates that the adsorption is a favourable
process; n < 1, indicates an unfavourable adsorption process (Freundlich, 1906).
. R-T R-T R-T R - T-InKy
Temkin Qe = -InKy + ——- InC, qe VS InC,
T br br br
br is the Temkin constant related to the heat of adsorption (J/mol) which indicates the adsorption intensity of the
adsorbent; Kr (mg/L) is the Temkin constant related to the adsorption capacity. The Temkin isotherm assumes that
the adsorption heat of the molecules decreases linearly with the surface coverage owing to a decrease of the adsorbent—
adsorbate interactions during adsorption (Temkin and Pyzhev, 1940).
Dubinin- Inq, =Ilnqp — B - &2 Ing, vs €2 B Ingp
Radushkevich (D-R)
qp is the theoretical saturation capacity (mg/g), B is a constant related to the mean free energy of adsorption per
mole of adsorbate (mol?/J?); e = R-T - In(1 + 1/C,) is the Polanyi potential; E = 1/v2 - B is the mean sorption
energy — based on this energy of activation one can predict whether the adsorption is physisorption or
chemisorption. If the value of activation energy is in the range of 8 + 16 kJ/mol is a physisorption process and if
the value of activation energy is in the range of 20 + 40 kJ/mol is a chemisorption process (Dubinin, 1960).

Table 3. Isotherm constants for Astrazon Blue B adsorption onto zirconium silicate

Isotherm Parameters R? APE
Temkin Kr b
0.507 199.53 0.996 26
Dubinin-Radushkevich qp B
26.92 4x10° 0.986 363
Langmuir K gm
0.04563 61.72 0.982 3.84
Freundlich Kr n
3.53 1.371 0.971 512
The D-R mean adsorption energy E = 10 located on the macrospheres surface and on the
kJ/mol indicates an ionic exchange adsorption. The surface of pores with larger diameters is large enough
Freundlich constant » = 1.371 (I/n = 0.729) indicates to retain the dye molecules. For this reason, the
a favorable adsorption of the Astrazon Blue BG dye adsorption process is better described by a second
onto the zirconium silicate macrospheres. order kinetic model.
At higher concentrations of adsorbate (greater
3.2.4. Adsorption kinetics than 90 mg/L the adsorption process is better
The Kinetics of the adsorption process was described by the Elovich model, which is more
studied in order to provide data concerning the uptake suitable for describe slow adsorption processes.
rate of the Astrazon Blue BG dye and the mechanism Slower adsorption can be explained as follows: dye
of adsorption. Four kinetic models (Table 4) were molecules must reach to the less accessible adsorption
selected and compared in order to find the best centers located in the narrower pores (adsorption times
fitting model that to describe the sorption of the are higher due to the slow internal diffusion). The
cationic dye onto the zirconium silicate intraparticle  diffusion kinetic model provides
macrospheres. The calculated values of the information about the mechanisms involved in the
parameters corresponding to the adsorption kinetic adsorption process.
models (pseudo first order model, pseudo-second The plot of g, vs. 7 for the adsorption of
order model, Elovich model and modified Freundlich Astrazon Blue BG dye on the zirconium silicate beads
model) are summarized in Table 5. For dye (Fig. 8) show three linear sections: the first portion
concentrations up to 90 mg/L the adsorption process corresponds to the fast uptake of the dye molecules on
proceeds fast, since the number of active centers the external surface area of the adsorbent beads; the
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second straight portion is attributed to the gradual 3.6. Regeneration and reuse of the adsorbent
adsorption stage; the third linear portion is attributed

to the final equilibrium stage indicating the saturation In order to investigate the efficency of the
of the adsorbent surface. The occurrence of the several zirconium  silicate  beads, the  synthesized
linear regions is due to the difference between the rate macrospheres were reused 10 times. After each use the
of the mass transfer from the initial stage and the rates adsorbent was regenerated by calcination at 600°C for
of mass transfer that correspond to the other stages of 2 hours to remove the adsorbed dye.

the adsorption process.
Table 4. Kinetic adsorption models

Kinetic model | Linear equation | Plots | Slope | Intercept

1 k1 1 1 1 kq 1
= 4= — VS = — -
4 qe t qe @t qe qe

ki is the pseudo first order rate constant of adsorption (mint); ge and gt (mg/g) are the amounts of adsorbed dye per unit mass of
adsorbent at the equilibrium and respectively at time t (min); The model is commonly used for homogeneous sorbents and physical sorption
and supposes that the rate of adsorption is influenced by the adsorbate concentration and by the number of free sites for adsorption

(Lagergren and Svenska, 1898).

Pseudo first order

t
L = 1 s+ l -t Z VSt l 1 >
qe kz "qe qe de kz "Ge
kz is the pseudo second order rate constant of adsorption (g/mg-min); gt and ge (mg/g) are the amounts of dye adsorbed at time t and
at equilibrium respectively; ka-ge? is the initial adsorption rate (mg/g-min). The pseudo second order model suggests that the adsorption
depends both on the adsorbate concentration as well as on the adsorbent concentration. The rate-limiting step is the sorption and the

intraparticle diffusion has no role in the mass transfer of the adsorption process (Ho and McKay, 1999).

Pseudo-second order

Elovich q: = b-In(a/b) + b -In(t) q; Vs In(t) b b-In(a/b)
a = initial adsorption rate (mg/g-min); b = desorption constant related to the extent of surface coverage and to the activation energy
for chemisorption (mg/g); gt = the amount of dye adsorbed at time t (mg/g). This model is usually used in chemisorption on heterogeneous
materials and covers a wide range of slow adsorption processes (Elovich, 1962).

Intra-particle diffusion model qe = kig - t%5 + C; qe vs t%° kig C;
kid (mg/g-min®%) is the rate constant of stage i (obtained from the slope of the straight-line g: versus t®°), C; is proportional with
the thickness of the boundary layer. If the intraparticle diffusion is the sole rate-controlling step the plot of g: vs 7 is linear over the
whole time range and passes through the origin; when the sorption process is controlled by more than one mechanism (the adsorption
process proceeds in several steps) the plot of g: vs ¢’ will show multiple linear regions with different slopes (Weber and Morris, 1963).

Table 5. Kinetic data for Astrazon Blue BG sorption

L Dye concentration (mg/L)
Kinetic models 50 90 120 150
Ge.exp (MQ/Q) 10,60 17.93 25.13 28.83
Pseudo-first order
k1 (g/mg-min) 32.416 58.714 28.019 25.066
ge.cale (MQY/Q) 11.09 21.83 24.04 26.46
R? 0.972 0.981 0.994 0.99
APE 0.88 6.24 2.94 3.48
Pseudo-second order
k2 (g/mg-min) 0.00274 0.00117 0.00114 0.00104
Ge,cale (MQ/Q) 11.14 19.41 25.38 28.41
R? 0.999 0.996 0.998 0.999 0.998
APE 0.84 3.64 3.66 4.46
Elovich
a (mg/g-min) 0.811 0.976 1.981 2.4322
b (mg/g) 2.224 4,116 4.844 5.297
Ge.calc (MQY/Q) 11.985 20.409 26.656 29.763
R? 0.985 0.979 0.997 0.999
APE 3.58 3.71 1.71 0.98
Intraparticle diffusion
ki (mg/g-min®5) 0.9306 1.528 2.1104 2.399
R? 0.999 0.997 0.987 0.983
ki (Mmg/g-min®5) 0.3391 0.5584 0.8889 0.9788
Cinr 4.768 7.840 8.831 10.128
R? 0.942 0.993 0.984 0.989
ki (mg/g-min®?) 0.0918 0.1614 0.3237 0.423
Cimr 8.4248 14.04 17.352 18.509
R? 0.946 0.967 0.987 0.991
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Table 6. Adsorption efficiency of different adsorbents for Basic Blue 3

Adsorbent Maximum adsorption capacity /Temperature Reference
Silica 11 mg/g (303 K) Ahmad and Ram, 1992
CF clay 101 mg/g (298 K) Benchegroun et al., 2019
Sphagnum Magellanicum Peat 40.6 mg/g (303 K) Contreras et al., 2007
Acrylic resin 59.53 mg/g (323 K) Barsanescu et al., 2009

Activated carbons from black sapote seeds

58-59.8 mg/g (303 K)

Pelaez-Cid et al., 2019

Amberlite XAD-1180

35.7 mg/g (293 K)

Wawrzkiewicz, 2013

Pomelo Peel 23.87 mg/g (293 K) Liew and Siew, 2014
FesO4 7.474 mg/g (298 K) Muhammad et al., 2019
PANI (polyaniline) 8 mg/g (298 K) Muhammad et al., 2019
PANI/Fe304 78.13 mg/g (298 K) Muhammad et al., 2019

Zirconiumsilicate macrospheres

28.83 mg/g (295 K)

This study
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Fig. 8. The plot of the intraparticle diffusion model for
adsorption of Astrazon Blue BG dye onto zirconium
silicate macrospheres for different initial concentrations of
adsorbate

No loss of the adsorptive capacity was noticed
which represent an important avantage in view of
potential industrial applications.

3.7. Comparison between the adsorption efficiency of
different adsorbents for Basic Blue 3

A comparison between the maximum
adsorption capacity of Basic Blue 3 dye on porous
metallosilicate macrospheres and the maximum
adsorption capacities of this dye on other adsorbents
is presented in Table 6.

Although the values obtained on the zirconium
silicate macrospheres are lower than some of the
values previously reported for other adsorbents, the
zirconium silicates used in this study have the great
advantage that they can be easily separated and reused.

4. Conclusions

In this paper is presented an easy method for
the preparation of porous zirconium silicate
macrospheres by the spray gelling technique using the
multi-templating method. Gelatine, agar, yeast, sugar
and chitosan were used as pore generating agents. The
multi templating technique allowed to obtain spherical
form particles, with large pores, which facilitate the
access of the reactants to the active centres located
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inside the micropores and the narrow mesopores. The
wide angle X-ray diffraction, EDX and FTIR analyses
proved the good incorporation of the zirconium within
the silica framework. The zirconium silicate beads
were used as adsorbents for the uptake of the Astrazon
Blue BG cationic dye from aqueous solutions.

The adsorption process was found to be
dependent on the initial dye concentration, adsorbent
dose and contact time. Due to their dimensions
(comprised between 1.5 mm and 1.6 mm) the
macrospheres can be easily separated from the
reaction mixture by simple filtration and reused
several times.
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