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Abstract
In this research, sodium aluminum silicate hydrate/analcime composite (abbreviated as S/A) and analcime (abbreviated 
as A) products were fabricated utilizing the hydrothermal technique in the absence and presence of glutamine (concentra-
tion = 0.0435 g/mL) as phase-controlling template, respectively. Glutamine behaves as a crowning agent and avoids the 
accretion of particles. Hence, it controlled the morphology, aluminum silicate type, and crystallite size. The patterns of XRD 
elucidated that the S/A composite and A products exhibit a crystallite size equals 70.36 and 80.24 nm, respectively. Besides, 
the SEM elucidated that the S/A composite comprised of an irregular and sphere forms with a size of 2.64 µm whereas the 
A product comprised of a droxtal forms with a size of 7.84 µm. Furthermore, the fabricated products were exploited for 
removing Mn(II) ions from aqueous solutions. The uptake of Mn(II) ions was constrained by the pseudo-second-order model 
and Langmuir isotherm. Besides, the uptake of Mn(II) ions was exothermic since the estimations of ∆H° on account of S/A 
composite and A product were − 52.059 and − 58.878 kJ/mol, respectively. Additionally, the maximum uptake capacity 
of S/A composite and A product was 75.188 and 60.241 mg/g, respectively. The higher uptake of the S/A composite can 
be explained by the fact that the S/A composite has a small crystallite size (70.36 nm) and a high surface area (20.26 m2/g) 
compared to the A product. Furthermore, the fabricated products are returnable, stable, effective, and can be reutilized more 
than once without the concession of their efficacy regarding Mn(II) ions.
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1  Introduction

It has notable that the intensification of pollutants in water 
resources via different human and industrial performances 
can make difficult problems for plants, humans, and ani-
mals. The significant gatherings of environmental con-
tamination are heavy metals and organic molecules [1–6]. 
The elevated concentration of heavy metal ions, especially 
Mn(II) ions, in drinking water above the permissible level 
(50 μg/L) leads to several neurological deformities, for 
example, Parkinson’s disease according to the World 
Health Organization (WHO) rules [7, 8]. Manganese 
causes many health troubles such as hallucinations, for-
getfulness, nerve decay, bronchitis, and heart or valves 
tissue irritation. Owing to the altering of turbidity, taste, 
and color of water in the existence of Mn(II) ions and 
abnormalities referenced previously, fitting methods for 
the uptake of these ions from aqueous solutions have been 
established by scientists. Among the treatment approaches 
for removing toxic ions such as manganese ions, adsorp-
tion using an appropriate cost-effective and eco-friendly 
adsorbent is more applicable than different procedures 
including chemical precipitation, reverse osmosis, oxida-
tion, ultrafiltration, etc. [9–11]. The elevated adsorption 
capacity of certain adsorbents such as ferric oxides, alu-
mina, and activated carbon is the main object for their 
extensive utilization for removing various metals ions 
from aqueous solutions [12–14]. Such points of inter-
est were restricted by their significant expense. Hence, 
searching attempts for low-cost and eco-friendly adsor-
bent materials dominate on these problems. An effective 
candidate adsorbent for this point is aluminum silicates 
(i.e. zeolites). Zeolites are considered as wonderful cation 
exchangers because they possess a net negative charge, 
which compensated by the exchangeable ions of positive 
charge such as sodium ions, and consequently elevated 
adsorption capacity toward different cations such as Zn(II), 
Cu(II), and Pb(II) ions [15–17]. Removing of inorganic 
pollutants using clinoptilolite zeolite of natural type con-
cerning Mn(II), Zn(II), Cu(II), and Co(II) were exam-
ined by Erdem et al. [18, 19]. The study accomplished 
utilizing batch procedure and the influence of changing 
the primary concentration of previous metal ions also 
examined. They found that the uptake process is occurred 
according to the following order Co(II) > Cu(II) > Zn(II) 
> Mn(II). Also, the removal of Ni(II), Co(II), La(III), and 
Ba(II) ions from aqueous media was examined by Sofia 
et al. [20]. The study accomplished utilizing batch tech-
nique using platinum/Zeolite-4A adsorbent. They found 
that the optimum adsorption conditions were achieved at 
dosage = 0.2 g/20 mL, pH 7, and contact time = 30 min. 
Besides, the synthesis of various zeolite adsorbents from 

fly ash was examined by Min-Gyu et al. [21]. By the utilize 
of several temperatures and sodium hydroxide concentra-
tions, five zeolites were gotten: faujasite, Na-P1, analcime, 
cancrinite, and hydroxysodalite. Na-P1 zeolite showed the 
highest uptake capacity toward Pb ions (1.29 mmol/g). 
Consequently, due to the high adsorption capacity of zeo-
lite toward a lot of pollutants, many researchers devote 
their time to find simple and inexpensive synthetic meth-
ods. Lately, organic molecules behave as a crowning agent 
and avoid the accretion of particles. Hence, they controlled 
the morphology, aluminum silicate type, and crystallite 
size [17, 22, 23]. In this work, sodium aluminum sili-
cate hydrate/analcime (S/A) composite and analcime (A) 
products were hydrothermally produced in the absence 
of template and the presence of glutamine, respectively. 
Moreover, the efficiency of the fabricated products in the 
uptake of Mn(II) ions from aqueous media were estimated.

2 � Experimental

2.1 � Chemicals

Nitric acid (Chemical formula: HNO3), fumed silica (Chem-
ical formula: SiO2), sodium hydroxide (Chemical formula: 
NaOH), aluminum chloride hexahydrate (Chemical formula: 
AlCl3·6H2O), hydrochloric acid (Chemical formula: HCl), 
glutamine (Chemical formula: C5H10N2O3), ethylenediami-
netetraacetic acid tetrasodium salt dihydrate (EDTA) (Chem-
ical formula: C10H16N2Na4O10), and manganese(II) chloride 
tetrahydrate (Chemical formula: MnCl2·4H2O) were attained 
from Sigma Aldrich company.

2.2 � Synthesis of Analcime and Sodium Aluminum 
Silicate Hydrate/Analcime

93 mL of 2.27 mol/L sodium hydroxide was utilized for dis-
solving 2.87 g of fumed silica for obtaining Si(IV) solution. 
Besides, 30 mL of distilled water was employed for dissolv-
ing 2.87 g of aluminum chloride hexahydrate for obtain-
ing Al(III) solution. Also, 23 mL of 1.27 mol/L sodium 
hydroxide was employed for dissolving 1 g of glutamine 
for obtaining template precursor. After that, the glutamine 
solution was poured to the Si(IV) solution partially wise 
with continuous stirring for 43 min. Then, the Al(III) solu-
tion was poured to the glutamine/Si(IV) mixture partially 
wise with continuous stirring for 43 min. Furthermore, the 
resulting glutamine/Al(III)/Si(IV) mixture was exposed to 
123 °C till the overall volume matches 83 mL. Then, the 
glutamine/Si(IV)/Al(III) mixture was transported into Tef-
lon lined autoclave)capacity = 100 mL( then exposed to 
123 °C for 1 day. Furthermore, the white precipitate (anal-
cime: abbreviated as A) was filtered, washed several times 
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using hot distilled water, dried at 83 °C for 1 day, and cal-
cined at 550 °C for 5 h. The previous experimental steps 
were repeated, but in the absence of the glutamine to obtain 
sodium aluminum silicate hydrate/analcime composite 
(abbreviated as S/A).

2.3 � Uptake of Manganese Ions From Aqueous 
Solutions

Uptake batch tries were accomplished via moving a 0.04 g 
of the A product or S/A composite into a 0.25 L Erlenmeyer 
conical flask including 35 mL of a particular Mn(II) con-
centration adjusted to a specific pH consuming 0.1 M HCl 
or NaOH. Several factors were accomplished such as pH (in 
the range of 2.5–8 at contact time = 120 min and concentra-
tion = 180 mg/L), contact time (in the range of 5–180 min 
at pH 6 and concentration = 180 mg/L), temperature (in the 
extent of 298–323 K at contact time = 60 min, pH 6, and 
concentration = 180 mg/L), and concentration (in the extent 
of 60–240 mg/L at contact time = 60 min and pH 6). After 
that, the combines were magnetically mixed via exploiting 
a magnetic stirrer (speed = 470 rpm). Then, the A product 
or S/A composite was withdrawn employing a centrifuge 
(speed = 2503 rpm). Besides, the filtrate was investigated for 
manganese ions via exploiting inductively coupled plasma 
(ICP). The quantity of Mn(II) ions taken by unit mass (g) 
of the A product or S/A composite (Q, mg/g) was estimated 
through the subsequent expression;

Besides, the % uptake of Mn(II) ions using the A product 
or S/A composite (% R) was estimated through the subse-
quent expression;

where, Ceq (mg/L) and Ci (mg/L) expressions are the con-
centration of the Mn(II) ions in the filtrate and primary 
solution, respectively. Furthermore, V (L) expression is the 
solution volume. Besides, m (g) expression is the quantity 
of the S/A composite or A product.

Desorption batch experiments were accomplished via 
transporting a manganese loaded A product or S/A com-
posite into a 0.25 L conical flask including 35 mL of des-
orption reagents such as HNO3 (0.15 and 0.6 M), HCl (0.15 
and 0.6 M), and EDTA (0.15 and 0.6 M). After that, the 
mixes were magnetically mixed via exploiting a magnetic 
stirrer (speed = 470 rpm) for 50 min at room temperature. 
Furthermore, the S/A composite or A product was separated 
via exploiting a centrifuge (speed = 2503 rpm). Besides, the 
filtrate was investigated for manganese ions via exploiting 
inductively coupled plasma (ICP).

(1)Q =
(

Ci − Ceq

)

V∕m

(2)%R =
(

Ci − Ceq

)

∗ 100∕Ci

Also, the desorption fraction (% S) was estimated through 
the subsequent expression;

where, Vdm (L) term is the volume of desorption reagent and 
Cdm (mg/L) term is the concentration of Mn(II) ions which 
exist in the desorption reagent. Furthermore, the separated 
A product or S/A composite was exposed to 73 °C for drying 
then reprocessed four periods as formerly illustrated.

2.4 � Characterization

The X-ray diffraction patterns (XRD) of the S/A composite 
or A product were recorded utilizing a D8 Advance Bruker 
X-ray diffractometer with Cu Kα irradiation (λ = 0.15 nm). 
Also, Fourier-transform infrared images (FT-IR) of S/A 
composite or A product were gotten using the Perkin Elmer 
FT-IR spectrophotometer. The morphology images of the 
S/A composite or A product were gotten via exploiting 
scanning electron microscopy (SEM, JEOL, JSM.6510LV). 
Thermo Scientific 6500 Duo Inductively coupled plasma 
was employed for the estimation of Mn(II) concentration.

3 � Results and Discussion

3.1 � Identification of the Fabricated Products

Figure 1a clarifies the XRD pattern of the S/A composite 
which was constructed in the absence of templates. Also, 
Fig. 1b clarifies the XRD pattern of the A product which 
was constructed using glutamine.

The chemical formula, crystal structure, and space group 
of analcime are Na (AlSi2O6) (H2O), Cubic, and Ia-3d, 
respectively as simplified in JCPDS No. 70-1575 [16, 24, 
25]. Also, the chemical formula, crystal structure, and 
space group of sodium aluminum silicate hydrate are Na6 
(AlSiO4)6.8H2O, Cubic, and P-43n, respectively as simpli-
fied in JCPDS No. 40-0102 [16, 24, 25].

The specific peaks of the analcime zeolite at 2θ = 68.99, 
66.01, 63.11, 57.71, 56.86, 54.23, 53.34, 52.43, 48.69, 
47.73, 40.47, 37.01, 35.79, 33.25, 31.91, 30.51, 25.94, 
24.24, 18.26, and 15.80 can be ascribed to lattice plans of 
(772), (932), (921), (831), (660), (741), (800), (732), (633), 
(640), (532), (440), (521), (431), (422), (332), (400), (321), 
(220), and (211), respectively. Also, the specific peaks of 
the sodium aluminum silicate hydrate at 2θ  = 65.02, 61.03, 
59.00, 50.48, 43.35, 38.02, 35.13, 24.61, 20.00, and 14.11 
can be ascribed to lattice plans of (611), (530), (440), (422), 
(330), (321), (222), (211), (200), and (110), respectively.

(3)%S =
(

100 CdmVdm

)

∕
((

Ci − Ceq

)

V
)
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The A product and S/A composite possess a crystallite 
size, which was evaluated applying Scherrer equation, equals 
80.24 and 70.36 nm, respectively [26–31].

Figure 2a, b clarifies the FT-IR spectra of the S/A com-
posite and A samples, respectively. The broadband, which 
was observed in S/A composite or A product at 3450/cm, 
was assigned to the stretching vibration of water (H2O), 
silanol (Si–OH), and/or aluminol (Al–OH) functional 
groups. Also, the noticed bands in S/A composite and A 
product at 1648 and 1649/cm were ascribed to the bend-
ing vibration of zeolite water, respectively. Besides, the 

observed bands at 450 and 451/cm in S/A composite and 
A product were ascribed to the bending vibration of X-O-X 
(X = Si and/or Al), respectively. Additionally, the noticed 
band at 589/cm in S/A composite indicated the vibration of 
a double ring. Further, the noticed band in S/A composite or 
A product at 672/cm indicated the internal symmetric vibra-
tion of X-O-X. Also, the noticed bands in S/A composite 
(at 712 and 783/cm) and A product (at 785/cm) indicated 
the external symmetric vibration of X-O-X. Besides, the 
noticed bands in S/A composite and A product at 1037 and 
1031/cm were ascribed to the internal asymmetric vibration 

Fig. 1   XRD of the S/A composite (a) and A (b) samples
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of X-O-X, respectively. Furthermore, the noticed band in 
S/A composite or A product at 1489/cm was ascribed to the 
external asymmetric vibration of X-O-X [15–17, 22, 23].

Figure 3a, b clarifies the images of FE-SEM for the S/A 
composite and A product, respectively. Also, the S/A com-
posite comprised of an irregular and sphere forms with a size 
equals 2.64 µm. Besides, the A product comprised of droxtal 

forms with a size equals 7.84 µm. BET surface area, which 
was determined from nitrogen isotherms at − 196 °C, for 
S/A composite and A products equals 20.26 and 13.87 m2/g, 
respectively.

3.2 � Uptake of Mn(II) Ions From Aqueous Solutions

3.2.1 � Impact of Solution pH

The % removal (% R) and uptake capacity (Q), which were 
tested in the range of pH 2.5–8.0 for S/A composite and A 
product, were simplified in Fig. 4a, b, respectively. Q or % R 
quickly rises with the rise in the value of pH for Mn(II) solu-
tion then subsequently reached to approximately plateau esti-
mate about 6.50. On account of S/A composite, Q and % R at 
pH 6.5 were 61.25 mg/g and 38.89%, respectively. Besides, on 
account of A product, Q and % R at pH 6.5 were 43.75 mg/g 
and 27.78%, respectively.

3.2.2 � Impact of Contact Time

The % removal (% R) and uptake capacity (Q), which were 
tested in the range of time = 5–180 min for S/A composite and 
A product, were simplified in Fig. 5a, b, respectively. Q or % R 
quickly growths with the rise in the time for manganese solu-
tion then arrived at approximately plateau estimate at 60 min. 
On account of S/A composite, Q and % R at time = 60 min 
were 59.50 mg/g and 37.78%, respectively. Also, on account 
of A product, Q and % R at time = 60 min were 45.50 mg/g 
and 28.89%, respectively.

Two essential adsorption kinetic models, pseudo-first-order 
(Eq. 4) and pseudo-second-order (Eq. 5) were employed for 
matching the experimental data [15–17, 22, 23, 32, 33].

(4)log
(

Qe − Qt

)

= log Qe − KFt∕2.303

(5)t∕Qt =
(

1∕KSQ
2
e

)

+
(

1∕Qe

)

t

Fig. 2   FT-IR spectra of the S/A composite (a) and A (b) samples

Fig. 3   SEM images of the S/A composite (a) and A (b) samples
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where, the term of Qe (mg/g) represents the uptake capacity 
toward Mn(II) ions at equilibrium whereas the term of Qt 
(mg/g) represents the uptake capacity at contact time t. Also, 
KF (1/min) expression is the rate constants of pseudo-first-
order whereas KS (g/mg min) expression is the rate constants 
of pseudo-second-order models. The pseudo-first-order (a 
linear plot of log(Qe − Qt) vs. t) and pseudo-second-order (a 
linear plot of t/Qt vs. t) models on account of utilizing S/A 
composite or A product were shown and explained exploit-
ing Fig. 6a, b, respectively. The evaluated kinetic factors 
due to the adsorption of Mn(II) ions using S/A composite 
or A product were presented in Table 1. Also, the correla-
tion coefficient values (R2), which were acquired from the 
pseudo-second-order model on account of S/A composite 
or A product, were more than that of the pseudo-first-order 
model. Hence, the adsorption processes of Mn(II) ions were 
constrained by the pseudo-second-order model. 

3.2.3 � Impact of Solution Temperature

The % removal (% R) and adsorption capacity (Q), which were 
examined in the range of temperature = 298–328 K for S/A 
composite and A product, were presented in Fig. 7a, b, respec-
tively. Adsorption capacity (Q) or % removal (% R) quickly 
reduces with the rise in the value of temperature for manga-
nese solution.

The ΔH° (change in enthalpy), ΔG° (change in free 
energy), and ΔS° (change in the entropy) factors due to the 
uptake of manganese ions were evaluated utilizing equations 
No. 6 and 7 [15–17, 22, 23, 32, 33].

(6)ΔG◦ = ΔH◦ − TΔS◦

(7)lnKd = (ΔS◦∕R) − (ΔH◦∕RT)

Fig. 4   The relation of pH with % R of manganese ions (a) and uptake capacity of the synthesized samples (b)

Fig. 5   The relation of time with % R of manganese ions (a) and uptake capacity of the synthesized samples (b)
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where, the term of Kd (L/g) represents the distribution coef-
ficient whereas T (Kelvin) expression is the uptake tempera-
ture. Also, R (KJ/mol K) expression is the value of a gas 
constant. Furthermore, the distribution coefficient (Kd) was 
calculated through Eq. (8).

Linear plots of lnKd vs. 1/T were clarified in Fig. 7c. The 
calculated thermodynamic constants due to the uptake of 
Mn(II) ions using A product or S/A composite were displayed 
in Table 2. The value of ∆H° on account of S/A composite and 
A product is − 52.059 and − 58.878 kJ/mol, respectively. So, 
the uptake of Mn(II) ions utilizing S/A composite and A prod-
uct is chemical (due to ∆H° ≥ 40 kJ/mol) and exothermic (due 
to the negative sign). The values of ΔG° on account of S/A 
composite and A product are − 105.207 and − 119.819 kJ/
mol at temperature equals 25 °C, respectively. So, the uptake 
of manganese ions employing A product or S/A composite 
is spontaneous due to the negative sign. The values of ΔS° 
on account of S/A composite and A product are 0.178 and 
0.205 kJ/molK, respectively. So, the uptake of manganese ions 
was extremely disordered at the solution boundary/adsorbent 
due to the positive sign.

3.2.4 � Impact of Primary Metal Concentration

The % removal (% R) and uptake capacity (Q), which were 
tested in the range of concentration = 60–240 mg/L for 

(8)Kd = Q∕Ceq

S/A composite and A product, were displayed in Fig. 8a, 
b, respectively. Adsorption capacity (Q) quickly increases 
whereas % removal (% R) reduces with the rise in the pri-
mary concentration of manganese ions. Two essential uptake 
equilibrium models, Freundlich (Eq.  9) and Langmuir 
(Eq. 10) were employed for matching the obtained experi-
mental data [15–17, 22, 23, 32, 33].

where, Qm (mg/g) expression is the maximum uptake capac-
ity whereas KFr (mg/g)(L/mg)1/n expression is the Freun-
dlich constant. Also, KL (L/mg) expression is the Langmuir 
constant whereas 1/n expression is the heterogeneity factor. 
Furthermore, the Qm of Freundlich isotherm was calculated 
with the aid of Eq. (11).

 
The Freundlich and Langmuir isotherms on account of 

employing S/A composite and A product were conducted 
and explained exploiting Fig. 9a, b, respectively. The calcu-
lated equilibrium constants due to the uptake of manganese 
ions using S/A composite and A product were donated in 
Table 3. Also, the correlation coefficient values (R2), which 
were acquired from the Langmuir isotherm on account of 

(9)lnQe = lnKFr + (1∕n) lnCe

(10)Ce∕Qe =
(

1∕KLQm

)

+
(

Ce∕Qm

)

(11)Qm = KF

(

Ci

)1∕n

Fig. 6   The pseudo-first-order (a) and pseudo-second-order (b) models

Table 1   The constants of 
pseudo-first-order and pseudo-
second-order models

Adsorbent Pseudo first order Pseudo second order

Q (mg/g) KF (1/min) R2 Q (mg/g) KS (g/mg min) R2

Composite 42.047 0.056 0.882 70.472 0.001 0.976
Analcime 38.569 0.049 0.9 58.275 0.001 0.934
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S/A composite and A product, were more than that of the 
Freundlich isotherm. Hence, the uptake of Mn(II) ions was 
constrained by the Langmuir isotherm. Furthermore, the 
maximum uptake capacity of S/A composite and A product 
was 75.188 and 60.241 mg/g, respectively. 

3.2.5 � Impact of Regeneration and Reusability

For making the adsorption technique more progressively 
economical, the regenerations of the utilized adsorbents 
are important. 0.15 M HNO3, 0.6 M HNO3, 0.15 M HCl, 
0.6  M HCl, 0.15  M EDTA, and 0.6  M EDTA freshly 

prepared solutions were operated for the desorption of 
manganese ions from S/A composite and A product as 
shown in Fig. 10a, b, respectively. % S equals 99.29 and 
99.04% on account of S/A composite and A product by 
means of 0.6 M EDTA. So, EDTA was employed for des-
orption of Mn(II) ions from S/A composite and A product. 
The reusability of S/A composite and A product for four 
periods was displayed in Fig. 11a, b, respectively. There 
is an extremely insignificant reduction in the % uptake 
of Mn(II) ions applying S/A composite and A product. 
Hence, the S/A composite or A adsorbents are returnable, 

Fig. 7   The relation of temperature with % R of manganese ions (a) and uptake capacity of the synthesized samples (b). The plots of lnKd versus 
1/T (c)

Table 2   The thermodynamic 
parameters

Adsorbent ∆G° (KJ/mol) ∆S° (KJ/molK) ∆H° (KJ/mol)

Temperature (Kelvin)

298 308 318 328

Composite  − 105.207  − 106.991  − 108.774  − 110.558 0.178  − 52.059
Analcime  − 119.819  − 121.865  − 123.909  − 125.955 0.205  − 58.878
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stable, effective, and can be used over and over without the 
concession of their efficacy regarding Mn(II) ions. 

3.2.6 � Comparative Investigation

The uptake capacity of the S/A composite or A product regard-
ing manganese ions were compared with further adsorbent 
materials in the previous papers, for example, metakaolin 
established geopolymer, EDTA-improved magnetic activated 
carbon nanocomposite, Mo/Co double layered hydroxide, 

activated carbon immobilized via tannic acid, and Crab shell 
as clarified in Table 4 [11, 34–38]. The uptake capacities of 
the constructed samples toward Mn(II) ions outperform most 
of the above-mentioned adsorbents.

Fig. 8   The relation of concentration with % R of manganese ions (a) and uptake capacity of the synthesized samples (b)

Fig. 9   The Freundlich (a) and Langmuir (b) isotherms

Table 3   The constants of 
Langmuir and Freundlich 
isotherms

Adsorbent Langmuir Freundlich

Qm (mg/g) KL (L/mg) R2 Qm (mg/g) KFr (mg/g)(L/
mg)1/n

R2

Composite 75.188 0.046 0.937 65.527 28.459 0.646
Analcime 60.241 0.036 0.938 51.718 18.353 0.786
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Fig. 10   The relation of % S with desorption media for S/A composite (a) and A (b) samples

Fig. 11   The relation of % R with cycle number for S/A composite (a) and A (b) samples

Table 4   Comparison between 
the uptake capacity of the 
fabricated samples and other 
adsorbents

Adsorbent Adsorption capacity 
(mg/g)

References

Metakaolin based geopolymer 72.300 [34]
EDTA-modified magnetic activated carbon nanocomposite 94.000 [11]
Mo/ Co double layered hydroxide 20.200 [35]
Activated carbon immobilized by tannic acid 1.730 [36]
Crab shell particles 69.900 [37, 38]
Analcime/sodium aluminum silicate hydrate composite 75.188 This study
Analcime 60.241 This study
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4 � Conclusions

The hydrothermal technique was operated for the construc-
tion of sodium aluminum silicate hydrate/analcime compos-
ite (abbreviated as S/A) and analcime (abbreviated as A) in 
the absence and presence of glutamine as phase-controlling 
template, respectively. The crystallite size of S/A composite 
and A product is 70.36 and 80.24 nm, respectively. Besides, 
manganese ions were cost-effectively separated from aque-
ous solutions utilizing the constructed samples. Moreover, 
the maximum uptake capacity of S/A composite and A prod-
uct is 75.188 and 60.241 mg/g, respectively. Furthermore, 
the constructed products are returnable, stable, effective, and 
can be reutilized more than once without the concession of 
their efficacy regarding Mn(II) ions.
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