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In this work, expanded perlite was employed as a Si and Al source in zeolite synthesis. The products
obtained were mixtures of three zeolitic topologies identified by X-ray diffraction and scanning electron
microscopy. The zeolite OFF presented elongated prism morphology and the zeolites GIS and ERI
appeared as crystal intergrowths. The products and the expanded perlite were used in a Rhodamine B
adsorption study . The zeolitic mixture turned out to be a better adsorber than the expanded perlite,
obtaining an efficiency of 90% up to 2 min and an equilibrium efficiency of 72% after 5 min.

� 2018 Elsevier B.V. All rights reserved.
1. Introduction

Zeolites are microporous materials synthesized from saturated
aqueous solutions of TIII and TIV cations, generally Si and Al, under
predetermined pressure and temperature conditions [1,2]. The dif-
ferent topologies are identified with a three letter code standard-
ized by the International Zeolite Association (IZA) [3]. By varying
the composition of the solution (or gel) and the operating condi-
tions, zeolites with different chemical compositions and structural
characteristics are obtained. Among the synthetic methodologies,
the hydrothermal synthesis in basic media is highlighted [4,5]. A
trend in this type of synthesis employs organic structure-
directing agents [6]. Synthesizing some of the zeolitic structures
is not possible without their use, for example, in the case of the
new zeolite ITQ-62 [7].

The removal of contaminants, i.e. dyes, is among the various
applications for these materials [8,9]. Rhodamine B is an example
of dye, widely used in the textile industry [10,11]. Its adsorption
using zeolites was tested, for example, in the traditionally-
synthesized pure beta zeolite [12]. Still, studying other zeolitic
topologies or even mixtures would be advantageous, as the synthe-
sis control of the pure phases is still in development.

On the other hand, synthesize zeolites from various alternative
materials containing Si and Al, such as coal ash [13,14], rice husk
ash [15,16] and raw powder glass [17,18], is a focus of study. The
advantages of their use are costs reduction and the possibility of
recycling waste derived from other industries. Perlite is a volcanic
natural product mainly composed by Si and Al, whose structure
can be expanded by thermal treatment [19]. This material has
already been used in zeolite synthesis [20,21], but, mixtures were
mostly obtained and they were not applied, as far as we know.

In this context, the present work aims to study the use of perlite
in zeolite synthesis using an organic structure-directing agent and
to assess the products ability on Rhodamine B adsorption.
2. Experimental

Initially, a solution containing 1.646 g sodium hydroxide
(NaOH, 97%, Sigma-Aldrich) and 29.030 g distilled water was pre-
pared. Subsequently, it was added to this solution 10.326 g Argen-
tinean expanded perlite (Si/Al = 4.2, pre-treated at 900 �C,
Schumacher Insumos, Brazil). After 5 min of homogenization,
29.289 g tetramethylammonium hydroxide (TMAOH, Sigma-
Aldrich, 25%) was also added and stirred for 1 h. Finally, the gel
formed was placed in Teflon autoclaves, and, then, in stainless steel
autoclaves that may or may not be left during a day ageing (AG =
sample with ageing synthesis step). After this period, the auto-
claves were introduced in a static oven for 4, 24, 48 and 72 h at
100 �C. The materials obtained were characterized by X-ray diffrac-
tion (XRD, D2Phaser, Bruker, with Lynxeye detector) and field
emission scanning electron microscopy (FESEM, Ultra-55, Zeiss,
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samples deposited on a carbon double-sided tape, without metallic
coating).

The Rhodamine B (Sigma-Aldrich, � 95%) adsorption experi-
ments were performed in triplicate. A 7 ppm Rhodamine B solution
Fig. 1. XRD of the aged-synthesized samples compared to the IZA powder patterns
of ERI, GIS and OFF topologies [24].

Fig. 2. XRD of the non-aged-synthesized samples compared to the IZA powder
patterns of s ERI, GIS and OFF topologies [24].

Fig. 3. Micrographs of sample PE-AG-24H: OFF topology with a little prop
was prepared in distilled water. Afterwards, 50 mL of the previous
solution was transferred to an erlenmeyer flask containing 0.1 g of
perlite or zeolitic product. Then, it was stirred for different times
(2, 5, 10 or 20 min). Once this time passed, 4 mL of the resulting
solution was filtered through a 0.2 mm nylon filter and read on a
spectrophotometer (HachDR500), noting the absorbance at a
wavelength of 553 nm. The concentrations of the solutions were
calculated after the application of the Lambert-Beer equation
[22]: Abs = a�b�c. Being Abs, absorbance; c, the concentration in
ppm; b, the optical path (1 cm); and, the absortivity coefficient
in mL�mg-1�cm-1. The efficiency was also obtained, having previ-
ously confirmed the exact concentration of the dissolution by its
measurement on the spectrophotometer. The formula employed
was [23]: Efficiency (%) = 100�(c0 � c)/c0. Being c0, the initial con-
centration; and c the concentration measured at the time of
adsorption.

3. Results and discussions

The XRD of the samples synthesized including the ageing step
are presented in Fig. 1. A mixture of crystalline phases appeared
in every sample after 24 h of synthesis. Samples PE-AG-24H and
PE-AG-48H presented three zeolitic topologies: OFF in greater pro-
portion, and ERI and GIS as impurities, identified by comparison
with the indexing provided by the IZA database [24]. The last sam-
ple featured the OFF topology in higher proportion, with a very
small proportion of impurities. The phase mixture and their ratios
were justified by the gel composition, being close to the OFF syn-
thesis gel and with the possible appearance of the same minority
phases due to small shifts of the pre-defined gel composition [2].

Regarding the non-aged synthesis methodology (Fig. 2), the
results were similar. The samples obtained after 24 h (PE-24H,
PE-48H and PE- 72H) showed the same previous phases (OFF, ERI
and GIS) identified by the same methodology, but in different pro-
portions [24]. In this case, the reflections seemed less intense than
in the synthesis with the ageing step.

The morphologies of the samples were analyzed by FESEM
(Fig. 3). The OFF topology presented granular shape [25], and the
GIS and ERI zeolites appeared as a intergrowth, reminding the
globular GIS morphology [26] and resembling the fibrous ERI [27].

The adsorption tests started by the construction of the calibra-
tion curve for Rhodamine B, using different concentrations (2–10
ppm) [22]. The absorbance –concentration plot was represented,
allowing the coefficient of extinction calculus according to the
Lambert-Beer law, by linear adjustment. This coefficient resulted
in 0.217 mg mL�1 cm-1 with a R2 value of 0.997.The sample PE-
48H was chosen to evaluate a mixture of zeolitic topologies syn-
thesized with expanded perlite. The samples obtained at 72 h were
almost pure and the 24-hours samples already have a little propor-
tion of amorphous. The results of the adsorption experiments are
ortion of amorphous phase (left) and the GIS/ERI intergrowth (right).



Table 1
Rhodamine B adsorption results in the zeolitic mixture and in the expanded perlite.

Sample Time (min) Efficiency (%) Standard deviation (%)

Expanded perlite 2 80.0 1.4
5 18.6 0.1
10 27.3 0.2
20 25.0 0.8

Zeolitic mixture 2 93.0 0.0
5 67.5 2.2
10 82.2 2.7
20 67.0 2.0
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shown in Table 1. The efficiency of both materials was very good
after 2 min, corresponding the best result to the mixture of zeolites
(93.0% efficiency). After that time, the dye tended to be desorbed
achieving the equilibrium for both materials, resulting in an effi-
ciency of around 72% for the mixture of zeolites, three times higher
than for the expanded perlite. These results demonstrated that the
mixture of zeolites was a superior adsorber.

4. Conclusions

Zeolitic mixtures of topologies OFF, ERI and GIS were synthe-
sized with expanded perlite after 24-hours. When increasing the
synthesis time, the proportion of the OFF topology also increased,
due to the composition of the perlite. Finally, the zeolitic mixtures
were tested on Rhodamine B adsorption in comparison with the
expanded perlite, obtaining superior results in the case of the zeo-
litic mixture. This fact justified the perlite transformation to zeo-
lites, including in the form of mixtures.

Acknowledgments

The authors acknowledge CAPES, CNPq, PPGQ, PPGCEM and
UFRN for the installations and financial support. The authors are
also thankful to C. Wittee Lopes and ITQ for the SEM micrographs.
There are no conflicts to declare.

References

[1] C.S. Cundy, P.A. Cox, The hydrothermal synthesis of zeolites: history and
development from the earliest days to the present time, Chem. Rev. 103 (2003)
663–701.

[2] S. Mintova, N. Barrier, Verified Synthesis of Zeolitic Materials, 3rd revised
edtion., Elsevier, Amsterdam, The Netherlands, 2016.

[3] P. Vinaches, K. Bernardo-Gusmão, S. Pergher, An introduction to zeolite
synthesis using imidazolium-based cations as organic structure-directing
agents, Molecules 22 (2017) 1307.

[4] K. Kida, Y. Maeta, K. Yogo, Synthesis of pure silica STT-type zeolite membrane,
Mater. Lett. 209 (2017) 36–38.

[5] F. Pan, X. Lu, T. Wang, Y. Yan, Submicron ZSM-5 synthesized by green and fast
route, Mater. Lett. 196 (2017) 245–247.
[6] C.W. Lopes, L. Gómez-Hortigüela, A. Rojas, S.B.C. Pergher, Fluoride-mediated
synthesis of TON and MFI zeolites using 1-butyl-3-methylimidazolium as
structure-directing agent, Micropor. Mesopor. Mater. 252 (2017) 29–36.

[7] L. Bieseki, R. Simancas, J.L. Jorda, P.J. Bereciartua, A. Cantin, J. Simancas, et al.,
Synthesis and structure determination via ultra-fast electron diffraction of the
new microporous zeolitic germanosilicate ITQ-62, Chem. Commun. (2018).

[8] S.K. Sharma, Green Chemistry for Dyes Removal from Waste Water: Research
Trends and Applications, Wiley, 2015.

[9] C. Wang, J. Li, L. Wang, X. Sun, J. Huang, Adsorption of dye from wastewater by
zeolites synthesized from fly ash: kinetic and equilibrium studies, Chin. J.
Chem. Eng. 17 (2009) 513–521.

[10] A.A.M. Farag, I.S. Yahia, Rectification and barrier height inhomogeneous in
Rhodamine B based organic Schottky diode, Synthetic Metals. 161 (2011) 32–
39.

[11] L. You-ji, C. Wei, Photocatalytic degradation of Rhodamine B using
nanocrystalline TiO2-zeolite surface composite catalysts: effects of
photocatalytic condition on degradation efficiency, Catal. Sci. Technol. 1
(2011) 802–809.

[12] Z.-L. Cheng, Li Y-x, Liu Z. Study on adsorption of rhodamine B onto Beta
zeolites by tuning SiO2/Al2O3 ratio, Ecotoxicol. Environ. Safety 148 (2018)
585–592.

[13] L. Bieseki, F.G. Penha, S.B.C. Pergher, Zeolite A synthesis employing a brazilian
coal ash as the silicon and aluminum source and its applications in adsorption
and pigment formulation, Mater. Res. 16 (2013) 38–43.

[14] T. Hu, W. Gao, X. Liu, Y. Zhang, C. Meng, Synthesis of zeolites Na-A and Na-X
from tablet compressed and calcinated coal fly ash, R. Soc. Open Sci. 4 (2017).

[15] A.J. Schwanke, D.M.A. Melo, A.O. Silva, S.B.C. Pergher, Use of rice husk ash as
only source of silica in the formation of mesoporous materials, Cerâmica 59
(2013) 181–185.

[16] R.M. Mohamed, I.A. Mkhalid, M.A. Barakat, Rice husk ash as a renewable
source for the production of zeolite NaY and its characterization, Arab. J. Chem.
8 (2015) 48–53.

[17] P. Vinaches, Alves JABLR, Melo DMA, Pergher SBC. Raw powder glass as a silica
source in the synthesis of colloidal MEL zeolite, Mater. Lett. 178 (2016) 217–
220.

[18] P. Vinaches, E.P. Rebitski, Alves JABLR, Melo DMA, Pergher SBC.
Unconventional silica source employment in zeolite synthesis: raw powder
glass in MFI synthesis case study, Mater. Lett. 159 (2015) 233–236.

[19] S.Hd Silva Filho, P. Vinaches, S. Pergher, Caracterizaçao estrutural da perlita
expandida/structural characterization of expanded perlite, Perspectiva
(Erexim) 41 (2017) 81–87.

[20] N. Burriesci, M.L. Crisafulli, N. Giordano, J.C.J. Bart, G. Polizzotti, Hydrothermal
synthesis of zeolites from low-cost natural silica-alumina sources, Zeolites 4
(1984) 384–388.

[21] M. Król, W. Mozgawa, J. Morawska, W. Pichór, Spectroscopic investigation of
hydrothermally synthesized zeolites from expanded perlite, Micropor.
Mesopor. Mater. 196 (2014) 216–222.

[22] D.A. Skoog, Fundamentals of Analytical Chemistry, Thomson-Brooks/Cole,
2004.

[23] T. Carvalho, D. Fungaro, J. Izidoro, Adsorção do corante reativo laranja 16 de
soluções aquosas por zeólita sintética, Quimica Nova. 33 (2010) 358–363.

[24] Baerlocher C, McCusker LB. International Zeolite Association. Database of
Zeolite Structures. http://www.iza-structure.org/databases/2007.

[25] K.A. Lukaszuk, D. Rojo-Gama, S. Oien-Odegaard, A. Lazzarini, G. Berlier, S.
Bordiga, et al., Zeolite morphology and catalyst performance: conversion of
methanol to hydrocarbons over offretite, Catal. Sci. Technol. 7 (2017) 5435–
5447.

[26] E.S. Gomes, G. Lutzweiler, P. Losch, A.V. Silva, C. Bernardon, K. Parkhomenko,
et al., Strategy to design zeolite catalysts in the presence of biomass, Micropor.
Mesopor. Mater. 254 (2017) 28–36.

[27] E. Donoghue, V.R. Troll, C. Harris, A. O’Halloran, T.R. Walter, F.J. Pérez Torrado,
Low-temperature hydrothermal alteration of intra-caldera tuffs, Miocene
Tejeda caldera, Gran Canaria, Canary Islands, J. Volcanol. Geotherm. Res. 176
(2008) 551–564.

http://refhub.elsevier.com/S0167-577X(18)30848-6/h0005
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0005
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0005
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0010
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0010
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0010
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0015
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0015
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0015
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0020
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0020
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0025
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0025
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0030
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0030
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0030
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0035
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0035
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0035
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0040
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0040
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0040
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0045
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0045
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0045
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0050
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0050
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0050
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0055
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0055
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0055
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0055
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0060
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0060
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0060
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0065
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0065
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0065
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0070
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0070
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0075
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0075
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0075
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0080
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0080
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0080
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0085
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0085
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0085
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0090
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0090
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0090
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0095
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0095
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0095
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0100
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0100
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0100
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0105
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0105
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0105
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0110
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0110
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0110
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0115
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0115
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0125
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0125
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0125
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0125
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0130
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0130
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0130
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0135
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0135
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0135
http://refhub.elsevier.com/S0167-577X(18)30848-6/h0135

	Zeolite synthesis in basic media using expanded perlite and its application in Rhodamine B adsorption
	1 Introduction
	2 Experimental
	3 Results and discussions
	4 Conclusions
	Acknowledgments
	References


