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ABSTRACT: Lows-silica zeolitic materials like SOD, CAN and JBW crystallized after hydrothermal transformation of kaolinite
in the system Na,0-Al,0.-SiO,-H,0 at 200°C, with or without the addition of a structure-directing agent. The synthesis products
were characterized by XRD, SEM, FTIR, #Si and Al MAS-NMR and TGA. After dissolution of kaolinite in alkaline medium, co-
crystallization of SOD and CAN, likely via a metastable LTA intermediate, was followed by a transformation to JBW-type structure.
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RESUMEN: Materiales zeoliticos bajos en silice como SOD, CAN y JBW cristalizaron después de la reaccion hidrotérmica de caolinitaenel
sistemaNa,0-Al,0,-Si0,-H,0a200°C, con osinadicion de unagente director de estructura. Los productos de lasintesis fueron caracterizados
por DRX, MEB, espectroscopiaFTIR, 2°Si-y2’Al-RMN y TGA. Después de ladisolucién de lacaolinitaen medioalcalino, co-cristalizaron SOD
y CAN, probablemente a partir de una fase intermedia metastable (LTA), lo cual fue seguido por una transformacion a la estructura tipo JBW.

PALABRAS CLAVE: Materiales zeoliticos bajos en silice como, hidrotérmica, sintesis, caolinita, disolucién

1. INTRODUCTION

Zeolites are crystalline aluminosilicates of the alkaline
or alkaline earth metals with three-dimensional
frameworks composed of [SiO,]* and [AIO,]>
tetrahedral that corner-share to form different open
structures. The zeolite structures only contain (-Si-O-
Al-) linkages when the Al:Si ratio is exactly 1.0 and the
Loewenstein rule is obeyed. They form uniform pores
in the nanometer range and enclose regular internal
channels and cavities of discrete sizes and shapes.

Low-silica zeolites (LSZs) with Al/Si ratio of 1:1
like zeolite A (LTA), sodalite (SOD), zeolite P (GIS),
zeolite X (FAU) and Nepheline Hydrate | (JBW) are
relatively rare [1]. These zeolites exhibit the highest
ion exchange capacity and have important industrial
applications. They are used as adsorbents or substitute

for conventional phosphatic builder, viz. sodium
tripolyphosphate (STP), which is well known to
cause eutrophiction. However, their preparation from
chemical sources of silica and alumina is expensive
and, therefore, their use in environmental remediation
is restricted due to prohibitive costs, which can be
overcome by seeking low-cost raw materials like
kaolinite for inexpensive zeolite synthesis. The
conversion of kaolinite to metakaolinite by heating
above the dehydroxylation temperature activates
the clay [2-3] and the reactivity of metakaolinite
varies with the thermal treatment [4], affecting the
zeolitization process as discussed by several authors [5-
11]. Kaolinite can be used for LSZs synthesis because
SiO, and AL O, contents are similar to each other.

The alkaline hydrothermal transformation of kaolinite
and metakaolinite to zeolites is well known, with

Dyna, year 78, Nro. 166, pp. 38-47. Medellin, April, 2011. ISSN 0012-7353



Dyna 166, 2011 39

zeolite LTA as the most common synthesis product
[3]. Zeolite X is another important product, which
can be prepared from kaolinite usually with additional
silica sources [12-13]. Low-silica X (LSX) zeolite
is much more difficult to prepare, requiring careful
control during the synthesis conditions [7, 9, 14-15].
Sodalite (SOD) and zeolite P (GIS) can be prepared
as well [6, 9]. Buhl et al. [16-17] synthesized nitrate
cancrinite (CAN) from kaolin under hydrothermal
conditions at 80°C. Some zeolites with higher Si/
Al ratio, such as mordenite, ZSM-5, and NaY have
been prepared by using kaolin and additional silica
sources as starting materials [18]. The LSZs synthesis
has been widely researched at temperatures less than
100°C. However, there are few studies on zeolite
synthesis from kaolin under higher temperatures.
Hackbarth et al. [19] prepared carbonate cancrinite
from kaolin in NaOH medium at the temperature
of 200°C, while a disordered intermediate phase
between the CAN and SOD structure was obtained
at the lower reaction temperature of 80°C. However,
according to Coombs et al. [20], CAN and SOD are
feldspathoids with a three-dimensional aluminosilicate
host framework. They have structural similarities,
since their aluminosilicate layers of six-membered
rings are identical to each other, and the structures
only differ in the stacking sequences of these layers
[21]. CAN [Na,AlSi.O,,(NO,),] has a hexagonal
framework which contains small e-cages made of
six-membered rings and large channels consisting of
12-membered rings, which can incorporate cations
such as Na*, K* and Ca?*, as well as inorganic anions
such as COSZ', OH-and NO, and water molecules [22-
24]. According to Zhao et al. [25], the 12-membered
channel in CAN might be easier to access than the
e-cage. SOD, [Na,AlSiO,,(NO,)], has a cubic
framework contains only B-cages (or "sodalite"
cages) made up of 6-membered rings, and each cage
contains water molecules or cation/anion pairs [24].
The shape of B-cages is a truncated octahedron. In
general, these materials, as most zeolites, display fully
open structures with pores directly connected by large
channels separated by relatively thin aluminosilicate
walls and small molecules [1, 26]. On the other hand,
zeolite JBW is unusual, taking into account that a
zeolitic portion of the structure is separated from the
next by a layer of the cristobalite structure containing
non-hydrated cations [27].

Healey and co-workers [1, 28] synthesized pure
aluminosilicate JBW after hydrothermal treatment
of kaolin in a mixture solution of NaOH and KOH

at 225°C and Na/Rb-AlGe-JBW from a mixture of
sodium and rubidium-containing reagent at 225°C.
Shimizu and Hamada [29] synthesized large crystals
with a JBW framework and other zeolites from a
ceramic tube as an aluminosilicate source by a bulk
material dissolution technique. Tripathia and Parise
[30] prepared aluminogermanate analogues of JBW
(Na—AlGe-JBW) in the reactant containing tetramethyl
ammonium hydroxide (TMAOH) at 140°C. Lin et
al. [31] investigated the hydrothermal synthesis of
zeolite SOD, CAN and JBW with metakaolinite as
the raw material at 200°C. Preliminary experimental
work by Rios [44] reveals the formation of a JBW-
type structure from metakaolinite using precipitated
SiO,. Rios et al. [32] synthesized several kaolinite-
based zeotypes, including a nearly pure JBW-type
structure using NaOH solutions and triethylamine
(TEA) as a structure-directing agent (SDA) at 200°C.
Wei et al. [33] reported for the first time the synthesis
of JBW-type zeolites with aerosil and aluminium
triisopropoxide as starting materials in a sodium
hydroxide medium, in which phenol was used as an
organic solvent. The JBW-type structure is one of
the lesser-studied zeolites, which was first reported
by Barrer and White [34]. According to Healey et
al. [1], a subsequent work referred to this zeotype
inappropriately as Nepheline Hydrate | and its crystal
structure was solved partially in 1982 by Hansen and
Falth [35]. The JBW-type structure is unusual because
one part of its structure is separated from the next by
what is effectively a layer of the cristabolite structure
containing non hydrated cations [35]. According to
Weller [26], the existence of this semi-condensed
block helps to stabilizes higher aluminium contents
and the JBW structure is invariably found for an
Al/Si ratio of 1:1. The structure was found to be
orthorhombic with cell parameters a = 16.426(1)A, b
=15.014(5)A and ¢ = 5.224(5)A, crystallizing in the
Pna21 space group [1]. According to Weller [26], the
JBW-type structure represents a true hybrid-layered
oxide/zeolite structure with alternating channels and
condensed non-hydrated oxide blocks. This material
obviously has structural relationships with pillared
clays [36] and the layered complex metal oxides of
the type CsNbTi,O, [37].

In this work, we investigate the hydrothermal
transformation of kaolinite into a JBW-type structure at
200°C. We also investigate the effect of the use of TEA
as an SDA for zeolite synthesis, taking into account
that many types of high-silica zeolites (HSZs) can
be synthesized under hydrothermal conditions using
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excess water and employing quaternary ammonium
salts, amines or other organic substances as an SDA.

2. EXPERIMENTAL PROCEDURE
2.1 Materials

The starting material used in this work was a well
crystallized, fine grained kaolinite (< 2 pm) from St.
Austell (UK), which is distributed under the name
Supreme Powder, supplied by English China Clay.
Other reagents used in the activation of kaolinite were:
sodium hydroxide, NaOH, as pellets (99%, Aldrich
Chemical Company, Inc.); TEA (triethanolamine -
99%, BDH Laboratory Supplies) and distilled water
using standard purification methods.

2.2 Kaolinite-based synthesis of low-silica zeolites
(KSLSZs)

Zeolite synthesis was carried out by hydrothermal
conversion of kaolinite (silica and alumina source)
in alkaline medium. A calculated amount of alkali
hydroxide pellets was added to distilled water in
reaction plastic beakers (150-250 ml) to prepare
1.33M and 3.99M NaOH solutions; kaolinite was
then mixed with the alkaline solutions to produce
a reaction gel with a specific molar composition.
To evaluate the influence of SDA, we carried out
hydrothermal treatments with an alkaline medium with
the addition of a calculated amount of SDA to explore
the opportunity of obtaining different zeolitic products.
The progressive addition of reagents was carried
out under stirring conditions until they dissolved to
homogenize the reaction gels. The crystallization was
carried out by hydrothermal synthesis under static
conditions in PTFE vessels (Cowie Technology Ltd) of
65 ml at 100°C and 20 ml stainless steel autoclaves at
200°C for different reaction times. Once the activation
time was reached, the reactors were removed from
the oven and quenched in cold water to stop the
reaction. After hydrothermal treatment, the reaction
mixtures were filtered and washed with distilled
water to remove excess alkali until the pH of the
filtrate became neutral. Then, the samples were oven
dried at 80°C overnight. Hydrogel pH was measured
before and after hydrothermal treatment. The dried
samples were weighted and kept in plastic bags for
characterization. Table 1 presents the experimental
conditions used for zeolite synthesis.

Rios et al

Table 1. Synthesis conditions for transformation of
kaolinite into SOD-, CAN- and JBW-type structures

Molar composition of the
reaction gel

Test
No.

Hydrothermal reaction
t{h)
8

As-synthesized zeolitic
products

100
100
100
o
]
20
o
w0

LTA, SOD, CAN
LTA, 50D, CAN
LTA, SO0, CAN
500, CAN, JEW
500, CAN, JEW
SO0, CAN, JBW
50D, CAN
50D, CAM
500, CAN, JBW
500, CAN
500, CAN, JEW
500, CAN, JEW
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2.3 Characterization of the raw material and
synthesis products

The chemical composition of the raw material was
investigated by XRF in a Shimazu EDX 800 HS XRF
spectrometer. The quantification of the elements was
carried out using the method of fundamental parameters
(FP) with the software DXP-700E Version 1.00 Rel.
014. X-ray diffraction (XRD) on untreated kaolinite
and synthesis products was performed with a Philips
PW1710 diffractometer operating in Bragg-Brentano
geometry using secondary graphite monochromated Cu-
Ko radiation (40 kV and 40 mA). Data collection was
carried out in the 26 range 3-50°, with a step size of 0.02°,
adivergentslit of 1.0°, and a dwell time of 2 s. Crystalline
phases were identified using the ICDD-JCPDS powder
diffraction database. The relative intensity yields were
obtained from normalized XRD intensities of the major
reflection for each material. The morphology of the
synthesis products was examined by scanning electron
microscopy (SEM) in a ZEISS EVO50 scanning electron
microscope and the chemical composition of mineral
phases was studied using the EDXS mode, under the
following analytical conditions: | probe 1 nA, EHT =
20.00 kV, beam current 100 pA, Signal A= SE1, WD =
8.0 mm. Fourier transform infrared (FT-IR) spectroscopy
was carried out by using a Mattson Genesis 1l FT-IR
spectrometer in the 4000-400 cm™ region. However,
we discuss only the 1200-400 cm region, because it is
where the spectra showed remarkable changes. Solid-
state magic angle spinning nuclear magnetic resonance
(MAS-NMR) spectra for #Si and ?’Al, respectively,
were collected at room temperature on a Varian Unity
INOVA spectrometer under the following analytical
conditions: MAS probe 7.5 and 4.0 mm; frequency 59.6
and 78.1 MHz; spectral width 29,996.3 and 100,000.0
Hz; acquisition time 30 and 10 ps; recycle time 120 and
0.5's; number of repetitions 15 and 2200; spinning rate
5040 and 14,000 Hz; pulse angle (DP) 90.0 and 18.9°.
The chemical shifts were referenced to tetramethylsilane
(TMS) for #Si and 1 M AICI, agueous solution for /Al
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Thermogravimetric analyses were performed on a Mettler
Toledo TG 50 thermobalance. Samples ~ 15-20 mg were

heated under nitrogen gas flow (20 ml/min) between 25-
700°C at a rate of 20°C/min.

3. RESULTS AND DISCUSSION
3.1 Raw material

Kaolinite, Al,SiO,(OH),, is a mineral species with a specific
composition (Siozz 46.55%; AIZO3= 39.50%; H,0 =
13.96%). The material used in this research is a kaolinite-
rich product with some impurities such as illite, muscovite,
and halloysite identified by XRD (Figure 1).

o
o
X

Intensity (arbitrary units)

5 10 15 20 25 30 35 40 45 50
°20(CuKa)
Figure 1. X-ray diffraction pattern of the kaolinite-rich
raw material and its SEM image. Kao, Kaolinite; Ili,
illite; Ms, muscovite; Hal, halloysite

Kaolinite can be recognized by its platy morphology
and hexagonal outlines, with small, well-formed
hexagonal plates loosely packed, defining an
orientation. Rocks that are rich in kaolinite are known
as china clays or kaolin. The chemical composition
of kaolinite was 46.44% SiO,, 38.80% ALO,, TiO,
0.03%, Fe,0, 0.52%, MgO <0.08%, Na,0 <0.33%,
K,0O 0.69 and LOI 15.35%, with a SiO,/ALO, = 1.2.

3.2 Synthesis products

3.2.1 XRD analysis

The XRD patterns of unreacted and reacted kaolinite
treated with 3.99M NaOH solutions for various reaction
periods are presented in Figure 2. The hydrothermal
treatment of kaolinite under these experimental
conditions resulted in the co-crystallization of SOD
and CAN, along with metastable LTA. According
to Rios [38], a higher NaOH concentration in the
synthesis solution leads to faster dissolution of the
original kaolinite, accompanied by more crystalline

zeolitic materials, as shown by an increase of the
relative intensity of the XRD peaks of SOD and CAN.
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Figure 2. X-ray diffraction patterns of synthesis products
after reaction of kaolinite at 100°C for several times (tests
1-3, Table 1)

The activation of kaolinite at a higher temperature
promoted the co-crystallization of the JBW-type structure
of high intensity peaks with traces of SOD and CAN
(Figure 3). Lin et al. [31] concluded that the reaction at
higher temperature is advantageous for the synthesis of
JBW. No interesting changes were observed using TEA at
low temperature (results not shown). However, the use of
SDA at high temperature (Figures 4 and 5) reveals clear
evidence of a phase transformation SOD+CAN — JBW,
as shown by the co-crystallization of SOD and CAN at
shorter reaction times (6 h), followed by the formation of
the JBW, as a main crystalline phase, at longer reaction
times (24-48 h). However, the final synthesis products are
composed by a mixture of SOD, CAN, and JBW, similar
to what is observed in Figure 3.

JBW

Intensity (arbitrary units)

°26(CuKo)

Figure 3. X-ray diffraction patterns of synthesis products
after reaction of kaolinite at 200°C for several times (tests
4-6, Table 1)
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Figure 4. X-ray diffraction patterns of synthesis products
after reaction of kaolinite at 200°C for several times,
using TEA as an SDA (tests 7-9, Table 1)

In general, at high temperature, the raw kaolinite was
quickly dissolved; the crystallinity of the kaolinite-
based feldspathoids showed a constant behaviour,
except using a high NaOH concentration and adding
TEA, which promoted a decrease in the crystallinity
of SOD and CAN at longer reaction times. On the
other hand, the crystallinity grade of the JBW-type
structure increased using a high NaOH concentration
and longer reaction times.

Intensity (arbitrary units)

5 10 15 20 25 30 a5 40 45 50
“20(CuKa)

Figure 5. X-ray diffraction patterns of synthesis products
after reaction of kaolinite at 200°C for several times,
using TEA as a SDA (tests 10-12, Table 1)

3.2.2 SEM analysis

SEM images (Figure 6) illustrate the occurrence
of the as-synthesized zeolitic products obtained
after activation of kaolinite, revealing a change
in morphology of the original surface of the platy
particles of kaolinite.

= 1.3 NaOH solution +TEA - 200°C 1 43 h = 300 NaOH solution « TEA - 200°C 148 1
E——

Figure 6. SEM images showing several synthesis prod-
ucts obtained by hydrothermal treatment of kaolinite in
the presence of NaOH

A transformation of SOD into CAN is illustrated in
Figure 6a. SOD shows a wedge-shaped blade mor-
phology whereas CAN occurs as lepispheres com-
posed of intergrown thin disks. The phase transfor-
mation SOD — CAN has been reported elsewhere
[37-40]. These morphological features are consistent
with the mixture of LTA, SOD and CAN observed
in the XRD patterns. Characteristic long prismatic
lath-like crystals of JBW, with pseudohexagonal
cross sections, are illustrated in Figure 6b. Similar
morphologies were observed by Wei et al. [33] in
JBW-type zeolite obtained by phenol solvothermal
synthesis. A JBW crystal with a tubular morphol-
ogy associated to lepispheric aggregates of CAN is
observed in Figure 6¢. Healey et al. [28] reported
similar tubular morphologies in aluminogermanate
possessing the zeolite JBW framework topology.
Prismatic lath-like and tubular crystals of JBW, with
pseudohexagonal cross  sections, are illustrated
in Figure 6d.

3.2.3 FT-IR analysis

The FT-IR spectra of the original kaolinite and
as-synthesized products obtained after its hy-
drothermal treatment with alkaline solutions are
shown in Figure 7.

The characteristic OH-stretching vibrations at 3687
cm-t (surface OH stretching) and 3619 cm (inner OH
stretching), as well as the bands at 1116, 1031, 1008,
938 (surface OH bending), 913 (inner OH bending),
797, 790, and 754 cm?, in kaolinite disappeared with
reaction time. In general, the characteristic bands of
kaolinite shift of transmittance to lower wavenumbers
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Figure 7. FTIR spectra of unreacted and reacted kaolinite
with NaOH solutions

indicates that there are more Al substitution in
tetrahedral sites of the silica framework with NaOH

acting as a structure modifier as reported in other
studies [41-43].

The absorption bands of the synthesis products at
low temperature show the asymmetric and symmetric
vibration bands characteristic of a mixture of LTA
zeolite, SOD, and CAN in the region 1200-400
cm. Barnes et al. [38] summarized the reported
assignments of vibrations for SOD and CAN in this
range. Coincident with the disappearance of kaolinite,
characteristic zeolite bands appeared on the spectra,
including the asymmetric Al-O stretch located in the
region of 1250-950 cm, and their symmetric Al-O
stretch located in the region of 770-660 cm™. The
region 1200-850 cm*shows a single vibration band
centred at 960-965 cm-!, associated with the presence
of CAN. The transmittance of the asymmetric stretch
of the Si-O-Al in the SOD framework consists of a
single band at 980 cm, which split into four bands
at 1110, 1050, 1020, and 960 cm assigned to CAN
[38]. However, this study reports only the bands at
975 and 960-965 cm, corresponding to SOD and
CAN, respectively. The region 850-750 cm™ reveals
a weak vibration band at 766-768 cm*, characteristic
of CAN. Several bands in the region 750-650 cm™
indicate the presence of a mixture of SOD and CAN
in the as-synthesized products

The bands in the region 650-500 cm are related to
the presence of the double rings (D4R and D6R) in
the framework structures of the zeolitic materials [2].
In this region, three characteristic vibration bands are
reported for the first time, which can be attributed to
the presence of six-rings of the dehydrated region and
eight-rings of the hydrated section of the JBW zeolite.
The bands in the region 500-420 cm* are related to
internal  tetrahedron vibrations of Si-O and Al-O of
the synthetic zeolites. The region 800-400 cm* can be
considered as the ‘fingerprint’ region not only for
LTA zeolite, SOD, and CAN as suggested in previous
studies [38,42] but also for JBW zeolite.

3.2.4 #Sj and Al MAS-NMR

The structural unit of kaolinite consists of a Si-O
tetrahedral sheet and an Al-O(OH) octahedral sheet.
Figure 8 shows the 2°Si and Al MAS-NMR spectra
of the raw kaolinite and as-synthesized JBW.
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Figure 8. #Si and Al NMR spectra of the (a) raw
kaolinite and (b) JBW-type structure (treated kaolinite in
3.99 M NaOH solutions — 200 °C / 166 h)

The #Si MAS-NMR spectrum of kaolinite (Figure 8a)
shows two signals at -90.9 and -91.4 ppm attributed
to the existence of two different but equally populated
silicon sites. Two resonance peaks at -85.8 and -87.9
ppm (Figure 8b) were observed for JBW. Similar
results have been reported by Healey etal. [1] and Lin
et al. [31] to confirm the characteristic framework of
the JBW-type structure. They attributed the smaller of
the two peaks (at 85.8 ppm) to Si(1), whereas other
two chemically similar silicon atoms, Si(2) and Si(3),
lead to the larger of the two peaks (at 87.9 ppm). The
Al MAS-NMR spectrum of the unreacted kaolinite
(Figure 8a) consists of a single resonance at -3.4 ppm
and is largely octahedral Al. A single resonance at
56.8 ppm (Figure 8b) can be assigned to tetrahedral
Al in the framework of JBW. The transformation
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of kaolinite into JBW resulted in a shift of Al from
octahedral to tetrahedral coordination, which is likely
due to the dissolution of kaolinite and the subsequent
precipitation of a JBW-type structure. The amount
of Al(6) is greatest in kaolinite where the initial Al
concentration was larger compared with that in the
synthesis product. The decrease in the Al(6)/Al(4)
ratio can be explained by the dissolution of kaolinite,
with Al coordination changing from octahedral to
tetrahedral, which is consistent with the formation
of JBW.

3.2.5 TG analysis

DTG curves of KSLSZs are shown in Figure 9. The
as-synthesized products show up to four dehydration
steps. The position of these DTG peaks and the
number of dehydration steps can be attributed to the
different compensating cation-water binding energies
as well as to the different energy associated with the
diffusion of the desorbed water through the porous
structure of the as-synthesized products; their weight
loss percentages reflects the water loss from the
zeolite structure, and the amount of desorbed water is
related with the number of compensation cations in the
framework of the zeolite (Covarrubias et al., 2006).
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Figure 9. DTG curves from 25 to 700 °C of the
synthesis products obtained from the kaolinite-rich raw
material; (a), (b), (c) and (d) refer to tests 3, 6, 9 and 12,

respectively, in Table 1

The peaks observed between 46 and 59 °C correspond
to surface water in zeolitic materials; the peaks
observed between 107 and 155 °C indicate zeolitic
water, although in some cases in this range of
temperature up to two peaks occur, which can be
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explained by the heterogeneous nature of the as-
synthesized products. There are also some peaks in
the range of temperature 216-244 °C. The peaks at
223 and 244 °C are related to the vaporizing of TEA.
However, sometimes these peaks are broad, which
indicate that water and TEA are coming out from the
zeolite. The as-synthesized zeolitic products obtained
after hydrothermal transformation of kaolinite in
solutions of 3.99M NaOH at 100 °C for 120 h display
the highest weight loss (13.02%), which indicates that
these products have a higher amount of water. The
lowest weight loss (8.10%) was obtained for zeolitic
materials formed after the reaction of kaolinite in
solutions of 3.99M NaOH + TEA at 200 °C for 48 h.

3.3 Crystallization of JIBW-type zeolite

Table 1 lists the compositions in the reacting mixture
in the autoclave for zeolite synthesis. In the absence
of SDA in the gel, the crystallization of zeolites
showed different synthesis products, according
to the temperature of reaction. A mixture of LTA
zeolite, SOD, and CAN was obtained at 100 °C, as
demonstrated by XRD patterns shown in Figure 2. On
the other hand, SOD, CAN, and JBW crystallized at
200 °C (Figure 3). These results indicate that TEA is
not necessary for crystallization of JBW-type zeolite
from TEA-free hydrogels. The formation of these
zeolitic materials is in agreement with the previous
study by Rios et al. [32], which suggest that SOD- and
CAN-type structures are the main zeolitic phases at
shorter reaction times (6 h), whereas JBW was formed
from hydrogels at longer reaction times (24-48 h). To
research the effect of using SDAs, the hydrothermal
synthesis using TEA was conducted (Figures 4 and 5).
These results were supported by the fact that the Na,O/
Al,O, ratio controlled the degree of crystallinity of the
JBW-type structure and TEA worked as an SDA on
the crystallization of this zeolite in the hydrothermal
synthesis method. Lin et al. [31] studied the influence
of the molar ratios of Na,O/Al,O, and H,0/Na,0O
in the reactant on the crystallization of JBW-type
structures, with LTA and JBW zeolites at lower and
higher Na,O/Al,Q, ratios, respectively. According to
these authors, by increasing the ratio of Na,O/ALQO,
(1.45-1.94), JBW zeolite crystallizes. On the other
hand, in the reactant system with the same ratio of
Na,O/ALO,, the crystallinity of the zeolite decreased
by increasing the ratio of H,O0/Na,0 from 14.4 to
21.3. However, our results indicate that this zeolite
can form using molar ratios of Na,O/Al,O, and H,O/
Na,O of 1-3 and 29.4-86.3, respectively. As described
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above, TEA is not essential for the crystallization
of the JBW-type structure using this method in the
system Na,O-SiO,-AlLO,-H,0, with no crystallization
of JBW zeolite at shorter reaction times, which is
in agreement with results obtained by Rios [44],
who tested several SDAs during the transformation
of kaolinite by hydrothermal treatment in alkaline
solutions under different experimental conditions
without any interesting differences in zeolitic phases
and crystallinity. To optimize the synthesis process
when adding organic templates to the chemical system
does not mean that their effect as structure-directing
and pore-filling agents would be successful and
therefore this should be sufficiently demonstrated. The
hydrogels with a lower Na,O/Al O, ratio yielded JBW
zeolite more slowly than those with a higher Na,O/
Al,O, ratio, as demonstrated by XRD patterns shown
in Figures 4 and 5, respectively. Authors consider that
SDAs have not shown any important effect on this
system. Therefore, it is assumed that the concentration
of the alkaline activating solution would control the
first appearance of JBW zeolite and its crystallinity.

4. CONCLUSIONS

KSLSZs such as SOD, CAN, and JBW were
successfully synthesized from kaolinite in the system
NaZO—AIZOS—SiOZ—HZO at 200°C, with or without
the addition of TEA as an SDA. There were two
major chemical processes involved in the reaction
between kaolinite and the alkaline medium: the
dissolution of kaolinite followed by the formation
of zeolitic materials. SDAs play an important role in
the crystallization of zeolitic materials. A sequence of
transformation SOD — CAN — JBW is

proposed in this study. Although the use of anionic
surfactants (which are SDAs) for the synthesis of
zeolites was strongly desired, results demonstrate
that the preparation of zeolites from the kaolinite-rich
product used in this study using an anionic surfactant
such as TEAwas unsuccessful, taking into account that
TEA was not encapsulated in the pore channels of the
as-synthesized JBW zeolite. Therefore, it seems that
this SDA has a negligible or even slightly negative
effect on JBW zeolite formation.
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