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Abstract—Zeolites HB and H/ZSM-11 were syn-
thesized by the crystallization hydrothermal method
(CH), using coal fly ash (CFA). Tetraethylammo-
nium hydroxide (TEAOH), tetrapropylammonium
bromide (TPAB) and tetrapropylammonium hy-
droxide (TPAOH) were used as structure-directing
agents (SDA). The optimum conditions used in the
experimentation were 140 °C and NaOH/CFA ra-
tio=1.2 (wt/wt), during the crystallization hydro-
thermal method (CH), and microwave-assisted heat-
ing (MH) was used in some experiments. The struc-
ture and crystallinity of the synthesized materials
were analyzed by X-ray diffraction, where the for-
mation of the p and ZSM-11 zeolites was confirmed.
The morphology of the obtained zeolites was ob-
served by the scanning electron microscope tech-
nigue. It was observed spheroidal particles for the
ZSM-11 zeolite and ellipsoidal particles for thep
zeolite, respectively. Both zeolites were ion exahge
treated, in order to obtain the protonated form. Ft
nally, the thermal stability and the loss of weightof
the modified B zeolite were determined by using the
termogravimetric and differential thermal analysis
techniques. The modified zeolites were stable in ¢h
range of most gas chemical reactions (300-500 °C).

Keywords —Zeolite H/B; zeolite H/ZSM-11; crys-
tallization hydrothermal method; coal fly ash, struc-
ture-directing agents.

I. INTRODUCTION

arsenic, chromium, lead, mercury, nickel and zinc
(Bridgen and Santillo, 2002). Particulate pollutien
implicated in the worsening of respiratory illnesseich
as asthma, and in the increasing of premature fitgrta
from respiratory and heart diseases (Bridgen and Sa
tillo, 2002).

Recently, intensive efforts were made to promote
the recycling of fly ash through zeolitization. Ziezs
are microporous crystalline aluminosilicates witihee-
dimensional framework structures. Due to the high
thermal and good dimensional stability, they hate a
tracted a particular attention as catalysts in -acid
mediated reactions (Maxwell and Stork, 1991; Corma,
1995). By virtue of their compositional and struetu
peculiarities, zeolites also have many other appbos
in various ion-exchange, adsorption, separatiord an
purification processes (Breck, 1974).

Several groups (Meshraet al, 2000; Rayalet al,
2001; Miyakeet al, 2002; Querokt al, 2002; Parket
al., 2000; Shigemotet al., 1995; Singer and Berkgaut,
1995) around the world have studied the conversion
fly ash into various types of zeolites such as YAXP,
F, KM, etc. However, there are no reports on the- sy
thesis of commercially important high silica zeshtith
three-dimensional 12-membered ring channels uding f
ash as a source material. Using conventional source
materials, high silicg (*BEA) zeolite, with a three-
dimensional 12-membered ring channels, was synthe-
sized for the first time in early 1967 (Wadlingsral,
1967), and its structure was discerned late in 1988

The amount of coal f|y ash (CFA) generated by Coa(Newsam et al., 1988) Crystallization of Z.EOHt@.
based thermal power plants has been increased at(88EA) draws much attention because of its unique
alarming rate throughout the world. The disposal dtharacteristics, in particular, its acidity andeputal for

such a big quantity of fly ash has become an ingport

acid catalysis (Kiricsiet al, 1994; Jone®t al, 1999,

topic. Thus, several new approaches have beeneatiopformaet al, 2002; Prasad Raet al, 1998; Matsukata

to utilize fly ashes not only to reduce the costttud

et al, 2002).

disposal but also to minimize environmental impact. Several factors have influence on the zeolitic frm
Those elements other than calcium detected in Ithe fion when fly ash is used as a source of Al203 and

ashes exhibit a broad range of toxic effects to dman
terrestrial and aquatic life and plants. A numbehese
elements have the potential to bioaccumulate, oty

SiO,; Holler and Wirsching (1985), investigated zeolite
formation after carrying out an alkaline activatioinfly
ash as a function of temperature, solution comjoosit
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and concentration in open and closed systems fay loPARR® Model 4521 of 1 It in volume. Also, it was pos-
activation periods (8-40 days). A fusion with sadiu sible to obtain the zeolite ZSM-11 (MEL), using the
hydroxide prior to hydrothermal reaction has bepn astructure-directing agent, TPAB. Most of the optimu
plied by Shigemotet al. (1992) to improve the conver- experimental conditions used, were selected based o
sion of fly ash into Na-X zeolites. Recent studighin previous works carried out at our laboratory (Medin
et al, 1995; Lin and Hsi, 1995; Singer and Berkgaut2009; De Le6n, 2009). Table 1 shows the optimum ex-
1995; Amrheiret al, 1996) have obtained high Na andperimental conditions used for the zeolite synthesi

K-zeolite synthesis efficiencies after carrying aut The amount of coal fly ash used in the experiments
alkaline activation of fly ash in closed systemsinly was 9.0 g and the amount of NaOH in the mixture was
relatively short activation periods (8-100 h). 10.8 g. The mixture was heated at 600°C for 1 hifk®

The present research is concerned with the systheshse of synthesizing thg zeolite, homogeneous mix-
of zeolite HB (H/BEA) and H/ZSM-11 (H/MEL) from tures with molar composition of 6.5Ma:6.0(TEA)O:
coal fly ash (CFA) and its characterization usiagiaus 30SiQ;: Al;05:840H,0, were prepared by using appro-
techniques, and also deals with the reuse of waate- priate quantities of the fused product, and tefrgam-
rial as coal fly ash (CFA), converting it in actitvép ~ monium hydroxide (TEAOH, 20 wt. %, solution in wa-
and H/ZSM-11 zeolites, employing smaller crystahiz ter).
tion times than those reported in the literaturagire For the case of the ZSM-11 synthesis, it was used t
et al, 2005), with potential use as catalysts for petrgnolar composition of 6.5N®:6.0(TPAB): 30SiQ:
chemical processes. Al,O3: 840H0, and tetrapropylammonium bromide

(TPAB) as SDA, in this case, it was not necessary t
. METHODS adjust the initial pH to 12. When the tetrapropytaoa
nium hydroxide (TPAOH) was used as structure-
irecting agent, the product was an amorphous phase

A. Materials
The coal fly ash (CFA) was obtained from the “Lic,
Jose Lopez Portillo” Thermal Power Station (JLPTPS}, cases, colloidal silica (40 wt. %, suspensin

located in Piedras Negras, Coahuila, México, ameds  \ater) and deionized (DI) water were used. The guan
collected from the eIectrosthc precipitators. tity of fly ash contributes to the 100 %48k (1 mol)
The ®reagents :ljs%dl '.r:. the' experlmeonts WEr8nd 14 % Si® (4.2 moles) of the total moles required
LUDQX . TM-40 co oidal siiica, S.'Q (40 V(\)'t %, SUS™ for the synthesis of high silica zeolitp &nd ZSM-11)
pension in water), sodium hydroxide, 98 % purltgl-p materials (with a Sig8Al,05=30 ratio), therefore, it was

lets (anhydrousz, tetraethylammonium  hydroxide,jyeq 25 8 moles of colloidal silica to complet® 26
(TEAOH) (20 wt. %, solution in water), tetrapropyla ¢ 1141 Siq, (30 moles). After adjusting the pH to 12 +

monium bromide (TPAB), tetrapropylam_monlum _hy'O.Z with concentrated HCI, the reaction mixture was
droxide (TPAOH) (1.0 M) and ammonium chloridegpiacted to crystallization at 140 °C. The timeciys-
(NH.A'CD' All of these reagents were supplied by (5)jization was varied from 4-95 h. The solid protiu
Aldrich and used as received. were recovered by filtration, washed thoroughlyhwit
B. Synthesis deionized (DI) water, and then dried at 100 °C.HBas-
Coal fly ash samples without prior treatment wesecu synthesizedd and ZSM-11 samples were calcined at
to obtain zeolites. The activation of the coal #gh 550 °C for 4 h and then subjected to ion excharsyegu
(CFA) was performed through the fusion method using-.0 M ammonium chloride solution (20 ml/g of solat)
NaOH as activator (Shigemotd al, 1995). The zeolite 90°C during 2 h, this process was repeated twieé. S
syntheses were studied as a function of a readiiom €xcess was washed by deionized water and then afried
(0-95 h), maintaining the NaOH/CFA ratio=1.2 (wfjwt 100 °C overnight. The dried samples were calcirted a
and using tetraethyl ammonium hydroxide (TEAOH) a§50 °C for 3 h to obtain a protonated form (desigda
structure-directing agent (SDA) to obtain the zegl as HB and H/ZSM-11).
(*BEA)O. The (_:rystallization temperature was r_nai_nmi C. Characterization
at 140°C during the hydrothermal crystallizatiomio®, o hroducts were identified by the X-ray powdefr di
in a high pressure stainless steel reactor trademar
Table. 1. Experiments carried out in order to sgathe ZSM-11 anfl zeolites.
Exp. SDA Type Time (h) Temperature (°C) Source of silica and alumina Zeolite

1 TPAB 45 140 Fly ash + silica P

2 TPAOH 41 140 Fly ash + colloidal silica Arpbous

3 TPAOH 4 (1) 140 Fly ash + colloidal silica marphous

4 TPAB 4(1) 140 Fly ash + colloidal silica Anmphous

5 TEAOH 5(f) 140 Fly ash + colloidal silica mbrphous

6 TPAB 40 140 Fly ash + colloidal silica ZSM-1
7(f) TEAOH 20 135 Pure reagents Beta-V

8 TEAOH 95 140 Fly ash + colloidal silica Bdta

9 TEAOH 48 140 Fly ash + colloidal silica B&a

(1) Microwave-assisted heating.
(¥) Formulation from literature (Robson and Lilldy2001).
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Table 2. Chemical composition of the coal fly asiized.

Components Composition (wt. %) A-20h
Sio, 56.70 (@) B-48h
Al0; 23.74 C-95h
Fe0; 5.98
Ca0 3.90 g |\
Na,0 0.41 > Mwlﬂw A
Tio, 1.09 G T ————
K,0 1.49 g
MnO 0.02 -
MgO 0.74 2 kM B
SO 0.66 C‘TE.? e “
Zr0, 0.05
P05 0.05
Sro 0.05 b
Zno 0.02 ioed il ¢

LOI (loss on ignition) 5.06 o 10 20 a0 40 5 6 70 80 90

fraction (XRD) recorded on an Xpert Phillips PW34C 20

diffractometer using Cu-& (A=1.5405 A) radiation.
The crystallinity of thep samples was studied with ref-
erence to a highly crystalling sample, which was con-
sidered to have 100 % crystallinity. The relativestal-
linity of the B samples was determined from the sum ¢ 600
the areas of the peaks fror® 2 20° and 24°, according

(b)

to the method reported by Selvaeh al. (2007). The ;
morphology of the crystalline products was studisd g w0
ing a Phillips XL 30 scanning electron microscope @
(SEM) with conventional sample preparation and ienag 2

techniques. Termogravimetric and differential tharm
analyses were performed on a simultaneous TG-DT 200
(Pyris Diamond, Perkin Elmer). The sample was fkate .

up at a rate of 10°C/min from room temperature t |
ULMMWM"W
P & 0

900°C under nitrogen atmosphere. Element chemic | J;,JJMUN
20

analysis was done by means of the X Ray Fluorescer
(XRF) technique, using a Thermo Electron Corporatio

Spectrophotometer Model S4. 2009
Fig. 1. XRD powder patterns of a verifidBeta-V) (A) and
IIl. RESULTS AND DISCUSSION two B (Beta-1 and Beta-2) (B, C) zeolites (TEAOH/$0.2):

Preliminary experiments were carried out in order ta) 59 n (A), 48 h (B), 95 h (C); and ZSM-11 zeolite
optimize the conditions of the experimentation.eld (TpaB/Si0,=0.2): b) 40 h.

periment 1, it was synthesized a zeolite type B th

product contains low silica and is not adequatediar g x Ray Diffraction (XRD) Analysis

objective. From experiments 2 through 5, the reacti The XRD powder patterns obtained for therified B
product was an amorphous phase. Microwave-assistagjeta_v) (A) and twop (Beta-1 and Beta-2) (B, C)
heating did not enhance the formation of a cryis&ll ICCD ~ 49-0673) zeolites (SKDA,0:=30) as-
phase. Experiment 6 led to the formation of ZSM-1 ynthesized are shown in Fig. 1(a). The XRD patter
zeolite. In experiment 7, it was carried out afedip  Jpiained for the ZSM-11 (ICCD 73-1138) zeolites

formylation (Robson and Lillerud, 2001) in qrder tO(SiOZ/AI203:30) as-synthesized is shown in Fig. 1(b).
obtain a reference sample (Beta-V). In experiméhts *  tho XRD powder patterns df zeolites were com-

and 9, there were synthesized fheeolites (Beta-1 and 5164 with that of the standard zeolite *BEA aseref
Beta-2), using fly ash as raw material. ence sample (verifiel), prepared with pure reagents.
A. Element Chemical Analysis The diffraction peaks are coincident with thosereor
The chemical composition of the coal fly ash was deéponding to the *BEA zeolitic structure. These meak
termined by means of element chemical analysis e well defined, indicating that the sample cdssi$f
using the X Ray Fluorescence (XRF) technique, aied i Z€olite with a high crystallinity (100 %). A well-
shown in Table 2. As can be seen from Tab. 2, ithe fcrystallized3 phase was obtained after 95 h, designated
ash sample can be classified as “Class F” type wifts as-synthesized N[ sodium form). The relative

Si0,, Al,O; and FeO;, as the major constituents andcrystallinity of the Ng§ samples at 95 and 48 h of crys-
content of CaO less than 10 %. tallization time, was 92 % and 32 %, respectivdlye
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crystallinity was determined from the sum of theas

The ion exchange percentage in H/ZSM-11 zeolite

40:323-328(2010)

of the peaks betweer®2= 20-24° by using the Sietron- was 62 %, and in the case offHieolite, it was 94 %.
ics XRD Trace Processing Program, version 3.0. Th&s reference in Fig. 4 is shown a micrograph ofrthe
crystallinity of the ZSM-11 zeolite was not deten@il material utilized known as coal fly ash (CFA).

because the lack of a reference sample. The cleasact

tic peaks for beta zeolite appear at 7°, 22°, 284 a
42.5°, meanwhile for ZSM-11 zeolite appear at 15°
23°, 24°, 30° and 45° ortPscale.

Also, the XRD powder patterns for protonated
H/p and H/ZSM-11 zeolites were obtained as is
shown in Figs. 2(a) and 2(b). No changes were ob-
served in the crystallinity of the structure duethe
post-synthesis treatments, for both zeolites, this
means that such treatments do not affect neither th
former structure of the i/nor the H/ZSM-11 zeo-
lite.

C. Scanning Electron Microscopy (SEM) Micro-
graphs.

The morphologies of the ZSM-11 zeolite, before an
after ion exchange are shown in Figs. 3(a) and, 3(k
respectively. In both cases the particles havphers
oidal form. The morphologies of the zeolite, before
and after ion exchange are shown in Figs. 3(c)3dyl
respectively. In both cases the particles aggeegaith
irregular form. Besides, in the protonated formgski
3(b) and 3(d), both zeolites behave as catalygeino-
chemical reactions, improving the conversion of th
reactants.

The ion exchange percentage (% |. E) was obtaine
by means of Eq. (1), using the Neoncentrations (%
NaO and % Nal, respectively) evaluated with elemel
chemical analysis.

oo, = (7N, — %N
%Na,

()
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Fig. 4. SEM image of the coal fly ash (CFA) utilizas raw
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Temperature (°C)
D. Termogravimetric and Differential Thermal Analy- Without Na*
sis (TG-DTA)
The thermal stability of the Ifi/zeolite was determined 0 100
by using the differential thermal analysis (DTARIF ol \\ ®)
zeolite was thermally stable up to 600 °C. Alsozah oA
be observed that the largest loss of weight ocduoee
tween 30 °C and 100 °C, because of the loss ofilthe
sorbed water, beyond 100 °C until 400 °C, the stnee
directing agent (TEAOH) is removed.

These observations can be visualized in Figs. 5(
and 5(b), respectively. The plzeolites can operate as
catalysts because they remain thermally stableimwith 60
the range of most gas chemical reactions from 3DO ©
up to 500 °C, since no structural changes were 0 ¢ 1m0 w0 w0 oo we 10 s oo
served. Temperature (°C)

Fig. 5. TG-DTA graphs for thg zeolite: a) N and b) Hp
V. CONCLUSIONS forms.
It was possible to obtain a highly crystallifg*BEA)

zeolite from coal fly ash (CFA) by means of an ecogreck, D.W.,Zeolite Molecular Sieveslohn Wiley &
nomical process under hydrothermal conditions at Sons, New York (1974).

140°C and a maximum reaction time of 95 h, with @riggen, K. and D. SantilloGreenpeace Research La-
thermal Stabl'lty at least up to 600°C. This wakiaeed boratories Department of Bi0|ogica| Sciences,
with the presence of a template or structure-dimgct University of Exeter, Exeter, UK. (2002).

agent (SDA), using coal fly ash as raw materiab T corma, A., “Inorganic Solids and their Use in Acid-
ash-based zeolite plcan operate as a potential catalyst Catalyzed Hydrocarbon Reaction$hem. Rey

Fes

@
8
——— Weight change (%)

—— DTA voltage (uV)
8

for industrially important reactions as that of coer- 95, 559-614 (1995).
cial zeolite *BEA. Both structure-direqting agents,corma, A., M. J. Diaz-Cabafas, J. Martinez-Trigpero
TEAOH and TPAB, were the key to obtain the qrystal- F. Rey and J. Rius, “A Large Cavity Zeolite with
lography of the (*BEA) and ZSM-11 (MEL) zeolites, Wide Pore Windows and Potential As an Oil Re-
respectively. fining Catalyst”,Nature 418 514-517 (2002).
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