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Abstract

The synthesis of faujasite from fly ash and its application for hydrocracking catalyst of heavy petroleum
distillates have been performed. Faujasite was synthesized from fly ash by hydrothermal reaction in alka-
line solution via combination of reflux pretreatment of fly ash with HCI and fusion with NaOH. The prepa-
ration of nickel containing catalysts by ion exchange method under similar initial concentration of nickel
resulted higher amount of nickel loaded on faujasite than those on zeolite Y, however, the structural dam-
age of faujasite was higher than those of zeolite Y. In the hydrocracking of heavy petroleum distillates over
Ni-faujasite and Ni-zeolite Y catalysts, the conversion of heavy gas oil fraction was the most pronounced.
The selectivity toward hydrocarbons in the range of gasoline and kerosene obtained over Ni-faujasite cata-
lyst was lower compared to those of Ni-zeolite Y reference catalyst. © 2007 CREC UNDIP. All rights re-

served.
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Introduction

Recently, many researchers showed that vari-
ous types of zeolites could be produced from fly ash
by hydrothermal reaction in alkaline solution. Al-
though zeolites have been synthesized from fly ash,
most previous studies, however, showed that the
final products were generally a mixture of zeolite
materials, such as zeolite P, zeolite A, faujasite,
analcime, and hydroxysodalite (Lin and Hsi, 1995;
Singer and Berkgaut, 1995; Amrhein et al., 1996;
Shih and Chang, 1996; Querol et al., 1997). Since
the zeolite materials obtained from fly ash usually
contain undesired impurity phases, therefore, ef-
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forts to achieve the single-phase (selective) zeolites
are very important. Attempts to convert fly ash
into selective zeolite have been done using many
pretreatments before hydrothermal reaction such
as fusion with NaOH (Shigemoto et al., 1993;
Chang and Shih, 2000; Sutarno et al., 2000) as well
as ageing and seeding (Zhao et al., 1997; Sutarno et
al., 2001).

By fusion with sodium hydroxide, most of the
fly ash particles were converted into sodium salts
such as silicate and aluminate, from which hydro-
thermal reaction without stirring favorably re-
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sulted in the formation of faujasite with crystal-
linity as high as 62% of commercial zeolite X
(Shigemoto et al., 1993). Although this method
can selectively produce faujasite type zeolite
(zeolite X), however, it was clear that the crystal-
linity of the product was not high enough. Based
on the Shigemoto’s method, Chang and Shih
(2000) have developed a general method for con-
version of different fly ashes with a wide range of
chemical compositions into zeolites as ion ex-
changers by separating the supernatant from the
sediment of fused fly ash solution. It was found
that the supernatant of the dissolved fused fly
ash solution could produce purer faujasite. The
improved result that containing 83.1% of commer-
cial zeolite X was probably related to the fact that
unreacted fly ash has been separated from the
supernatant. Previously, zeolite were precipitated
within the fly ash solutions and mixed with the
fly ash therefore it was difficult to separate the
precipitated zeolites from the unreacted fly ash.
The formation of zeolites from the supernatant of
the fused fly ash solution demonstrated that zeo-
lites could be separated from unreacted fly ash.
Although selective faujasite has been synthesized
by fusion as well as seeding and ageing pretreat-
ments, however, the results still showed rela-
tively low crystallinity for fusion method and
showed an impurity phase like mullite for seeding
and ageing method. Therefore, attempts to con-
vert fly ash into faujasite both without any impu-
rities of other zeolite phases and initial phases as
well as having higher crystallinity are still clearly
challenging. In addition, the resulted faujasite
are expected to be used for catalytic application.
For catalytic application, the zeolite with higher
Si/Al mol ratio showed a higher thermal stability,
therefore the resulted faujasite should have a
higher Si/Al mol ratio (silicon rich-faujasite or
zeolite Y, S1/Al mol ratio=1.5-3.5).

In this investigation, synthesis of faujasite-
type zeolite from fly ash was conducted by hydro-
thermal reaction in alkaline solution via combina-
tion of reflux with HCl and fusion with NaOH.
Reflux pretreatment with HCl was performed not
only to increase the Si/Al mol ratio but also to de-
crease the metal impurities in the fly ash sample
(Susilowati et al., 2000).

Materials and Methods

Synthesis of faujasite from fly ash

The fly ash sample was taken from Suralaya
Power Plant, Serang-Banten, Indonesia. Other
chemicals used in this investigation were NaOH
pellets (Merck), HC1 37% (Merck), and distilled
water (laboratory made).

A mixture of 10 g of fly ash sample and 100
mL of HCl was refluxed at 90°C for 1 hour with
magnetically stirring. The solid was repeatedly
washed with water and dried at 100°C overnight.
The refluxed-fly ash was added with NaOH pellets,
milled, and subsequently heated in a nickel cruci-
ble at 550°C for 1 hour. The resultant fused-
refluxed-fly ash was cooled to room temperature,
milled again, and then stirred magnetically in a
Teflon beaker with 100 mL water overnight. The
slurry was heated in stainless steel autoclave with
Teflon beaker inside under autogenous pressure at
100°C for 72 hours without any stirring. After cool-
ing to room temperature, the resulting solid prod-
uct was recovered by filtration on a Buchner fun-
nel, washed repeatedly with water and dried in an
oven at 100°C overnight.
The chemical composition of the fly ash, the fly ash
after reflux pretreatment (refluxed-fly ash), and
the zeolites obtained were determined by chemical
analysis. Silicon and aluminum were measured by
UV-Vis spectrometer (Hitachi 150-20 UV-Visible)
whereas Fe, Ca, K and Na were measured by
atomic absorption spectrometer (Nippon Jarrel Ash
AA782). X-ray diffraction (XRD) patterns were ob-
tain by powder method using Ni-filtered CuKa ra-
diation at 40 kV and 30 mA with scanning speed of
4o/minute (Shimadzu XRD-6000). Samples were
normally scanned in the 26 range of 5 to 40°. Nitro-
gen adsorption measurements were performed on a
NOVA 1200 microanalyzer (QUANTACHROME)
at liquid nitrogen temperature. The sample was
normally outgassed at 200°C for at least 4 hours
under vacuum (104 torr). The sample was then
subjected to automatic analysis.

Catalytic applications for hydrocracking of
petroleum distillates

The Ni-containing faujasite from fly ash and
zeolite NaY (as reference) were prepared by ion
exchange using Ni(NOs)2 solutions. A mixture of 5
g of zeolites sample (faujasite from fly ash or zeo-
lite NaY) and 100 mL of Ni solution was heated at
55°C and rotated for 24 hours. The resulting solid
product was recovered by filtration on a Buchner
funnel, washed repeatedly with water and dried in
an oven at 100°C overnight. The amount of Ni
loaded on the zeolite structure was measured by
atomic absorption spectrometer (Perkin Elmer
3110). The Ni-containing zeolite was then calcined
at 450°C for 5 hours with Ns flow of 150 mI/minute
followed by oxidation at 450°C for 5 hours with Oz
flow of 150 mL/minute and reduction at 450°C for 5
hours with Hz flow of 150 mL/minute. The influ-
ence of the amount of Ni loaded on the crystallinity
of the zeolite structure was measured by X-ray dif-
fractometer (Shimadzu XD-3H, Shimadzu XRD-
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6000).

Catalytic studies were carried out for hydrocrack-
ing of heavy petroleum distillates. Approximately 2
g catalyst and 4 g heavy petroleum distillates of
200-300°C which were distilled from Minas crude
oil were charged for each experiment. Hydrocrack-
ing was conducted at 320°C for 45 minutes with Hs
flow of 150 mL/minute. Heavy petroleum distillates
as feed and liquid products were then analyzed by
gas chromatography (Shimadzu GCMS QP-5000,
Shimadzu GC-17A). In comparison, the similar hy-
drocracking was also conducted over thermal and
fly ash hydrocracking.

Results and Discussion

Synthesis of faujasite from fly ash

The faujasite obtained was designed for catalytic
application; therefore, the faujasite obtained not
only have to show a higher thermal stability but
also the presence of metal impurities in the fau-
jasite should be controlled. According to Susilowati
et al. (2000), reflux with HCI was an effective pre-
treatment to increase Si/Al mol ratio and to de-
crease metal impurities in the fly ash. In this in-
vestigation, pretreatment was conducted by reflux
with HCI followed by fusion with NaOH. Figure 1
showed the XRD pattern of the zeolite obtained for
hydrothermal time of 72 hours via combination of
reflux with various HCI concentrations and fusion
with various NaOH/fly ash weight ratio.

Synthesis of faujasite from fly ash via combi-
nation of reflux with HCI and fusion with NaOH

Commercial
Zeolite Na-Y

Degrees 2-Theta

Figure 1. XRD pattern of the zeolite obtained for
hydrothermal time of 72 hours via combination of
reflux with various HCI concentrations and fusion
with NaOH/fly ash weight ratio of 1.2

pretreatment has resulted faujasite selectively
(Figure 1 and 2). The Si/Al mol ratios of the fau-
jasite obtained by reflux pretreatment with various
HCI concentrations were quite similar (2.56-2.68).
Faujasite obtained by reflux pretreatment with
various HCl concentrations also showed a quite
similar specific surface area (412.69-452.93 m2/g).
Both the Si/Al mol ratios and the specific surface
areas of the faujasite obtained with reflux pretreat-
ment were generally lower compared to commercial
zeolite NaY but were higher compared to faujasite
without reflux pretreatment as presented in Table
1.

The higher Si/Al mol ratios of faujasite obtained
with reflux pretreatment compared to faujasite
without reflux pretreatment may be due to the
higher Si/Al mol ratio of refluxed fly ash. The rela-
tively low specific surface area of faujasite from fly
ash compared to commercial zeolite NaY may be
due to the presence of unreacted fly ash together
with faujasite (Shigemoto et al., 1993). It was
shown that reflux with 5M HCI followed by fusion

Q

Fly ash refluxed
with 5 M HCI a

F NaOH/Fly ash
F F weight ratio

1.0

2.0

25

3.0

Degrees 2-Theta

Figure 2. X-ray diffraction pattern of the zeo-
lite obtained by reflux pretreatment with 5M
HCl concentration and fusion with various
NaOH/fly ash weight ratios (F=faujasite,
HS=hydroxysodalite and Q=quartz)
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Table 1. The influence of reflux pretreatment with various HCI concentrations on the crystallinity, Si/Al
mol ratio, and specific surface area of the faujasite obtained for hydrothermal time of 72 hours (fusion pre-

treatment with NaOH/fly ash weight ratio of 1.2)

HCI Concentration (M) Crysjt:;lllt‘:a )"f fau- | ¢i/A1 mol ratio | Specific surface area (m?g)

1 64.28 2.66 452.88

3 70.05 2.61 427.23

5 97.06 2.68 452.93

7 68.45 2.56 428.99

9 62.94 2.59 412.69
Commercial zeolite NaY 100.00 3.31 569.76
Without reflux ® 91.88 1.15 420.54

Table 2. The influence of fusion with various NaOH/fly ash weight ratios on the crystallinity, Si/Al mol
ratio, and specific surface area of the faujasite (reflux pretreatment was done using 5M HCI)

NaOH/fly ash weight ratio Crys;:lsliitr; itﬁ;o; f fau- Si/?:l ti;nol Specific surface area (m?/g)
1.0 73.00 1.99 407.30
1.2 97.06 2.68 452.93
1.5 30.67 1.71 362.45
Commercial zeolite NaY 100.00 3.31 569.76
Refluxed-fly ash ® 2.79 66.32

pretreatment with NaOH/fly ash weight ratio of
1.2 (Table 1 and 2) showed the optimum condition
for the synthesis of faujasite from fly ash.

The faujasite obtained via combination of reflux
and fusion pretreatment showed high thermal
stability up to 700°C (92.90% crystallinity). In
contrast, commercial zeolite NaY still showed a
higher structural stability (76.55% crystallinity)
at 8000C. Complete structural damage of fau-
jasite from fly ash and commercial zeolite NaY
into amorphous phase occurred at about 800 and
900°C, respectively (Table 3). The relatively
higher stability of commercial zeolite NaY com-
pared to faujasite clearly proved that commercial
zeolite NaY had higher Si/Al mol ratio (3.31)
than faujasite from fly ash (2.68) as shown in Ta-
ble 1.

Catalytic application for hydrocracking of
petroleum distillates

Nickel loading on the zeolite structures was con-
ducted by ion exchange process. Table 4 showed

the amount of nickel loaded and the crystallinity of
Ni-faujasite and Ni-zeolite Y catalysts as a func-
tion of initial nickel concentration on faujasite com-
pared to those on zeolite Y for various Ni2+ concen-
trations. Due to the lower Si/Al ratio of faujasite
(see Table 1 and 2), the amount of nickel loaded on
faujasite was higher than those on zeolite Y. In
general, it revealed that the amount of nickel
loaded on the zeolite structure sharply increased
by increasing nickel concentration. A further in-
crease of nickel concentration gradually increased
the nickel loaded and the nickel loaded became
relatively constant at higher nickel concentration.

Under similar initial concentration of nickel, the
structural damage of faujasite was higher than
those of zeolite NaY. Increasing the amount of
nickel loaded experienced more structural damage.
The transition metal ion solutions are generally
acidic because of hydrolysis. Due to the presence of
aluminate sites in the zeolite framework, however,
these aluminate sites lead to zeolites unstable at
low pH, because aluminate sites are more basic
than silicate sites that are preferred to be attacked
by H*. As a result, removal of Al from the frame-
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Table 3. Crystallinity of faujasite from fly ash and commercial zeolite NaY against heat treatment at

various temperatures

Temperature Crystallinity (%) @

0 Faujasite from fly ash Commercial zeolite NaY
100 97.06 100.00

400 74.75 65.51

500 88.65 70.22

600 94.91 66.67

700 92.90 72.00

800 3.37 76.55

900 0 0

Table 4. The crystallinity of Ni-faujasite, Ni-zeolite Y catalysts as a function of initial Ni concentration

Initial Ni conc. Ni-faujasite Ni-zeolite Y
™) Niloaded (%) | Crystallinity %) | 1(‘3 /j‘)ded Crystallinity (%)
0.000 0.00 100.00 0.00 100.00
0.050 2.38 76.04 2.22 97.20
0100 3.18 62.78 2.51 95.40
0.150 3.51 74.50 2.68 81.95
0.200 3.65 71.60 2.92 77.64

work will readily occur leading to partially loosen
or even break down the crystalline zeolite struc-
ture. Increasing nickel concentration can increase
the amount of H* released in the solution resulting
an increase of structural damage of the zeolites. In
this investigation, the Si/Al mol ratio of faujasite
was lower than those of zeolite NaY. Therefore, the
higher amount of framework-Al in faujasite leads
to a higher structural damage compared to zeolite
NaY.

The structural damage of zeolites may also be gen-
erated by direct interaction between the nickel
cations and the framework oxygen atoms. The di-
rect interaction leads to the framework contraction
or even structural damage due to stronger Cou-
lomb attraction of the nickel cations with the
framework oxygen atoms than those of sodium
cations and the framework oxygen atoms. The in-
teraction increased as both the nickel concentra-
tion increased and the Si/Al mol ratio of the frame-
work decreased. As a result, the structural damage
of zeolite increased accordingly.

Activity of the catalyst is required to determine the
ability of the catalysts to convert a reactant into a
desired product in a certain reaction. In this ex-
periment, the catalyst is used for hydrocracking of
heavy petroleum distillates (200-300°C fraction) of

Minas crude oil. The hydrocracking product actu-
ally consists of gas and liquid phases as well as
solid phase. Carbonaceous deposits (cokes) as the
solid phase product remains with the catalyst solid
phase. Due to limited reactor condition, however, it
was only liquid phase that has been isolated and
analyzed. According to Fessenden and Fessenden
(1986), based on the number of carbons, liquid pe-
troleum distillates were grouped into gasoline (C5-
C10), kerosene (C11-C12), gas oil (C13-C17), and
heavy gas oil (C18-C25). Thefore, the liquid phase
of hydrocracking product was mainly grouped into
gasoline, kerosene, gas oil, and heavy gas oil. Per-
centage of each fraction can be measured by com-
paring peak area of fraction component and total
peak area of chromatogram.

Figure 3 showed that the main components of
heavy petroleum distillates were gas oil and heavy
gas oil. Although the conversion was not complete,
it can be clearly seen that all catalysts performed
the ability to convert heavy gas oil into lighter frac-
tion as indicated by the decrease of heavy gas oil
fraction concomitant with the increase of the
lighter fraction. Thermal and fly ash hydrocrack-
ings were able to decrease heavy gas oil fraction
resulting gas oil as the main fraction concomitant
with kerosene, however, it failed to increase gaso-
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Figure 3. The composition of feed and hydrocracking product of heavy petroleum distillates over Ni-faujasite and Ni-

zeolite Y catalysts

line fraction. Although gas oil fraction still domi-
nated the hydrocracking product, in contrast, the
composition of gasoline fraction in the hydro-
cracking product over Ni-faujasite and Ni-zeolite
Y catalysts increased accordingly. Ni-faujasite
catalysts were better than Ni-zeolite Y catalysts
in the conversion of heavy gas oil, whereas Ni-
zeolite Y catalyst produced the higher amount of
gasoline.

Conclusion

Hydrothermal synthesis of faujasite from fly ash
via reflux pretreatment of fly ash with HCI before
fusion with NaOH fusion with NaOH has resulted
faujasite selectively with thermal stability as high
as commercial zeolite NaY. In the preparation of
nickel containing catalysts by ion exchange
method under similar initial concentration of
nickel, due to the lower Si/Al mol ratio of the fau-
jasite obtained, the amount of nickel loaded on
faujasite was higher than those on zeolite Y, how-
ever, the structural damage of faujasite was
higher than those of zeolite Y. In the hydrocrack-
ing of heavy petroleum distillates, although the
conversion was not complete, it can be clearly
seen that Ni-faujasite catalysts performed the
ability to convert heavy gas oil into lighter frac-
tion.
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