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Abstract The evaluation of the Jordanian faujasite
tuff in wastewater treatment is investigated by
comparison with synthetic faujasite (13X) and
clinoptilolite-rich tuff. The material used (JORD-
FAUJ) is concentrated by mineral processing tech-
niques. It has a faujasite content of 57% and phil-
lipsite content of 35%. Thorough characterization
of the JORD-FAUJ revealed the high suitability of
the product for use in column operation. It either
compares closely or gives better thermal stability,
attrition resistance, acid resistance, cation exchange
capacity (CEC) and water absorption capacity,
when compared with products already recom-
mended in column operation. The study has also
revealed that the JORD-FAUJ competes efficiently
in ammonium removal with the synthetic faujasite
13X and clinoptilolite-rich tuff and gives similar
performance. JORD-FAUJ gave a very high per-
formance in removing Pb, Cr, Cu, Zn, and Ni from
wastewater, equivalent to 83–100% of that of fauja-
site 13X and much higher than the clinoptilolite-
rich tuff.
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Introduction

Zeolites have found practical applications as ion exchan-
gers in the protection of the environment. The first at-
tempts at purifying waters, using naturally occurring ma-
terials containing zeolites, was performed in the 19th

century (Breck 1974). A major factor that has been taken
into consideration to choose zeolites is the cost advan-
tage of zeolites over other ion exchangers, their very high
selectivity for certain cations such as NH4

c (Townsend
1984), and their efficiency in the presence of interfering
cations (Ibrahim 1996; Pansini 1996). Currently, several
large-scale municipal plant installations are successfully
operating in the USA (Lopez and Liberti 1991) and Italy
(Amecarelli and Liberti 1991).
In Jordan, uncontrolled pollution causes stress on the
fragile environment and aggravates competition for in-
creasingly expensive water resources. Without fundamen-
tally new approaches, the government’s commitment to
provide sustainable water and environmental sanitation
systems for all people may be jeopardized. A major prob-
lem of industrial development is the quantity and diversi-
ty of wastes generated. Therefore, the need to present so-
lutions to reduce the effect of water pollution assumes a
high priority.

Geological setting

The Cenozoic continental plateau lava of northeast Jor-
dan (northern Badia) are part of a major volcanic prov-
ince that erupts out continuously from Syria across
Jordan, and into Saudi Arabia. In northern Badia,
F11,415 km2 of lava, defined as Harrat Ash-Shaam Bas-
altic Super-Group (HASB), is exposed (Ibrahim 1993). It
consists of alkali basalt, hawaiite and basanites (Ibrahim
1993), with an age ranging from 26 to ~0.5 Ma (Ibrahim
and others 1999). The HASB is subdivided into groups
and formations of Oligocene to Quaternary age, of which
the Aritayn Volcano-clastic Formation (Pliocene–Quater-
nary) contains authigenic zeolites that act as cement to
the volcanic clasts. Recently, faujasite-rich volcano-clastic
deposits have been discovered in the formation in three
localities in northern Badia (Ibrahim and Hall 1995). The
best locality of the three is Jabal Hannoun with an aver-
age faujasite content of F30% and total zeolite of 47%. A
product referred to as JORD-FAUJ was selected for the
purpose of this study. It was obtained from Jabal Han-
noun lapilli tuff by simple mineral processing techniques
(Ibrahim and Inglethorpe 1996). JORD-FAUJ contains
F92% zeolite.
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Table 1
Chemical composition of the studied materials. LOI Loss on
ignition

JORD-FAUJ 13X CT

SiO2 40.01 40.49 62.72
TiO2 0.21 0.02 0.16
Al2O3 15.13 25.30 12.02
Fe2O3 1.06 0.05 0.92
MnO 0.09 0.00 0.04
MgO 0.79 0.02 1.22
CaO 10.18 0.05 0.70
Na2O 4.91 12.54 3.14
K2O 0.92 0.02 1.27
P2O5 0.33 0.02 0.04
LOI 26.58 21.41 15.80
Total 100.21 99.90 98.02

Table 2
Selected technological parameters of the studied materials

Sample JORD-FAUJ 13X CT

Color Light brown White Off-white-light
brownish gray

Water adsorption
capacity %

17 26 –

CEC meq/g 3.24 3.6 2.46

Experimental work

The objectives of this work were a full appraisal of JORD-
FAUJ in ion exchange applications, including the removal
of ammonia and toxic ions from simulated wastewater of
municipal and industrial effluents by comparison with
other known zeolites. For this purpose the JORD-FAUJ
was compared with other known zeolites. Among the
products selected for comparison were synthetic faujasite
(molecular sieve type 13X), a product of UOP/Union Car-
bide and clinoptilolite-rich tuff (CT) from Chalk Hills
Formation, Castle Creek, Idaho (Stop 2, Zeolite ’93 field
trip, Sheppard 1993). Because of the nature of product
13X and the fact that both the 13X and CT samples are
only available in small quantities, investigations were
conducted using batch-contact experiments. In this mode
of experiment, a portion of the sample was in contact
with the simulated solution for different times. The solu-
tion was then separated by centrifugation for analysis.
Sample weight, solution concentration and volume were
kept constant throughout the experiment, with only one
variable, which was contact time. The results were plotted
as concentration versus time.
Samples CT and JORD-FAUJ were first powdered and
converted to their Na-form by soaking in 1 M NaCl at
80 7C for 2 weeks with continuous stirring. Each sample
of 0.4 g was used throughout the experiments. The sam-
ples were placed in covered test tubes, brought into con-
tact with 12 ml of the solution and subjected to contin-
uous shaking. Two sets of experiments were conducted as
follows:
1. Removal of heavy metals, where two tests were con-

ducted using the cations Pb, Cr, Cu, Zn, and Ni, one
each at 10 ppm and a second batch at 20 ppm.

2. Removal of ammonia, here two other tests were car-
ried out, one at 25 ppm NH4

c and the second at
50 ppm NH4

c.

Description of the products

JORD-FAUJ

Mineralogy and chemistry
X-ray diffraction analyses indicate that JORD-FAUJ con-
tains F57% faujasite, 35% phillipsite, 7% calcite and
traces of other constituents of volcanic clasts. The chemi-
cal composition is given in Table 1. The major oxides,
such as SiO2, Al2O3, Na2O, CaO, K2O and sometimes
MgO, were incorporated within the zeolite structure. Oth-
er oxides, such as Fe2O3, TiO2, P2O5 and MnO, corre-
spond to the presence of non-zeolite accessory phases.
The high content of CaO is attributed to the presence of
calcite.

Grain size and morphology
The JORD-FAUJ consists of particles that vary in grain
size between –0.25 and c0.125 mm (equivalent to –60

and c120 mesh). The particles have different shapes, in-
cluding spherical, irregular angular and subangular, and
elongated rod-like particles. The spherical, ball-like par-
ticles represent amygdals composed of one or more of
the authigenic phases formed within the vesicles of the
vitric clasts, the center of which is usually hollow. Other
particles may represent single crystals, or monomineralic
aggregates of crystals of zeolites and/or calcite. In a few
cases, the particles have relicts of a vitric phase attached
to a crystal or group of crystals.

Cation exchange capacity (CEC)
Selected technological parameters for the JORD-FAUJ are
given in Table 2. The JORD-FAUJ is characterized by
high CEC values when compared with the CEC of the
Neapolitan phillipsite tuff, which is 2.20 meq/g (de’Gen-
naro and others 1983). In an attempt to determine the se-
lectivity of Nac and NH4

c in the JORD-FAUJ, pure phil-
lipsite and faujasite converted to the Na-form were sub-
jected to isotherm experiments by Ibrahim (1996). The
isotherms show the preference of phillipsite (ap4.88) and
faujasite (ap4.26) for NH4

c over Nac. This indicates that
both minerals in their Na-form have the ability to re-
move the NH4

c from solutions, and emphasizes the higher
selectivity of phillipsite towards NH4

c compared with fau-
jasite.

Attrition resistance
Most ion exchange applications require the use of a fixed
bed or column of sized zeolite. An important property of
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Table 3
Wet attrition resistance of products recommended for column
operation

Sample Attrition resistance (wtloss%)

JORD-FAUJ 5.3
Neapolitan phillipsite tuffa 9.8
New Mexico clinoptiloliteb 13
Hector clinoptiloliteb 7.5
Zeolon 900b 3
Pelletized chabaziteb 7.6

a Data from de’Gennaro and others (1983)
b Data from Mercer and Ames (1978)

sized zeolites is their resistance to wet attrition. Table 3
lists the attrition resistance of the JORD-FAUJ. The tests
were carried out following the procedure of Mercer and
Ames (1978). When compared with products already rec-
ommended for column operation as shown in Table 3,
the JORD-FAUJ is better than the attrition resistance of
the Neapolitan phillipsite tuff, the New Mexico clinopti-
lolite, the Hector clinoptilolite and pelletized chabazite,
but it compares closely with Zeolon 900 (a synthetic mor-
denite).

Packed-bed density
Packed-bed density is the minimum volume occupied in
a glass cylinder by a known amount of sample after a
suitable rapping until no further reduction in volume oc-
curs (de’Gennaro and others 1983). Since the specific
gravity of packed zeolites varies, packed-bed densities
were measured so the volumetric capacity, which is im-
portant for sizing ion exchange equipment, could be de-
termined. The wet and dry packed-bed density of the
JORD-FAUJ is 1.04 and 1.01 g/cm3, respectively, as com-
pared with the wet and dry packed-bed density of the
Neapolitan phillipsite tuff, which is 0.80 and 0.68 g/cm3,
respectively (de’Gennaro and others 1983). The results of
the packed-bed density indicate that the JORD-FAUJ al-
lows the column experiment to work correctly. Products
with higher packed-bed density result in excessive head
losses of the column, whereas lower packed-bed density
results in good channeling.

Thermal stability and water adsorption capacity
Among the zeolites present in the JORD-FAUJ, phillipsite
has a limited thermal stability (Mumpton 1978). Phillip-
site structure in the JORD-FAUJ remains undamaged up
to about 250 7C and starts to collapse thereafter. Faujasite
structure, however, is very stable and did not show any
change throughout heating experiments (Fig. 1). The be-
havior of the JORD-FAUJ, therefore, is intermediate be-
tween the stability fields of both zeolite minerals. It
shows a residual crystallinity of F78% when heated up
to 500 7C as it contains considerable amounts of faujasite.
The thermogravimetric analysis (TGA) curves for pure
phillipsite and faujasite from JORD-FAUJ are shown in

Fig. 1
Thermal stability of purified zeolites and JORD-FAUJ

Fig. 2
TGA curves for purified zeolites from JORD-FAUJ

Fig. 3
Adsorption capacity of JORD-FAUJ at different activation
temperatures

Fig. 2. They indicate that the maximum loss of phillipsite
of F10% occurs close to 300 7C. Faujasite, however, has a
maximum loss of 25% at 300 7C. The maximum percent-
age of regained water (water adsorption capacity) re-
corded from JORD-FAUJ is F17% at the activation tem-
peratures 300, 400 and 500 7C (Fig. 3).
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Acid resistance
For the possible use of zeolites in ion exchange applica-
tions, it is essential to know their resistance to aggressive
environments, which are generally acid solutions. Fig-
ure 4 shows the results of acid resistance tests, which in-
dicate that when the JORD-FAUJ is treated with acidic
solutions at pH 5 it loses ~2% in a contact time of 24 h
and ~5% in a contact time of 48 h. At pH 3, the JORD-
FAUJ resists the acidic attack in the first 4 h, then it
starts to lose part of its crystallinity. The residual crystal-
linity as a result of this reaction after 48 h is F80%.

Synthetic faujasite 13X
Based on the information sheet provided with the prod-
uct, the molecular sieve type 13X is a market name for
the Na-form of zeolite X, which has a faujasite crystal
structure. The chemical formula of the product is
Na86[(AlO2)86(SiO2)106]!(H2O). The material can adsorb
molecules with critical diameters up to 10 Å. It is used
commercially for general gas drying, air plant purifica-
tion and liquid hydrocarbon and natural gas sweetening.
It is a white powder that consists of agglomerates
~10 mm made from crystals with an average size of
1.0–4.5 mm. The maximum water absorption capacity of
the material is 26% and its cation exchange capacity is
3.6 meq/g. The chemical composition of synthetic fauja-
site 13X is given in Table 1.

Clinoptilolite-rich tuff (CT)
The CT has the appearance of off-white to light brownish
gray, very fine-grained, moderately resistant mudstone.
Clinoptilolite is the most abundant constituent (180% of
the rock; Sheppard 1993). Other constituents include
smectite and opal-CT. The chemical composition of the
CT sample indicates that the clinoptilolite is a sodaic va-
riety (Table 1). The scanning electron microscope investi-
gation indicated that the clinoptilolite forms are platy
and tabular, commonly 3–15 mm in length.

Fig. 4
Acid resistance of pure zeolites and JORD-FAUJ as a function
of solution pH

Fig. 5a–c
Combined decay curves for heavy metal cations at 10 ppm
concentration

Results and discussion

Figure 5 shows the type of decay curves obtained from
the three samples after they were subjected to solutions
containing a mixture of heavy metals. The curves give the
relationship between the ion exchange as a function of
time, and the shape of the curve as an indicative of the
affinity for the specific ion. After 15 min of contact time
using a solution with 10 ppm of cations, the JORD-FAUJ
had removed 199% of both Pb and Cr, F98% of Cu,
94% of Zn, and 92% of Ni (Fig. 5a). Furthermore, by in-
creasing the concentration of the solution to 20 ppm, the
ability of the JORD-FAUJ to remove both Zn and Ni in
3 min was 87 and 83%, respectively (Fig. 6a). However,
within 15 min it had removed 90 and 85% of those two
elements, and it needed another 15 min to increase these
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Fig. 6a, b
Combined decay curves for heavy metal cations at 20 ppm
concentration

Fig. 7a, b
Combined decay curves for
NH4

c

values to 97 and 93%, respectively (Fig. 6a). The behavior
of Pb, Cr, and Cu remains unchanged, even when using
this solution with higher concentration (Fig. 6a). The
JORD-FAUJ gives comparable results with the 13X rather
than the CT (Figs. 5 and 6). The 13X samples exhibit a
very strong ability to remove all of the cations in the so-
lution very rapidly. All cations were removed with 100%
efficiency from the 10 and 20 ppm solutions after 15 and
3 min of contact time, respectively (Figs. 5b and 6b). On
this basis, it can be concluded that the 13X displays simi-
lar efficiency to the JORD-FAUJ in removing Pb, Cr, and
Cu, but is more efficient in removing Zn and Ni. The CT
samples are characterized by a comparable performance
in removing Pb from the 10 ppm solution with that of
the 13X and JORD-FAUJ. Nevertheless, its efficiency to-
wards other cations is poor (Fig. 5c).
In Figure 7, the results of treating NH4

c solution with the
three materials is displayed. Figure 7 emphasizes the sig-

nificant efficiency of JORD-FAUJ compared with the effi-
ciency of the 13X and the CT samples. The three materi-
als have removed the NH4

c from the solution almost com-
pletely within 3 min of contact time, even at 50 ppm con-
centration.

Conclusions

The characterization of the JORD-FAUJ has revealed the
high suitability of the product for use in column opera-
tion based on its chemical and physical parameters.
When JORD-FAUJ is compared with other products al-
ready recommended in column operations, it gave better
thermal stability, attrition resistance, acid resistance, CEC
and water adsorption capacity than the Neapolitan phil-
lipsite tuff of Italy, and better attrition resistance than
the New Mexico clinoptilolite and Hector clinoptilolite,
but compared well with Zeolon 900.
The study has revealed that JORD-FAUJ competes effi-
ciently with synthetic faujasite 13X and clinoptilolite-rich
tuff in ammonium removal and gives similar perform-
ances. It gave very high performance in removing Pb, Cr,
Cu, Zn, and Ni from wastewater, equivalent to 83–100%

of the performance of the synthetic faujasite 13X, but
very much higher than the clinoptilolite-rich tuff. The re-
sults of the present investigation suggest the positive pos-
sibility of employing JORD-FAUJ in ammonium and hea-
vy metal removal from wastewater. The high affinity to-
wards the pollutant in the presence of interfering cations
is the main feature that recommends the use of this natu-
ral product, along with its low cost and availability in
Jordan.
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