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Abstract  

The purification of water using nanosized EMT-type zeolite grown on luffa (zeolite/luffa 

composite) has been carried out. The degree of crystallinity, porosity, and morphology of the 

pure zeolite, pure luffa and zeolite/luffa composite are characterized prior their use. It is found 

that the luffa fibers preserve the semi-crystalline structure under hydrothermal treatment thus 

resulting in the zeolite/luffa composite with enhance mechanical strength and long-term stability. 

The zeolite/luffa composite is used to remove heavy metals (Cu2+, Co2+, Fe3+, and Mn2+) from 

water; the sorption behavior is studied by UV-vis spectroscopy. Zeolite/luffa composite has 

shown high capacity for heavy metal removal from water, thus resulting in 85-95 % elimination 

of Cu2+, Co2+, Fe3+ and Mn2+ within 250 minutes. The performance of the zeolite/luffa composite 

is explained by enhance mechanical strength and long-term stability, fast diffusion, high contact 

area and high ion exchange and sorption capacity of both the zeolite nanocrystals and the natural 

luffa fibers. 

Keywords: zeolite nanocrystals, zeolite/luffa composite, water purification, heavy metals, 
adsorption, ion exchange. 

1.    Introduction 
 

 The growing environmental awareness has stimulated the design of environmentally friendly 

materials for water, air, and soil purification. Since the 1990s, natural fibers are emerging as 

alternatives to synthetic fibrous supports (glass, aramid, carbon, etc.) for preparation of 

composites and membranes.[1-9] Consequently, in recent years, natural fibers have attracted 

more interest by providing a sub-complete solution to the demanding problems of industrial 



society.[10-12] Moreover, the natural fibers are biodegradable, renewable, inexpensive and have 

good mechanical and chemical stabilities.[13,14] The fibrous vascular structure of natural fibers 

is associated with the organic polymers and thus can be used for preparation of new 

composites.[15-19] Besides, the natural fibers have been used, as support and/or as bio-template 

for deposition of porous materials including zeolites.[1,2,20-24] Due to their diverse structures, 

chemical compositions, porosity, morphology and degree of hydrophilicity/hydrophobicity, the 

zeolites have been applied in different fields including catalysis, ion exchange and sorption 

processes. The later processes are related with water and air purification.[25-27] There are 218 

synthetic and 45 natural zeolites with diverse physicochemical properties.[28] Between the 

natural zeolites, the clinoptilolite is one of the most frequently studied due to the abundance and 

high selectivity toward heavy metals.[29] Clinoptilolite was used in the removal of Cs+ and Sr2+ 

radioisotopes from waste water.[30] Besides, it has been shown that clinoptilolite has a high 

removal efficiency (>50%) for mixed heavy metal effluents (Pb2+, Cd2+, Cu2+, Zn2+, Cr3+, Ni2+, 

and Co2+).[31,32] Moreover, the surface modified clinoptilolite with amorphous iron oxide 

species has improved exchange capacity and resulted in a simultaneous removal of Cu, Mn and 

Zn from drinking water.[33,34] On the other hand, synthetic zeolites are also widely used for 

purification of water. Zeolite A (LTA-type structure) is effectively used for elimination of 

Cr3+,[35] while zeolite Y (FAU-type structure) demonstrated a high capacity for removal of Cr3+ 

and Pb2+.[36] Zeolite Y was also applied for selective elimination of different heavy metals (Fe, 

As, Pb, Zn, Cu, Ni, Cr) from waste water.[37] The other form of FAU-type zeolite (zeolite X) 

and zeolite A have shown a good efficiency for the removal of Cd2+ and Zn2+ from aqueous 

solutions.[38] The higher efficiency of zeolite Y for elimination of heavy metala with a 

selectivity in the order Fe>As>Pb>Zn>Cu>Ni>Cr has been demonstrated, and a comparison with 

a natural PHI-type material (Na-Phillipsite) was reported. The results illustrated that the 

synthetic zeolite Y has a higher sorption capacity, i.e., 10 times greater than the natural 

zeolites.[39] 

In order to improve the performance of zeolites, not only the type of the crystalline structures is 

important, but also the morphology, surface properties, particle size and pre-shaping are of 

significant concerns. Once these properties are altered a significant improvements in the sorption 

kinetics and functioning of the materials are expected. In general, the decrease of the particle 

sizes results in an increase of the external surface area of zeolites, and thus fast diffusion of 



molecules in the micro- and meso- pores is expected. However, processes using as prepared 

nanosized zeolite are difficult to be handle, and recycling of the nanosized materials after the 

sorption process is also a challenging task. Therefore, the immobilization of the nanosized 

zeolite crystals on supports is considered. Between numerous supports, natural fibrous materials 

have been widely used. The use of cellulose fibers as a support for high removal of heavy metals 

(Ni2+ and Cu2+) from aqueous solutions has been demonstrated with a high capacity (82-98% vs 

10% for non-supported zeolite).[40] More recently, LTL-type zeolite has been grown on natural 

hemp fibers, and the LTL/hemp composite presented a high ability for adsorbing aromatic 

derivatives from water; the removal degree reached is about 84%.[41] 

 Natural fibers such as cotton, hemp, flax, sisal, and luffa display diverse morphological and 

chemical characteristics. Between them, luffa fibers possess a netting-like fibrous vascular 

system characterized by microcellular architecture with continuous hollow microchannels. 

Therefore the luffa fibers have been used as biotemplate for preparation of hierarchical ZSM-5 

zeolites.[42] The luffa fibers are also used as cell carriers in bioreactors,[43] scaffolds for tissue 

engineering,[40] and for development of biofiber-reinforced composites.[44] 

 In this work, luffa fibers were used as a natural support for the growth of template free 

nanosized EMT-type zeolite, and the resulted zeolite/luffa composite (ZLC) is further applied for 

removal of heavy metals (Cu2+, Co2+, Fe3+, Mn2+) from water. Luffa fibers (or luffa cylindrica 

fibers) are a tropical plant, which belongs to the family of curcubitacea. The fruit of luffa fiber 

has fibrous and vascular systems that form a natural mat when is dried. The luffa is composed 

mainly from cellulose, hemicelluloses and lignin. The fibrous vascular system is considered as 

an ideal support for the growth of zeolite nanocrystals where an increase of the contact surface 

area between the zeolites and the fiber surfaces is of favor for preparation of long-term stable 

composites. In addition, the three-dimensional (3D) structure of the luffa makes easier the 

preparation of composite and improves the water diffusion during the purification process. The 

results are compared with pure EMT-type zeolite, which is used as a reference. The water 

hardness effect is also taken into account during the purification process 

 



2.    Experimental Section 

2.1. Luffa fibers 

Luffa fibers purchased from Belo Horizonte (Brazil) were cleaned with acetone under 

ultrasonication for 7 minutes and then rinsed with water and dried at 60 °C. After drying, the 

fibers were treated twice with 0.1 M sodium hydroxide solution (NaOH) at 80 °C for 2 h and 12 

h in order to purify the surface and to remove other constituents present in the fibers, and 

partially the lignin. The chemical composition of luffa fibers is given in Table 1. The density of 

the luffa fibers is 0.85 g/cm3. After each treatment the fibers were washed with distilled water. 

2.2. Heavy metals 

The heavy metals in the form of CuSO4.5H2O (98 %), Co(NO3)2.6H2O (98 %), Fe(NO3)3.9H2O 

(98 %), Mn(NO3)2.4H2O (99.98 %) and Ca(NO3)2.4H2O were supplied by Prolabo as analytical 

grade reagents. All experiments were performed with double distilled (dd) water, and the 

hardness of the water was controlled. 

2.3. Preparation of zeolite/luffa composite  (ZLC) 

The synthesis procedure for pure EMT-type zeolite was reported elsewhere.[45] The nanosized 

EMT-type zeolite in the presence of luffa fibres was synthesized from a clear precursor 

suspension with a molar composition: 5.15SiO2 : 1Al2O3 : 17.96Na2O : 240.3H2O. The synthesis 

was carried out at 30 °C for 36 h. The ratio luffa : precursor suspension of 4 : 96. was kept 

constant. After crystallization, the zeolite/luffa composites were purified with water under 

sonication, leading to removal of loosely attached zeolite nanocrystals from the fibers. After 15 

min sonication, the fibers were rinsed with dd water and dried at room temperature. 

2.4. Characterization 

The phase purity and crystallinity of zeolites and luffa fibers were determined by X-ray 

diffraction using a PANalytical X'Pert-pro diffractometer in Debye-Scherrer geometry with Cu 

Kα radiation (45 kV, 40mA) at a scanning speed of 0.00167 °/sec over a range 5-50 o2θ. 

 The surface features and degree of coverage of luffa fibers with zeolite nanocrystals were 

determined by field-emission scanning electron microscope (SEM) using a JEOS JSM6700F 

with an accelerating voltage 30.0 kV.  

The amount of zeolite crystals embedded in the luffa fibers were determined by thermo-



gravimetric analysis (TG) using a SETSYS evolution instrument (SETARAM). The samples 

were heated from 30 to 800 °C with a heating rate of 5 °C min-1 in air. 

 The porosity of the samples was evaluated by recordering the nitrogen adsorption/desorption 

isotherms of the pure EMT-type zeolite, pure luffa fibers and ZLC using a Micromeritics ASAP 

2020M volumetric adsorption analyzer. Samples were dehydrated at 170 °C under vacuum 

overnight prior to the measurements. 

 The inductively coupled plasma (ICP) spectroscopy is used to determine the chemical 

composition of the samples. The ICP results for pure EMT-type zeolite and ZLC are presented in 

Table 2. 

2.5. Removal of heavy metals from water 

The removal of heavy metals (Cu2+, Co2+, Fe3+, and Mn2+) from water using pure luffa fiber, 

pure nanosized EMT-type zeolite, and zeolite/luffa composite was carried out using a batch 

approach. Water samples (1000 ml) with 500 mg of heavy metal salts of Co2+, Fe3+, and Mn2+ , 

where the pH was adjusted to 6.2, 5, and 5.4 by adding of HNO3 and NaOH were prepared to 

avoid the precipitation and complex effect.[46] In the case of Cu2+, the precipitation occurred 

when the pH of the solution is higher than 5.5, so as the experiments were carried out without 

any further  adjustment of the pH (pH = 4.8). Then 28 mg of zeolite powder or 100 mg of 

zeolite/luffa composite were added to 35 ml of the prepared solutions with salts of Co2+, Fe3+, 

and Mn2+, and kept on a shaker (speed of 150 rpm) from 5 to 250 min. Then the solid phase was 

separated from the water by centrifugation (20000 rpm for 10 min) prior characterization. While, 

the samples treated with zeolite/luffa composites were subjected to further charaterization 

without additional centrifugation.  

 The water samples treated with pure zeolite, luffa and ZLC were characterized by UV 

spectroscopy using a UV-vis Hewlett Packared HP8453 spectrometer (the spectra were measured 

in the range 850 - 200 nm). The removal of heavy metals from solutions is determined using the 

following formula: metals removed (%) =		(𝐶𝑜 − 𝐶𝑒)/𝐶𝑜 × 100, where 𝐶𝑜  and 𝐶𝑒 are the 

initial and final metal concentrations (mg/l), respectively. 

3.    Results and discussion 

3.1. General characterization  



The crystallinity of pure zeolite, luffa and zeolite/luffa composite was determined by X-ray 

diffraction measurements (Fig. 1). The Bragg peaks at 16, 22.6, and 34.7 o2θ (Fig. 1a), confirm 

that the luffa fibers are semi-crystalline which is a base for moderate mechanical strength and 

stability. The XRD pattern of the ZLC (Fig. 1b) contains additional peaks at 5.9, 26.5, 29.2, 30.8, 

40.8 o2θ that correspond to the crystalline EMT-type zeolite (Fig.1c). These results undoubtly 

show that the ZLC is based on nanosized EMT-type zeolite grown on luffa fibers.   

 The zeolite nanoparticles on and embedded in the luffa fibers were further characterized by 

scanning electron microscopy. The surface features (morphology and size) of the initial luffa 

fibers, and the zeolite/luffa composite are shown in Fig. 2. The diameter of the luffa fibers is 

about 50 nm, and the length is determined from the preparation of the filaments prior to 

crystallization of zeolite crystals. The smooth surface of luffa fiber at high magnification is 

shown as insert in Fig. 2a. In contrast to the pure luffa fibers, the surface of the ZFC is more 

ridged and clearly contains zeolite nanocrystals on the surface and within the struts of luffa 

fibers. During the synthesis, the precursor suspensions penetrated well in the vascular system of 

the luffa fibers, and thus the crystallization takes place not only at the surface but also in the 

inner cellular network (Fig. 2 c,d). The EMT-type zeolite crystals are packed tightly and some 

are wrapped in a spiral mode due to the coiled textural structure of the luffa fibers (inset Fig. 2 

c). 

The amount of zeolite nanocrystals embedded in the composite is determined by 

thermogravimetry. The TG curves of pure luffa fibers, pure EMT-type zeolite and the ZLC are 

depicted in Fig. 3. The change in the weight (weight loss) of the pure luffa and zeolite samples 

under heating is observed in three steps: the first step is bellow 240 °C, the second step is in the 

range 240-330 °C, and the third one is above 330 °C. The first weigh loss is due to removal of 

water from luffa fibers (3 %) and EMT-type zeolite (27.6 %). The second weight loss is related 

with the decomposition of pure luffa fibers (98 %), and the residue of 2 % is the extractive. 

Based on these results, the amount of zeolites embedded in the luffa fibers (ZLC) was 

determined using the difference in the weight loss between ZLC and pure luffa fibers. It is found 

that 24.7 % of EMT-type zeolite nanocrystals are embedded in the luffa fibers (see Fig. 3). 

Prior using the pure zeolite and zeolite/luffa composite for water purification, their porosity 

was measured. The adsorption-desorption isotherms of the pure EMT-type zeolite as well as 

ZLC show a steep uptake at low relative pressures, followed by inclination with the increase in 



the partial pressure, and terminated with a large hysteresis loop at high relative pressure. The 

latest is due to aggregation of nanosized zeolite crystals in the case of pure EMT-type zeolite  

and within the ZLC. The N2 sorption isotherms show the combination between Type I and Type 

IV isotherms due to the presence of micro- and meso-pores in the materials (Fig. 4). The 

Brunauer-Emmet-Teller surface area (SBET) and micropore volume of pure EMT-type zeolite is 

560 m2 g-1 and 0.16 cm3 g-1, respectively. These values correspond to a highly crystalline 

material, which is in good agreement with the X-ray diffraction data and SEM results. In the case 

of ZLC, the micropore volume is 0.015 cm3 g-1, which is in agreement with the amount of 

zeolites embedded in luffa fibres (see TG results). The specific surface area, micropore, and 

mesopore volumes of ZLC are summarized in Table 3. The decrease of the microporosity of the 

ZLC with respect to the pure zeolite is expected and this corresponds to the amount of EMT-type 

nanosized crystallites embedded in the luffa fibers (24.7 %). The hysteresis loop at high relative 

pressure reveals the presence of mesopores in the zeolite and zeolite/luffa composite, which is 

expected to facilitate the diffusion as well as the ion exchange. The mesopores of the ZLC is 

similar to that of pure EMT-type zeolite (see insert in Fig. 4). The results reveal that the ZLC has 

a hierarchical structure containing a high amount of zeolite nanoparticles with well-developed 

micropores, inter-particle mesopores and hollow macro-channels oroginated from the luffa 

fibers. 

 

3.2. Removal of heavy metals from water 

The as-prepared EMT-type zeolite and zeolite/luffa composite are used for removal of Cu2+, 

Co2+, Fe3+, and Mn2+ from double distilled water. These experiments were performed for 250 

minutes and compare with the performance of pure luffa fibers. The UV-vis spectra were 

collected from the water samples under treatment every 15 minutes and display in Figs. 5 and 6 

(UV spectra of water samples treated with pure luffa are not shown). A faster decrease of the UV 

band at 510, 810, 320, and 300 nm which correspond to the removal Co2+, Cu2+, Fe3+, and Mn2+, 

respectively from water with pure EMT-type zeolite is measured and used as references. After 

the first five minutes of treatment, the intensity of the UV bands decreased considerably, then 

decline slowly with time, and after 250 min stays unchanged. Based on these results, the removal 

degree for the heavy metals is calculated and presented in Fig. 7. It is found that the sorption 



capacity of pure EMT-type zeolite is decreased in the following order Co2+˃ Fe3+˃ Cu2+˃ Mn2+ 

(Table 4). 

The high removal degree is resulted from the high ion exchanged capacity of pure EMT-type 

zeolite with Si/Al ratio of 1.2, and a high concentration of Na (70 mg/l). The fast adsorption of 

the havy metals with the EMT-type zeolite is explained with the small size of the crystallites (see 

Fig. 2). Moreover, the inter-crystalline mesoporosity (see Fig. 4, insert) of the EMT-type sample 

leads to an improvement of the performance of the zeolite since fast diffusion and exchange of 

the sodium for heavy metals is accomplished. The difference in the removal degree for Co2+ in 

comparison to Cu2+ and Mn2+ is explained by the different hydrated ion diameter of the cations 

(Table 5). The size of Co2+ and Fe3+ are similar (0.209 and 0.205 nm) but smaller than of Na+ 

(0.235 nm). Therefore a fast exchange of sodium for cobalt and iron is achieved. Moreover, the 

high valence of Fe3+ cations leads to a stronger solvation effect, and the different solvation 

abilities result in different hydrated cations size. The results reveal that the pure EMT-type 

zeolite shows better adsorption capacity than natural zeolites (clinoptilolite and chabazite)[31-

34]. Besides, the EMT-type zeolite performes better than the synthetic zeolites (NaP1, FAU-Y, 

FAU-X, MOR, LTA).[37,39] The use of clinoptilolite led to the removal of Ni2+, Zn2+, Cr3+, 

Cd2+ and Cu2+ with 2, 3, 4, 4, 5 %, respectively, while the treatment with NaP resulted in 20, 30, 

40, 44, 45 % purification of water, respectively.[39] 

The performance of zeolite/luffa composite for water treatment under the same experimental 

conditions is studied, and the results are depicted in Fig. 6. After the first 5 minutes, a 

tremendous decrease of the UV-bands corresponding to Cu2+, Fe3+, Co2+, and Mn2+ is observed. 

With further increase of the treatment up to 250 min, almost a complete vanishing of the band at 

320 nm corresponding to Fe3+ is measured. The removal rate for heavy metals in water treated by 

zeolite/luffa composite is 85-95%, which is higher than pure zeolite powder (65-82 %). This can 

be explained by the presence of fibrous vascular system of the luffa fibers that contribute to the 

high porosity and accessibility of the composite. In addition to the high ion-exchange capacity of 

the EMT-type zeolite nanoparticles, the high sorption properties of the three-dimensional luffa 

structure lead to fast diffusion and high sorption. The capacity of pure luffa fibers in the 

purification of waste water has been demonstrated earlier.[47] However, in the current study, the 

removal degree for heavy metals after 250 minutes is measured to be only 5-7 % (Fig. 7). 

The pH of the water affects the adsorption properties of zeolites, and the removal of heavy 



metals typically increased with increasing the pH.[40] Besides, the pH also affects the ionization 

degree of the sorbate (heavy metals) and the surface property of the sorbent (zeolite).[49] Heavy 

metal ions may form complexes with inorganic ligands such as OH- depending on the pH, ionic 

composition and the particular type of the metal concerned. The character of metal complex that 

predominates at a particular pH, also affect the selectivity of zeolite.[50] 

 In order to investigate the influence of the water hardness on the sorption capacity of zeolites, 

two different samples were prepared, one containing cobalt and calcium and the other with 

cobalt only. As can be seen, a high selectivity towards removal of Co2+ is reached (82 %), while 

57 % of Co2+ is removed from the sample containing Ca2+ as well (Fig. 8). These results can be 

explained with the smaller size of cobalt (0.209 nm) than calcium (0.242 nm), that facilitates the 

exchange of sodium for cobalt. 

 In summary, the high uptake for heavy metals removed from water is attributed to both ion 

exchange and adsorption processes. A direct replacement of monovalent sodium by divalent or 

trivalent heavy metals takes place during the first several minutes of treatment. The heavy metals 

exchanged with Na-EMT-type were essentially stoichiometric, and takes place in the 

microporous of the zeolite crystals. The use of nanosized EMT-type zeolite supported on luffa 

facilitates the diffusion through the pores and demonstrates improved sorption capacity by 

increasing the contact surface area. Besides, the hollow structures of the luffa fibers improve the 

sorption capacity of the composites. Both the zeolites and the luffa fibers are porous and have 

high stability (mechanical and hydrothermal) due to their crystalline and semi-crystalline 

structures, respectively. Therefore recycling of the zeolite/luffa composites will be possible. 

 

4.    Conclusions 
 

The crystallization of nanosized EMT-type zeolite in natural luffa fibers yielding zeolite/luffa 

composite for water purification is reported. Four types of heavy metals (Cu2+, Co2+, Fe3+, and 

Mn2+) were removed from water samples by pure luffa fibers with an average removal degree of 

5.5 %, while with pure EMT-type zeolite a removal degree between 61 and 82 % is achieved. 

Besides, the zeolite/luffa composite shows improved capacity toward the Cu2+, Co2+, Fe3+, and 

Mn2+ cations, resulting in almost 85-95 % elimination from water within 250 minutes. The 



following sequence of decreasing the heavy metals removal from the water samples by 

zeolite/luffa composite is established: Co2+>Fe3+>Cu2+>Mn2+. The composite has better 

performance in respect to pure luffa fibers and pure zeolite, which is explain with the high ion 

exchange capacity of the zeolite combine with highly accessible febrile structure of the luffa 

support. Moreover, the pure EMT-type zeolite and the zeolite/luffa composite possess enhance 

mechanical strength and long-term stability. The better performance of the zeolite/luffa 

composite than the pure zeolite is due to the more accessible porous structure due to the presence 

of macroporous luffa fibers and high crystalline microporous zeolite with inter-particle 

mesoporosity. In that case both the zeolites and the bulk luffa have better contact with the heavy 

metals resulting in high adsorption degree. Besides fast diffusion, high contact area and high 

sorption capacity of the zeolite nanoparticles embedded within the natural fibers is observed. 

Both materials, i.e., EMT-type zeolite and luffa fiber are yielding an environmentally friendly 

zeolite/luffa composite, which is particularly appropriate for waste water purification. 
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Tables 

Table 1. Composition of luffa fibers. 

 

 

Table 2. Chemical composition of pure EMT-type zeolite and zeolite/luffa composite (ZLC). 

Concentration (mg/l) Na Al Si 

EMT-type  zeolite 69.50 81.80 102.70 

Zeolite/luffa composite  79.42 72.69 93.35 

 

 

 

 

 

 

 

Component Content (wt.%)

Ash 0.7 ± 0.2

Extractives 3.1 ± 0.5

Total lignin 15.2 ± 1.0

Cellulose 65.5 ± 0.5

Hemicellulose 17.5 ± 0.5



 

Table 3. Results for pure EMT-type zeolite, pure luffa fibers and zeolite/luffa composite (ZLC) 

derived from nitrogen sorption measurements. 

 

 

Table 4. Removal degree of heavy metals from water samples by pure luffa fibers, pure EMT-

type zeolite, and zeolite/fiber composite (ZLC). 

 

 

 

 

 

 

Samples SBET Sext Vmicro Vmeso dmeso
a Vtotal

EMT zeolite 560.00 240.00 0.16 0.89 16 1.05

Luffa fiber 0.16 0.00 0.00 0.00 0.00 0.00

ZLC 70.00 35.00 0.015 0.10 22 0.115

SBET: surface area (m2 g-1), Vmicro: micropore volume (cm3 g-1)
Sext: external surface area (m2 g-1), Vmeso: mesopore volume (cm3 g-1)
dmeso: average mesopore size (nm). a determined by BJH method.

Metal cations Luffa fiber EMT zeolite ZFC

Cu2+ 5 % 65% 85% 

Co2+ 5.5 %  82% 95% 

Mn2+ 6% 61% 82%

Fe3+ 7% 70% 90% 



 

Table 5. Properties of metal ions in water. 

 

a dion-W: the distance between ion and water molecule center.[48]  

 

Figure captions 

Fig. 1 XRD patterns of (a) pure luffa fibers (b) ZLC, and  (c) pure EMT-type zeolite. 

Fig.  2 SEM micrographs of (a, b) pure luffa fibers, and (c, d) zeolite/luffa composite at different 

magnifications. 

Fig. 3 TG curves of (a) pure luffa fibers, (b) zeolite/luffa composite, and (c) pure EMT-type 

zeolite. 

Fig. 4 Nitrogen adsorption/desorption isotherms of (a) pure luffa fibers, (b) zeolite/luffa 

composite, and (c) pure EMT-type zeolite. 

Fig.  5 UV-vis spectra recorded from water samples containing (a) Co, (b) Cu, (c) Mn and (d) Fe 

under treatment with pure EMT-type zeolite for 250 minutes. 

Fig.  6 UV-vis spectra recorded from water samples containing (a) Co, (b) Cu, (c) Mn and (d) Fe 

under treatment with zeolite/luffa composite for 250 minutes. 

Counter iondion-W
a (nm)Crystal ion size 

(diameter) (nm)
Ion type

Cl-0.2350.240Na+

Cl-0.2420.246Ca2+

NO3
-0.2090.144Co2+

SO4
-0.2150.146Cu2+

NO3
-0.2190.166Mn2+

NO3
-0.2050.130Fe3+



Fig. 7 Removal of (a) Co, (b) Cu, (c) Mn and (d) Fe from water using (¾) pure luffa fiber, (�) 

pure nanosized EMT-type zeolite, and (À) zeolite/luffa composite (ZLC). 

Fig. 8 Removal of Co from double distilled water containing ° (Ca2+ and Co2+), and ¿ (Co2+) 

with pure EMT-type zeolite. 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 8 

 

Highlights 

- Crystallization of EMT-type zeolite nanoparticles on luffa fibers.  

- Zeolite/luffa composite is used for the removal of heavy metals (Cu2+, Mn2+, Co2+ and Fe3+) 

from water.  

-Above 95 % of the heavy metals are removed by zeolite/luffa composite.  

- Both the zeolite and the luffa fibers are environmentally friendly.  
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