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Abstract
This work aimed at treating OMW by developing an environmentally friendly and cost-effective media capable of removing 
phenolic compounds upon the interaction between magnetic nanoparticles and sorbent material such as zeolite. Magnetite 
 (Fe3O4) and goethite (FeO(OH)) nanoparticles were prepared using the microemulsion method by using dimethylene-1,2-bis 
(dodecyl dimethyl ammonium bromide) (CTAB) as a surfactant. The prepared nanoparticles had magnetic properties. X-Ray 
Diffraction (XRD), and Transmission Electron Microscope (TEM) were used for the structural and morphological characteri-
zation. The average crystalline sizes for magnetite and goethite obtained from TEM were 7–16 and 5–14 nm, respectively. 
The nanocomposite media of magnetite and goethite with zeolite were prepared via coupling natural Jordanian zeolite with 
magnetic nanoparticles using two approaches; mixing and coating. The adsorption process of phenolic compounds was 
analyzed by the direct photometric method after treating real samples with nanocomposite media at different conditions. In 
the batch experiment, the optimum conditions were percent of media to OMW 3%, contact time 3 days, pH of 5, and room 
temperature. Results revealed that the percent removal of phenolic compounds was 79% and 80% for magnetite/zeolite and 
goethite/zeolite, respectively using the mixing approach, while with coating approach of magnetite/zeolite, the percentage 
removal was 75%. A significant improvement of % removal from 61 to 93% was observed with the new composite media of 
granular activated carbon (GAC) with various percentages to the  (Fe3O4, FeO(OH)/zeolite) even at pH of 3.

Keywords Nanoparticles · Microemulsion · Magnetite · Goethite · Nanoparticles · Surfactants · CTAB · Phenol · Olive mill 
wastewater · OMW

1 Introduction

Olive cultivation is one of the most exclusive cultivations in 
the Mediterranean basin. Jordan is one of the leading coun-
tries in olive oil production and it is considered an impor-
tant cash crop representing an important source of income. 
In Jordan, olive trees cover around 131,000 hectares of its 
area, with about 17 million trees planted mainly in the north-
ern region of Jordan, representing around 50% of the total 
number of trees in Jordan. Around 73% of olive trees are 
used in producing olive oil [1]. Different methods are used 
for the extraction of olive oil, such as pressing (traditional), 
centrifugation (continuous), three-phase decanter, and two-
phase decanter [2, 3].

Since Jordan is among the top ten olive-producing coun-
tries in the world, it has more than 20 million olive trees and 
130 olive mills located throughout the Kingdom. More than 
90% of them are supplied with modern and full-automatic 
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production lines with 272 lines and 378 tons/h production 
capacity [4, 5]. Seventy percent of the mills are located in 
Northern Jordan, whereas the rest are in the middle (22%) 
and the south (8%). However, olive oil production process 
usually yields next to olive oil (20%), semisolid waste (30%), 
and aqueous liquor (50%), which is olive mill wastewater 
(OMW) or zibar as named locally in Jordan [6].

OMW is characterized as acidic (pH in the range 3.5–5.5), 
dark-colored with strong olive smell, high fatty oil, high val-
ues of COD, BOD, COD/BOD ratio, phenolic compounds 
(0.5–24 g/L), and good electrical conductivity. OMW con-
sists of a high amount of sugars, inorganic compounds, 
organic acids, and high hazardous organic compounds (poly-
phenols) [7–10]. These polyphenolic compounds and their 
derivatives have an impact on humans, plants, and animals, 
usually through direct exposure causing impairment of the 
nervous system, damaging the liver and kidney, and caus-
ing diarrhea [11]. Moreover, polyphenols impair the bio-
degradable activity of microorganisms, release phytotoxic 
compounds that affect the aquatic organisms, physiological 
processes in plants, and suppress soil microorganisms [2, 
12, 13]

Hence, olive oil-producing countries face a crucial prob-
lem in finding environmental and economical solutions for 
handling OMW and preventing its pouring into valleys and 
water reservoirs. A huge amount of highly toxic liquid waste 
(ranging from 3 to 70 million  m3) is produced seasonally 
(from October to December) worldwide [2] and 200 000  m3 
are produced in Jordan [4, 5]. Therefore, it is important to 
treat this contaminated water before its discharge into public 
waterway systems.

Several technologies have been developed to improve the 
quality of OMW and sequester phenolic and organic com-
pounds [14], including biological methods like the addition 
of anaerobic [15–17] or aerobic cultures [18–20], physico-
chemical [14, 21–26] and ozonation with electrocoagulation 
[27] in addition to chemical methods like using Fenton rea-
gent [28, 29], surfactants [21, 23], and adsorption processes 
[6, 11, 30, 31]. Some techniques showed high effectiveness 
for wastewater treatment application due to their simplicity, 
no odor emissions, and ease of design but have some limi-
tation such as high cost and toxicity [32]. Al-Bawab et al. 
have developed and characterized different cost-effective 
and eco-friendly media; for instance one of them consisting 
of oxidized granular activated carbon (GAC-OX) and non-
oxidized granular activated carbon (GAC) impregnated with 
nonionic surfactants to adsorb phenolic compounds from 
OMW [24], others were devolped by using several smart 
media [25, 26].

Recently, nanotechnology has emerged as a fascinating 
technology for removing and purifying wastewater from 
various contaminations such as heavy metals, color, bio-
logical toxins, inorganic, organic solvents, and pathogens 

that cause diseases such as typhoid fever and cholera 
[33]. Moreover, the unique physicochemical properties of 
nanomaterials, in addition to their large surface-to-volume 
ratio, have made them powerful adsorbents for pollutants’ 
removal from wastewater [33–36]. Several researches have 
investigated the effect of different nanomaterials for its use 
in wastewater treatment, including activated carbon, car-
bon nanotubes, zinc oxide, titanium oxide, and several iron 
oxides such as magnetite  (Fe3O4), maghemite (Ƴ-Fe2O3), 
hematite (ᾳ-Fe2O3), ferrihydrite, goethite, and lepidocroc-
ite [37, 38] [21, 39, 40].

Several studies have investigated the effectiveness of 
iron oxides nanoparticles in wastewater treatment. For 
instance, Lakshmanan studied the application of magnetic 
nanoparticles with reactive filter materials to treat sewage 
wastewater. Magnetic nanoparticles were synthesized by 
microemulsion and conventional co-precipitation meth-
ods [41]. Nassar et al. used iron oxide nanoparticles as an 
adsorbent to treat OMW rapidly due to the high surface 
area of the nanoparticles, which provides more active sites 
for the adsorption process. The results indicated successful 
removal of the COD and phenolic compounds [34]. Also, 
Sharma et al. have used iron oxide nanoparticles as an 
adsorbent for arsenic removal from wastewater [42]. At 
the same time, Elfeky et al. used  Fe3O4 nanoparticles com-
posite to remove the Cr(VI) from wastewater at strongly 
pH-dependent. Overall, it can be concluded that the  Fe3O4 
has high efficiency in the remediation of wastewater with 
the advantage of low-cost and high applicability easy col-
lection from the Cr (VI) contaminated wastewater [43].

In another study, Das et al. used green syntheses of two 
natural products coated by magnetite, which effectively 
removes the content of wastewater such as the organic 
materials and toxic metal ions. These magnetite nanopar-
ticles can work as an antioxidant and antibacterial agent 
[44].

Iron oxides, including oxides (magnetite) and oxy-
hydroxides (goethite), in nanoscale have exhibited great 
potential for many technological applications due to their 
crystalline nanostructure, morphological and magnetic 
properties [39, 45]. Goethite (ᾳ-FeO(OH)) is a red-brownish 
color that exhibits an orthorhombic symmetry with a specific 
surface area of 8–200  m2/g. Goethite is a candidate for appli-
cations in water purification to remove toxic ions [39, 46]. 
Magnetite  (Fe3O4) is a black ferromagnetic mineral that has 
two iron cations; Fe(II) and Fe(III). The crystalline structure 
forms include octahedron and rhombodecahedron and have 
a specific surface area of 4–100  m2/g [39, 46]. Utilization 
of magnetite and goethite nanoparticles to wastewater treat-
ment design can lead to easiness in separation the waste 
from the medium using simple magnetic process, resulting 
in efficient, economical, scalable, and nontoxic techniques 
[45, 47].
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Different routes and methods have been used to prepare 
nanoparticles, these include hydrothermal [48, 49], micro-
wave, laser ablation, sol–gel, electro-deposition, co-precipi-
tation, and the microemulsion methods [39, 50–52]. Among 
these, microemulsion method is considered a recent method 
for nanoparticles’ preparation. A microemulsion system is a 
heterogeneous mixture containing surfactant, oil, and water 
mixed to form small enough droplets of an immiscible phase 
(non-polar or polar) dispersed in another phase (continuous 
phase). Surfactants and co-surfactants are added to lower 
interfacial tension between the two phases (immiscible and 
continuous phases) to stabilize these droplets leading to 
microemulsions being thermodynamically stable [50, 53, 
54].

According to the nature of dispersed phases “Bancroft 
rule,” two types of microemulsions are (O/W) oil-in-water 
(micelle) and (W/O) water-in-oil (inverse micelle). Inverse 
micelle can be employed to control the shape and size of iron 
oxides nanoparticles. This also regulates the particle size 
distribution by controlling the amount of oil/water/surfactant 
mixture [50]. Geng et al. reported the synthesis of goethite 
nanoparticles by microemulsion method using copolymer 
[55]. Chin and Yacob synthesized magnetic iron oxide nano-
particles by inverse micelle microemulsion. Magnetite nano-
particles were prepared by the W/O microemulsion method 
using several surfactants (SDS, Brij 30, DTAB, and CTAB) 
[56]. Results showed that the structure of the surfactant plays 
a role in regulating the nanoparticles’ microstructure [50]. 
Asab et al. prepared  Fe3O4 nanoparticles via microemul-
sion method using Tween-80 and SDS surfactants at vary-
ing temperatures and precursor concentrations. Thus, the 
microemulsion method was an effective method for getting 
controllable size nanoparticles [57]. However, this method 
suffers from two disadvantages: the use of large amounts of 
water in the washing step to get rid of excess surfactant and 
the low yield of nanoparticles [39].

Magnetite nanoparticles can be coupled with activated 
carbon, clay, or zeolite to enhance their adsorption capacity. 
For instance,  Fe3O4/bentonite nanocomposite was prepared 
by the chemical co-precipitation method and was used for 
the adsorption of methylene blue from aqueous solutions. 
The adsorption capacity of the nanocomposite increased by 
increasing the contact time and the initial solution pH; how-
ever, it decreased by increasing the mass of the adsorbent 
[58]. Synthetic or natural zeolites are widely used in waste-
water treatment, waste gas treatment, and in agriculture. It is 
a promising candidate for nanoparticles support and hosting. 
Jahangirian et al. and Nyankson et al. synthesized zeolite/
Fe3O4 nanocomposite directly by precipitation method in a 
one-step reaction [59, 60].

The goal of this research is to create a green and cost-effec-
tive media that can remove organic and phenolic compounds 
through the interaction of magnetic nanoparticles (magnetite 

and goethite) with different ratios of sorbent materials (zeolite) 
using mixing and coating approaches, and using (GAC) with 
various percentages of  (Fe3O4, FeO(OH)/zeolite) that will pro-
vide highly effective, reusable, and environmentally friendly 
OMW treatment in a laboratory and controlled industrial scale. 
The percent removal of phenols was determined at various 
contact times between the media and OMW, different media 
to OMW percentages, different temperatures, and different pH 
levels.

2  Experimental

2.1  Reagents and materials

The following chemicals were used: iron(II) chloride tet-
rahydrate (BBC chemicals, Ghana), iron(II) sulfate heptahy-
drate (DaeJung Chemicals & Metals, Korea), iron(III) chlo-
ride hexahydrate (Fisher, Japan), hexanol (Scharlau, Spain), 
heptane (DaeJung Chemicals & Metals, Korea), methanol 
(MERCK, Germany), absolute ethanol (S&C UK), sodium 
hydroxide (Jinhuada, China), ammonia (25%  NH3) (LAB-
CHEM, USA), Natural zeolite (Al-Mafraq, Jordan), dimeth-
ylene-1,2-bis(dodecyl dimethyl ammonium bromide) (CTAB) 
(Scharlau, European Union), phenol (Acros, USA), potassium 
dihydrogen phosphate (Purum, Switzerland), potassium ferri-
cyanide (Peking’s, China), di-potassium hydrogen phosphate 
(Riedel–de Haen, Germany), 4-amino antipyrine (Purum, 
Switzerland), ammonium hydroxide (Konover, USA), Calgon 
MRX-P granular activated carbon (GAC) was obtained from 
Calgon Carbon Corporation. In all experiments, distilled water 
was used.

2.1.1  OMW samples

OMW used in this study was collected from the sink of waste-
water olive mill (Bilal plant-Jordan). It is a modern automated 
mill located in northwestern Jordan, in Balqa governorates 
(Mahis–Balqa). Upon reception, the OMW samples were fil-
trated to get rid of the total suspended solids (TSS) materials. 
The pH was adjusted to be in the range 2–3 by the addition of 
hydrochloric acid (2 M) to avoid phenolic compounds decom-
position. The samples were stored in dark aspirators at 22 °C 
to avoid photodecomposition. The general characterizations of 
olive mill wastewater are summarized in Table 1 [61].
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3  Preparation of nanoparticles

3.1  Preparation of nanoparticles 
and nanocomposites

3.1.1  Preparation of goethite nanoparticles

The synthesis process was performed by mixing two micro-
emulsion systems with identical reagents but different in the 
aqueous phase-type; one containing metal ions and another 
containing precipitating agent. The first microemulsion solu-
tion contained metal salts of  FeCl2.4H2O and  Fe3Cl3.6H2O 
with an adjusted ratio of  Fe3+/Fe2+ (2:1), 30% of water, 30% 
of CTAB, 40% hexanol. The second microemulsion con-
tained 45% ammonia as precipitating agent dispersed in the 
CTAB/hexanol. The two microemulsions were mixed under 
stirring for 3:30 h at 27 °C to obtain the nanoparticles, then 
separated and dried in an oven at 40–50 °C; (the reaction 
was done under normal atmospheric pressure) [50].

3.1.2  Preparation of magnetite nanoparticles

Two grams of CTAB were dissolved in 20.0 mL of heptane 
and 12.0 mL of hexanol. The microemulsion was prepared 
by shaking the mixture for 20 min at 40 °C under argon 
atmosphere. Then 0.5 mL of 0.5 M of iron (II) sulfate was 
added to the microemulsion. After 2 min, 1.0 mL of 0.5 M 
of aqueous iron (III) chloride was also added when the color 
changed to brown. Another microemulsion containing the 
same oil and surfactant phase, but differs in containing 
2.0 mL of ammonia (25%  NH3) solution, was added drop-
wise with vigorous stirring at 70 °C. The magnetite was 
formed, and the color quickly turned black. The mixture was 
heated at 70 °C for 3 h. The product was left to standstill 
for 2 h before being washed with ethanol and water. Finally 
separated and dried in an oven at 50 °C [50].

3.1.3  Preparation of magnetic nanocomposites

Magnetic nanocomposites were prepared by addition of 
nanoparticles (goethite or magnetite) to natural zeolites. 
Two approaches were used as follows: mixing and coating.

3.1.4  Preparation of nanocomposite media  (Fe3O4 
or FeO(OH)/zeolite) using mixing

A mixture of 0.1 g natural zeolite, 100 mL distilled water, 
and 0.1 g of the nanoparticles (magnetite or goethite) was 
placed in a flask and stirred vigorously for 30 min. During 
stirring, 20 mL of 2.5 M of NaOH were added dropwise. 
The mixture was stirred for 30 min. Finally, the synthesized 
nanocomposite was filtered, washed with distilled water, and 
air-dried at room temperature.

3.1.5  Preparation of nanocomposite  Fe3O4/zeolite media 
using coating

The coating method is considered environmentally friendly 
due to using non-hazardous solvents and low-cost raw mate-
rials. Four grams of zeolite were added to 40 mL of distilled 
water followed by stirring to make a homogenous suspen-
sion. After that, a solution of  (FeCl3 and  FeCl2) was added 
with a molar ratio of 2:1 then stirred for 30 min. The mix-
ture was stirred vigorously and 20 mL of 2.5 M NaOH was 
slowly added and stirred for another 30 min. The synthesized 
product was filtered, washed with distilled water, and finally 
air-dried at room temperature [59].

3.1.6  Preparation of nanocomposite media  (Fe3O4, 
FeO(OH)/zeolite via mixing) with GAC 

Nanocomposite  (Fe3O4, or FeO(OH)/zeolite) prepared via 
mixing was mixed with GAC at different ratios to study 
its influence on adsorption capacity towards phenolic 
compounds.

3.2  Adsorption of phenolic compounds 
on nanocomposite media

At room temperature (25 ± 2 °C), batch adsorption experi-
ments were performed by soaking media of  (Fe3O4 or 
FeO(OH)/zeolite) with OMW in a test tube. Sample mix-
tures were vigorously shaken on vortex for 2 min then left 
overnight with shaking. The suspension mixtures were sepa-
rated by centrifugation. The clear supernatant was analyzed 

Table 1  Characterization of 
OMW used in this study (a the 
unit is µg/L; otherwise, it will 
be indicated) [61]

Parameter Valuea Parameter Valuea

Total chemical oxygen demand (COD) 40.0–220.0 Organic nitrogen 0.154–1.106
Soluble COD 32.0–176.0 Carbohydrate 3.0–80.0
Biochemical oxygen demand  (BOD5) 23.0–100.0 Phosphorous 0.1–0.9
Polyphenols 5.0–80.0 Magnesium 0.2–0.9
Total dissolved solid (TDS) 30.60–58.20 pH 3.0–5.9
Total volatile solids (TVS) 21.30–45.90 Total bactreria  (106 col/mL) 5
Total suspended solid (TSS) 1.40–36.0 Total yeasts and fungi  (106 col/mL) 5
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using UV/Visible Spectrophotometer (Direct photometric 
method).

In order to optimize the adsorption process, several fac-
tors were studied such as contact time, nanoparticles ratio in 
media, pH, and temperature using real OMW samples. The 
effect of contact time between OMW and the sorbent media 
was evaluated by analyzing phenolic compounds’ removal 
for up to four days. The phenolic compunds’ removal was 
also evaluated at two adsorbent to OMW ratios (3% and 5%) 
at optimum contact time. In addition, the method of adsor-
bent preparation (mixing or coating) was also evaluated. The 
effect of nanoparticles’ content in the adsorbent was evalu-
ated by varying the nanoparticles’ ratio from 1.0 to 10%. 
Three temperatures using water bath (4, 25, and 37 °C) were 
also tested to determine the effect of temperature variation 
on phenols’ removal, whereas the pH effect on the removal 
was evaluated in the range 3 to 11 (noting that the pH of 
fresh OMW is 5, but it is usually adjusted to 3 by the addi-
tion of HCl to prevent degradation of OMW real samples 
upon storage). The effect of GAC ratio was also taken into 
consideration; several GAC to magnetite and goethite ratios 
were tested ranging from 20 to 50%.

4  Characterization methods 
and instruments

4.1  Characterization of nanoparticles

The morphological analysis of nanoparticles (magnetite 
and goethite) was performed by X-Ray Diffraction (XRD) 
with MoKà1 radiation to confirm their formation. Trans-
mission electron microscopy (TEM) was used to study the 
morphology and determine particle size of the synthesized 
nanoparticles.

4.2  Characterization of treated OMW

A series of phenol standards (0.5, 1.0, 1.5, 2.0, and 2.5 ppm) 
were prepared to construct a calibration curve. The blank, 
standards, and samples were all treated the same way by the 
direct photometric method: ammonium hydroxide (0.5 M, 
2.5 mL) was added, and the pH was immediately adjusted 
to 7.9 ± 0.1 using phosphate buffer; then, 4-amino antipy-
rine solution (1.0 mL) and potassium ferricyanide solution 

(1.0 mL) were added and mixed. After 15 min, the absorb-
ance at 500 nm was determined.

5  Results and discussion

5.1  Preparation of nanoparticles by microemulsion 
method

Surfactants occupy an important role in nanoparticles’ syn-
thesis by adsorbing to the surface of formed nanoparticles 
and lowering it is surface energy [60]. Magnetic nanoparti-
cles (magnetite and goethite) were synthesized using water 
in oil microemulsion. For  Fe3O4, the microemulsion solution 
contained heptane as the oil phase, hexanol as the co-sur-
factant, and N,N,N-Trimethylhexadecan-1-aminium bromide 
(CTAB) as the surfactant in the surfactant phase. FeO(OH) 
nanoparticles were also prepared using the same surfactant 
(CTAB) by mixing two microemulsion solutions where the 
aqueous phase contained a metal salt and the reducing phase 
contained a reducing agent. The surfactant structure affects 
the regulation of the microstructure of nanoparticles crystal 
such as headgroup charge, hydrophobic chain length, and 
head group size. Figure 1 shows the structure of CTAB, 
which is a cationic surfactant that has a long hydrophobic 
chain (16 carbon atoms). According to critical packing 
parameter theory, an increase of hydrophobic chain length 
leads to a bigger critical packing parameter, which favors the 
formation of reverse micelles, while the ammonium head-
group size of CTAB is more favorable for the formation of 
reverse micelles due to the small size [50]. Furthermore, 
CTAB is easy to handle and inexpensive. These magnetic 
particles were easily separated by a magnet, and the synthe-
sis was efficient, and non-toxic materials were used.

5.2  Characterization

5.2.1  XRD and TEM characterization of magnetic materials

The XRD patterns of the two magnetic materials (magnetite 
 Fe3O4, goethite FeO(OH)) are shown in Fig. 2. The diffrac-
tograms indicate the formation of goethite and cubic crys-
tal iron oxide  Fe3O4, with the main (hkl) Miller indices of 
goethite like; 311, 111, (220), (511), (422), (400), and (222) 
are clearly present in the pattern. Moreover, the (hkl) values 

Fig. 1  Chemical structure of 
cetyltrimethylammonium bro-
mide (CTAB) surfactant
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for magnetite are indexed as (220), (311), and (400). Small 
amounts of impurity phases are observed in the goethite pat-
tern which could not be indexed due to detection limits of 
the diffractometer. Confirmed by standard data, the intensity 

of samples’ peaks is relatively high which is an indication of 
high crystallinity [62].

Transmission Electron Microscope (TEM) images were 
used to characterize the prepared nanoparticles in relation to 
size and morphology. The TEM images showed dimensions 
in the nanoscale with an average crystalline size of magnet-
ite and goethite around 7–16 nm and 5–14 nm, respectively 
as shown in Fig. 3. The TEM images for goethite showed 
acicular nanoparticles (Fig. 3A1) which are similar to stand-
ard goethite TEM image (Fig. 3A2). In addition, the shape of 
prepared magnetite nanoparticles (Fig. 3B1) was very simi-
lar to standard magnetite nanoparticles (Fig. 3B2). These 
results are comparable with that reported by in literature 
[62, 63].

5.2.2  Magnetization measurements of magnetic materials

The magnetic hysteresis loops for MZ mag mixing, MZ 
mag coating, and MZG mixing roasted at room tempera-
ture are shown in Fig. 4. It is obvious that the saturation 
magnetization of MZG Mixing is about three times larger 
compared with the saturation magnetization of both MZ 
mag samples. The magnetic loops of MZ mag samples 
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have quite ferromagnetic characteristics, and the saturation 
value of the magnetization goes up to 0.6 emu/g at room 
temperature when the applied magnetic field is up to about 
2000 mT. However, the goethite sample shows a trend of 
ferromagnetic characteristics up to about 2000 mT with a 
saturation trend starting at 2000 mT with a magnetization of 
1.6 emu/g. We believe that, for all samples, further increas-
ing the applied magnetic field will slightly increase the value 
of magnetization and it will be kept constant with a quite 
negligible hysteresis. Therefore, we could conclude that due 
to the relatively low magnetization of the sample, higher 
applied magnetic fields are needed in such experiments to 
see clearly the magnetization hysteresis curves.

5.2.3  Characterization of zeolitic tuff

The chemical composition of natural Jordanian zeolitic tuff 
that was collected from Tell Geis was determined using 
X-ray fluorescence spectroscopy (XRF) and the data are 
presented in Table 2.

6  Phenol determination (direct photometric 
method)

Since phenol is colorless, calibration curve construction 
based on the absorbance of phenol in the UV region (at 
λmax of 270 nm) is possible. However, it is hard to quan-
itatively determine phenol’s concentrations below 0.5 ppm. 
Alternatively, the calibration curve was constructed for the 
immediate determination of phenols, through the prepara-
tion of a series of phenol standard samples that reacted with 
4-aminoantipyrine in presence of potassium ferricyanide 
 K3Fe(CN)6, at pH (7.9 ± 0.1). The resultant mixture gave a 
reddish-brown color due to the antipyrine dye of the formed 
complex, and phenol was measured at λmax 500 nm; Fig. 5 
shows the calibration curve; the concentration was deter-
mined photometrically using this calibration curve [64].

7  Application of media on real OMW 
samples

7.1  Nanocomposite media of (Fe3O4, FeO(OH)/zeolite) 
preparation

Natural zeolite is a cheap and abundant material in Jordan, 
whereas the prepared magnetic nanoparticles are chemically 
synthesized and on a small scale. For that, it is advantageous 
to couple the magnetic nanoparticles with natural zeolite 
as an adsorbent to enhance the efficiency of phenolic com-
pounds’ adsorption and reduce the amount used of magnetic 
materials. Removal percentage of phenol was determined 
using Eqs. 1 and 2.

where  [COMW]Pre is the phenolic concentration in OMW 
pre-treatment in ppm.

[COMW]Post is the phenolic concentration in OMW post-
treatment in ppm.

The concentrations of phenolic compounds were deter-
mined using the calibration curve by spectrophotometric 
method.

(1)Removal(ppm) =
[

COMW

]

Pre
− [COMW]Post

(2)%removal(ppm) = (removal∕[COMW]Pre) × 100%

Fig. 4  Magnetization scheme of 2 types of hematite and goethite at 
room temperature. MZ mag mixing: magnetite zeolite sample pre-
pared by mixing. MZ mag coating: magnetite zeolite sample prepared 
by coating. MZG mixing: magnetite zeolite goethite sample prepared 
by mixing

Table 2  Chemical composition 
of Zeolitic tuff (Zt) Zeolite from (Geis)

W/W %
SiO2 CaO Fe2O3 Al2O3 MgO Na2O SO3 K2O
45.6 9.04 14.3 14.6 9.27 3.12 0.1 1.76
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7.2  Media evaluation

Zeolite was used as adsorption media coupled with the mag-
netic nanoparticles. The % removal of phenol was studied 
under various conditions. Tables 3 and 4 show that the % 
removal of zeolite coupled with magnetic nanoparticles is 
larger compared with zeolite alone as a control. The influ-
ence of pH on % removal was also evaluated (Table 4). Even 

though it has no considerable effect on zeolite alone (% 
removal was 48% and 50% at pH values of 3 and 5 respec-
tively), it impacted the % removal when zeolite was cou-
pled with magnetic particles. Higher pH values improved 
% removal by more than 20%. The pH of fresh OMW is 
around 5, which is suitable to obtain improved % removal 
of phenolic compounds using coupled media. However, 
when OMW is stored in the lab, the pH was adjusted to a 

Fig. 5  The calibration curve of 
phenol at λmax = 500 nm using 
the direct photometric method
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Table 3  Removal% of phenolic 
compounds with varying ratio 
of (Nps/zeolite) for each MZG 
and MZ mag nanocomposite 
media at pH 7 and different 
contact times

MZG and MZ mag media (mixing approach)
Media/OMW Amount of magnetite and goethite
5% Magnetite Magnetite
% (Nps/zeolite) 1 2.5 5 7.5 10 1 2.5 5 7.5 10
Contact time
% Removal of phenol
1 day 57 59 59 61 62 54 46 50 54 61
2 days 61 60 62 66 67 56 53 57 59 64
3 days 62 64 66 6 69 57 61 62 65 68
4 days 56 57 57 62 59 55 58 57 62 59

Table 4  Percent removal of 
phenolic compounds on MZG, 
and MZ mag nanocomposite 
media prepared with mixing 
and coating approaches, 3% 
of (Media /OMW), 3 days 
of contact time at room 
temperature

Media abbreviation:
*MZG nanocomposite media of zeolite with goethite nanoparticles (FeO(OH)/zeolite)
**MZ mag nanocomposite media of zeolite with magnetite nanoparticles  (Fe3O4/zeolite)

Nanocomposite media *(Goethite/Zeolite)
MZG

**(Magnetite/zeolite)
MZ mag

Control
(Zeolite)

Coupling approach of nanoparti-
cles with zeolite

Mixing Mixing Coating

% of (Nps/zeolite) 2.5 2.5 2.5 –-
% of (media/OMW) is 3% % removal of phenolic compounds
At pH = 3 61 64 67 48
At pH = 5 80 79 75 50
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range of 2–3 by using HCl to avoid phenolic compounds 
decomposition.

This study investigated the effect of % between media and 
raw OMW; 3% and 5% were tested. The results obtained that 
% removal of phenolic compounds was little increase with 
increase % of magnetite  (Fe3O4) and goethite (FeO(OH))/
Ziolite/Olive Mill Wastewater (media/OMW), recommended 
soaked is 3% to less consume materials.

The % removal of phenols was determined at differ-
ent contact times between the media and OMW (Table 3). 
The media were soaked with OMW from (overnight to 
1  week) with mixing at room temperature. The results 
showed % removal was increased within 3 days of soaking 
media with OMW. After more than 3 days, % removal was 
reduced, which could be attributed to phenolic compounds 
decomposition.

Different % of Nps in zeolite media were evaluated for 
% removal of phenols. The results are showed in Table 3. 
The removal % of phenolic compounds was not affected sig-
nificantly with the increase of nanoparticles’ dosage in the 
sorbent media. An increase from 1 to 10% of nanoparticles’ 
ratio improved removal of phenols by less than 5%.

Results reveal that there is a small difference in % removal 
between the prepared media magnetite  (Fe3O4) and goethite 
(FeO(OH))/zeolite, using mixing and coating approaches. 
Table 4 shows the % removal of phenol for each approach. 
The results indicate that the more basic the system is, the 
more favorable the adsorption on these media regardless of 
the desgin approaches used.

In order to study the pH effect on % removal, several 
experiments were conducted for zeolite coupled with mag-
netic nanoparticles media, the results are summarized in 
Table 5. The results showed that the optimum pH is 11. 
However, pH 5 (which is the pH of fresh OMW) gave good 
% removal of phenolic compounds; however, the pH is 
usually adjusted to 3.0 for OMW real samples in the lab 
prior to storage to reduce degration of these samples. These 
results show that immediate treatment of OMW with these 
nanocomposites media will give satisfactory results for % 
removal of phenolic compounds.

Temperature has an impact on adsorption processes 
in general, and usually higher temperatures lead to less 
adsorption which might have an impact on % removal of 
phenols. The temperature variations experienced during 
olive harvest season in Jordan (October–December) vary 
from rarely below 5 °C at night and rarely above 30 °C 
during day. It is essential to study the impact of such tem-
perature variation on the removal process. The % removal 
of phenolic compounds was determined at three tempera-
tures (4, 25, and 37 °C). The results (Table 6) indicate 
that the % removal of phenols using the nanocompsoites 
media used was not significantly affected with varying of 
temperature.

Several studies showed a favorable impact of GAC 
on adsorption. New media were prepared of  (Fe3O4, 
FeO(OH)/zeolite) and various percentages of GAC 
(20, 30, 40, and 50%) and studied for their potential to 
enhance % removal capacity of phenolic compounds. The 
results are summarized in Table 7. The media used were 
MZG and MZ mag, 2.5% of (Nps/zeolite). A significant 
improvement of % removal was observed with these new 
composite media even at pH 3.

Table 5  Effect of pH on % 
removal for zeolite coupled with 
magnetic nanoparticles

Nanocom-
posite media

MZG MZ mag

pH % Removal 
of phenolic 
compounds

3 61 64
5 80 79
7 85 86
9 86 90
11 91 91

Table 6  The effect of temperature on % removal of phenolic com-
pounds

Nanocomposite media Temperature

4 °C 25 °C 37 °C

% removal of phenolic com-
pounds

MZG 2.5% (Nps/zeolite) 56 64 63
MZG 10% (Nps/zeolite) 61 69 68
MZ mag 2.5%
(coating approach)

61 70 68

Table 7  % removal of phenolic compounds with new media com-
posed of  (Fe3O4, FeO(OH)/Zeolite) with ratio 2.5% of (Nps/zeo-
lite) + X% of GAC, at room temperature at pH = 3 and 3 days of con-
tact time.

Nanoparticles Media % Removal

Goethite MZG + 20% GAC 82
MZG + 30% GAC 86
MZG + 40% GAC 88
MZG + 50% GAC 91

Magnetite MZ mag + 20% GAC 78
MZ mag + 30% GAC 85
MZ mag + 40% GAC 89
MZ mag + 50% GAC 93

Without GAC MZG 64
MZ mag 61
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8  Conclusion

• It can be concluded that there was no impact of mix-
ing and coating approaches on % removal. In addi-
tion, the % removal was not altered significantly with 
increasing ratio of nanoparticles in the nanocomposite 
media (Nps/zeolite) and percent of (media/OMW). As 
for the equilibrium time, 3-day contact time was ade-
quate. When more contact time was applied (more than 
3 days), the adsorption process was reversible. While 
the % removal of phenolic compounds was increased 
with more basic OMW and vice versa, it was found 
that a pH of 11 was the optimum. In addition, adding 
GAC to the nanocomposite media enhanced the adsorp-
tion capacity of phenolic compounds. A temperature 
variation in the range 4–30 °C, which is the common 
temperature variation, had no significant effect on the 
effectiveness of phenolic compounds’ removal using 
the nanocomposite and new nanocomposite media that 
were under investigation in this study.
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