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ABSTRACT

The Leucaena leucocephala L. is a medium size, fast growing plant belonging to Fabaceae family. It is called
a miracle tree due to its medical and antibacterial properties. The important applications of Nps in water treat-
ment are purification and remediation. Through the utilization of the leaf extract of the Leucaena leucocephala
(Lam). Plant. The purpose of this research is to synthesize nanoparticles of zinc acetate (ZnO), iron oxide (FeO),
and iron-doped zinc acetate (Fe doped ZnO) utilizing environmentally friendly synthesis techniques. In order to
characterize these particles, a technique known as Fourier transform infrared spectroscopy (FTIR) and scanning
electron microscopy (SEM) were utilized. These two distinct methods confirmed the creation of nanoparticles
composed of zinc oxide, iron oxide, and iron-zinc oxide. This study employed ZnO, FeO and Fe doped ZnO
nanoparticles to remove crude oil from water in pH 4, 7 and 10 in various time. For the purpose of determin-
ing how well oil is removed, the total organic carbon methods (TOC) were measured. Although the maximum
removal efficiency RE% of oil in oily water treated by ZnO Nps was 92% in pH (10), the highest RE% in oily
water treated by FeO Nps was 97% in pH (7 and 10). Both of these results were obtained in oily water. At pH
levels of 7 and 10, the RE% of oil in oily water that had been treated by Fe-ZnO Nps achieved their highest
point of 99%. The findings suggested that the utilization of ZnO, FeO, and Fe-doped ZnO nanoparticles as a
coagulant was an environmentally friendly and efficient method for removing oil from water that had been pol-
luted by crude oil.
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INTRODUCTION

technologies are available for wastewater treat-
ment, this includes membrane separation and

Huge amounts of produced water contami-
nated with oil and other constituents are gener-
ated during the crude oil industry and extraction
of gas, which would have contaminated the en-
vironment if not removed with adequate treat-
ment (Zhang et al., 2020). Oil in water shows
as a small sized droplet, known as oil in water
(O/W) emulsion (Li et al.,2020) which is diffi-
cult to treat, in contrast to other types of pollut-
ants (Shartooh et al., 2018; Kong et al., 2020).
The chemicals used during the processing of oil
and gas decrease the interfacial surface tension
and reduce the zeta potential of the mixture,
thus increasing the stability of the emulsions
(Peng et al., 2012). It is crucial to treat produced
water before elimination. A huge number of

flotation (Tawalbeh et al., 2018), electrodialy-
sis, electrochemical separation and adsorption
(Al Bsoul ef al., 2019). One of the most critical
hurdles of these technologies is the high cost of
installation and maintenance (AL-Ghouti et al.,
2019). The utilization of low-cost adsorbents
can potentially decrease the cost of maintenance
and installation. It is important to consider the
separation efficiency, recyclability, and porosity
of the adsorbents for an effective adsorption pro-
cess (Al Batrni et al., 2019). Nowadays, the use
of nanoparticles in environmental applications
such as metals recovery, electro-catalysis and
oil removal has gained special attention (Kong
et al., 2020). The importance of using nanopar-
ticles for environment to improve the efficiency
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of water treatment, soil remediation and air pol-
lution (Kumar, 2023). Previous studies display
that the successful used of NPs in such applica-
tion is related to the well-defined surface mor-
phology, excellent adsorption capacity, well-de-
termined physical properties, biocompatibility,
high dispersion, low cytotoxicity and simple
separation from multiphase composite (Zhang
et al., 2020; Ismail et al., 2022). Besides be-
ing less time consuming, and cost-effective, ad-
sorption noticeably reduces the concentration
of contaminants, making it emerge through the
afore-mentioned technologies (Shahnaz et al.,
2020). Zinc oxide is a substantial photocatalyst
cause of its high photocatalytic activity, non-
toxic nature, relatively environmentally stable
behavior and low cost (Rosil et al., 2018). Iron
oxide nanoparticles (Fe,O,) are known for their
magnetic properties, biological adaption, envi-
ronmentally friendly nature, their high capabil-
ity to take off organic pollutant from water and
large surface to volume ratio (Damasceno et al.,
2020). The Fe-doped Zno nanoparticles can re-
inforce antibacterial and magnetic properties,
numerous methods have been applied for the
transition metal-doped ZnO nanoparticles, these
techniques involved the utilization of harm-
ful chemical solvents that adversely influenced
the environment (Bousslama et al., 2017). The
green synthesis of nanoparticles has attracted
great attention due to increasing demand for en-
vironmentally friendly science and nanostruc-
tures (Xiaoqiang et al., 2019; Mohammed et al.,
2024; Al-Khafaji ef al., 2025) and due to plant
species diversity and plenty, which supply sub-
stantial source of bioactive compound for syn-
thesis of nanoparticles (Rashwan et al., 2024).
Green synthesis of nanoparticles has become
common due to their cost-effectiveness, eco-
friendliness, biocompatibility, stability, repro-
ducibility and control over shape and size is cru-
cial to improve their practical application (Os-
man et al., 2024). There are many reports of NPs
applied in scopes of water treatment (Hussain et
al., 2024; Kamel et al., 2023; Hassan and Mah-
mood, 2019a; Hassan and Mahmood, 2019b). In
the present study, Leucaena leucocephala plant
was selected due to its great importance as an-
tidiabetic, medical advantages such as usage as
contraception, against stomach ache, in addition
to having important cancer chemo-preventive
and antiproliferative properties (Gamal-Eldeen
et al., 2007). The leaf of leucocephala offers a
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great potential, as a source of inexpensive plant
protein with highly nutritive value (Meena et al.,
2013). In the present study, the undoped ZnO,
undoped FeO and doped Fe- ZnO nanoparticle
were used to remove crude oil from water.

MATERIALS AND METHODS

Fresh leaves of Leucaena leucocephala L.
were collected from the Baghdad university gar-
den, weighed (30 g), and rinsed with tap water to
eliminate dust, followed by rinsing with distilled
water. Subsequently, the washed leaves of Leu-
caena leucocephala L. were ground in 100 ml of
distilled water, filtered through a Whatman filter
paper (No. 1), and then centrifuged at 6000 rpm
for 25 minutes. The supernatants were re-filtered
and subsequently refrigerated at 4 °C for future
use. (Bashi et al., 2013).

Preparation of undoped zinc oxide (ZnO),
undoped iron oxide (FeO) nanoparticles

A modified method of (Osman et al., 2024)
was used to synthesize ZnO and FeO nanopar-
ticles for this study. Firstly, 10 g of zinc acetate][
Zn(CH,CO0),'2H,0] and 10 g of iron acetate
[Fe(CH,COO),-2H,0] were added to 100 ml of
plant extract separately; afterwards, the mixture
was incubated for 24 h at 37 °C and 120 rpm un-
der shaking conditions. The synthesis of nanopar-
ticles can be indicated by color change from pale
yellow to brown in the case of ZnO NPS and to
dark brown in the case of FeO formation. After
24 h, the mixture was centrifuged for 15 min at
300-3500 rpm and the precipitate was collected,
followed by washed three time by deionized wa-
ter to remove any residual plant extract, the su-
pernatant was dried in incubator at 37 °C and kept
in a dark place for further examination.

Preparation of Fe doped ZnO Nps

The procedure was done according to (Alnu-
aimi et al., 2019). By adding 10 g zinc acetate
[Zn (CH,COO0),"2H,0] and 10 g of iron acetate
[Fe (CH,COO0),-2H,0] to 200 ml of plant extract.
Then, the mixture was incubated for 24 h at 37 °C
and 120 rpm under incubator shaker conditions.
The color change is indicated of synthesis of ZnO-
Fe Nps. Then, the mixture was centrifuged after
24hr and the precipitate was collected, followed
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by washing thrice using deionized water to re-
move any residual plant extract. The supernatant
was dried in incubator at 37 °C and kept in a dark
place for further examination.

CHARACTERIZATION OF
NANOPARTICLES

Fourier transforms infrared spectroscopy
(FTIR)

Used to indicate the chemical composition of
nanoparticles, FTIR spectroscopy data was cap-
tured on Shimadzu 8000 series. A tiny amount of
colloidal solution of the nanoparticles was dried in
desiccator, then the dried sample was well blended
with bromide potassium (KBr) before crushed in
mortar and compressed. The spectrum range of
400-4000 cm™' was obtained (Ali et al., 2019).

Scanning electron microscope (SEM)

The ZnO, FeO, ZnO-Fe nanoparticles were
examined by using FE-SEM to analyzed their par-
ticles size and shape by studying how atom of mar-
tial interact with electron beam (Pawley, 1997).
The nanoparticles were collected in centrifuge for
30 min then dried for 30 min in 100 °C. A picture
was created by concentrating an electron beam on
the material by using surface scanning.

Preparation of Synthetic oily water

According to (Ziolli and Jardimb, 2002), the
synthetic oily water was prepared by using heavy
crude oil (the sp. gravity of oil was measured us-
ing hydrometer methods (sp. Gravity 0.91), ob-
tained from Masfa Missan) with distilled water
by adding different amounts of crude oil to the
water (0.5 ml, 1 ml, 1.5 ml), as follows:

e For 0.5 ml crude oil: a pipette was used to
measure 0.5 ml of crude oil, then carefully add
it to the 100 ml of distilled water in beaker
while magnetic stirrer was operating.

e For I ml and 1.5 ml crude oil: a pipette was
used to measure 1 ml and 1.5 ml of crude oil,
then carefully add it to the 100 ml of distilled
water separately in a beaker while magnetic
stirrer was operating.

Then, the oily water was left to equilibrate
for up to 15 days at the room temperature, re-
maining closed for the entire period to obtain the

water-soluble crude oil fraction (WSF) for the ex-
periment. In the present study, 0.5 g of ZnO, FeO
and Fe doped ZnO nanoparticles were added to
the oil sample at concentration (0.5, 1 and 1.5 ml)
of oil that have been diluted in 100 ml of distilled
water and theefficiency of oil removal was then
investigated under different pH (4, 7, 10), and
monitored over three time intervals: 24, 48 and
72 h. In order to achieve an adsorption-desorption
equilibrium between the crude oil and nanopar-
ticles, the mixture was mixed with a magnetic
stirrer for one hour. After that, it was placed in a
shaking incubator at 37 °C with 120 rpm and dark
conditions for twenty-four hours. Total organic
carbon was analyzed to determine the oil concen-
tration (Costa et al., 2013).

Total organic carbon

Total organic carbon (TOC) analyzer (Shi-
madzu TOC-L) was used to measure the amount
of organic carbon in polluted water preformed in
three stages (sample preparation, oxidation and
detection and quantification) according to a stan-
dard method (Brian et al., 2002) with modifica-
tion. The preparation sample was introduced in to
TOC analyzer by the flow injection technique. By
using high temperature and a strong oxidizer, the
organic carbon has been oxidized in a combus-
tion chamber of TOC analyzer, the organic car-
bon oxidizes into CO,. Afterwards, CO, was de-
tected and quantified, then standard organic car-
bon concentration was calibrated. TOC compares
the calibration curve with the signal produced by
the sample to calculate the total organic carbon
concentration. Afterwards, a report with TOC
value was generated. In order to measure the re-
moval efficiency of oil by ZnO, FeO and Fe- ZnO
nanoparticles, the following equation was used:

RE% =“==x 100 (1)

where: the Co is initial concentration of oil and
the Ce is the final concentration of oil.

RESULT AND DISCUSSION

Field emission scanning electron microscope
(FE-SEM)

The field emission scanning electron micro-
scope was used to analyze the shape and size
of ZnO, FeO, as well as ZnO-Fe nanoparticles
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depending on topographic examination, the mea-
surements were carried out and surface examina-
tion revealed irregular shape of ZnO nanoparti-
cles with average diameter (48.40 nm) as shown
in Figure 1, these agreed with (Daka and Mukher-
jee, 2021). The ZnO nanoparticles were distrib-
uted irregularly with a conglomerate of particles
because of gathering of initial nuclei that led to
forming compact film surface (Srinivasulu et al.,
2017). In turn, Figure 2 shows synthesized FeO
nanoparticles having truss topography and round
morphology in shape and size due to aggregation
with average diameter (53.31 nm), in agreement
with (Veronica et al., 2013). The SEM image
of Fe doped ZnO nanoparticles reveals that the
particles have amorphous shape and inconstant
morphology and agglomerate resulting in larger
size of particles because high surface energy and
surface area with average diameter (78.24 nm),
a similar finding was reported by (Srinivasulu et
al.,2017) Figure 3.

Fourier transforms infrared spectroscopy
(FTIR)

The FT-IR spectroscopy has been introduced
to observe the structural and chemical nature
of nanoparticles and identified different fac-
tional groups of these nanoparticles. The range
of synthesized ZnO, FeO and ZnO-Fe scanned
spanned 400-4000 cm™'. The infrared analysis of
ZnO show distinctive band around area 3124.47,
3122.54-3107.11 and 3415.70 cm related to
O-H of alcohol band, while at 1560.30, 1450.30
and 1421.44 due to N-O nitro compound. Also,
the peaks at 435.88 and 416.60 correspond to the
presence ZnO, a similar finding was reported by
(Murthy et al., 2021) (Table 1).

The FTIR spectrum of FeO Nps showed peak
at 3415.70, 3122.54-3107.11, 3124.47 and 3425-
3417 cm™ corresponding to O-H stretch. The band
at 1558.38 related to N-O, peak at 2378.07 cm’!
due to O=C=0. while peak in 621.04, 592.11 and
561.25 cm! related to Fe-O iron oxide nanopar-
ticles formation, a similar finding was reported by
(Taha et al., 2022) (Table 2).

The spectrum of Fe doped ZnO Nps repre-
sents the presence of ZnO nanoparticles by show-
ing a peak in the range 457.10-435.88 cm™! and
the bands in range 657.68, 617.18 and 592.11 cm’!
are proof of its integration of Fe* ion in to ZnO
matrix upon iron doped zinc oxide, this finding
agreed with (Srinivasulu ef al., 2017). The other
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Figure 1. The SEM examination shows un even
shapes of ZnO Nps with average diameter (48.40 nm)
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Figure 2. The SEM examination shows circular
morphology of with average diameter (53.31 nm)
FeO Nps
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Figure 3. The SEM examination shows unorganized
and conglomerate shape of Fe-ZnO Nps average
diameter (78.24 nm)
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Table 1. Represent FTIR of ZnO

ZNO Frequency of absorption (cm™) Bonds Compound class of functional group
3124 .47 O-H stretch Alcohol
1558.38 N-O stretch Nitro compound
Zinc acetate + the plant 1452.30-1421.44 N-O stretch Nitro compound
extract
694.33 Metal oxygen
416.60 Metal oxide
312447 O-H stretch Alcohol
1560.30 N-O stretch Nitro compound
ZnO nanoparticle 1450.30-1421.44 N-O stretch Nitro compound
694.33 Metal oxygen
435.88-416.60 ZnO
Table 2. Represent FTIR of FeO
Fe Frequency of absorption (cm™) Bonds Compound gliizsf functional
3124 .47 O-H stretch Alcohol
Iron Acetate + Plant extract 1558.38 N-O stretch Nitro compound
1452.30-1421.44 C-C stretch Aromatic
694.33 Fe,O, Metal O,
3425-3417 O-H stretch Alcohol
2378.07 0=C=0 stretch Carbon dioxide
1627.81 N-H bend Amine
1407.94 N-O stretch Nitro compound
FeO Nps 887.19 C=C stretch Alkene
794.62 O-H bend Alcohol
621.04 Fe-O Metal O,
592.11 Fe-O Metal O,
561.25 Fe-O Metal O,

peaks at 3415.70, 3130.25, 3477.42-3105.18 and
3436-3415.70 cm™ are related to O-H stretch.
Also, bands at 1616.24-151594, 1558.38,
1542.95 and 1556.45-1541.02 corresponded to
N-H and 1425.30, 1444.58, 1411.80 and 1415.65
cm! related to N-O (Table 3).

Oil in water emulsion

After addition of nanoparticles to the oil in
water emulsion (O/W emulsion), it was noticed
the nanoparticles worked as a coagulant and led
to the oil droplet adsorption on the surface of
the coagulant and then floc formation and set-
tling due to the high surface area of Nps and sug-
gested that the developed hydrophobic proper-
ties of nanoparticles can facilitate attachment of
oil droplet for effective oil removal (Shehzad et
al., 2018). Afterwards, flocculation was removed

by filtration by using filter paper, a similar find-
ing was reported by (Elmobarak and Almoman,
2020) as shown in Figures 4. The oil concentra-
tion measured by using TOC

Total organic carbon (TOC)

TOC is a measure of all forms of organic car-
bon, including petroleum hydrocarbon and natu-
ral organic matter (Schreier et al., 1999) TOC was
measured to determine the removal efficiency of
oil by nanoparticles.

TOC concentration in oily water treated by
ZnO

At pH=4, at a concentration of 0.5, the mean
values drop over time from 204.74 (24 h) to
100.03 (72 h), indicating a substantial decrease. At
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Table 3. FTIR representation of Fe doped ZnO Nps

ZnO-Fe nanoparticles Frequency of absorption (cm™) Bonds Compound class of functional groups
3477.42-3105.18 O-H stretch Alcohol
1542.95 N-H bond Amine
1411.80 N-O stretch Nitro compound
1338.51 C-H rock Methyl
Zinc Acetate+ iron acetate+
Plant extract 1022.20 C-O stretch Alcohol
892.98 C=C stretch Alkene
796.55 O-H bend Alcohol
690.47-619.11 Fe,O, Metal O,
476-445.53 Zinc acetate Metal O,
3436.91-3415.70 O-H stretch Alcohol
2364.57 0=C=0 stretch Carbon dioxide
1556.45-1541.02 N-H bond Amine
1415.65 N-O stretch Nitro compound
1336.58 C-H rock Methyl
ZnO+FeO Nps 898.77 C=C stretch Alkene
796.55 O-H bend Alcohol
657.68 Fe-O Metal O,
617.18 Fe-O Metal O,
592.11 Fe-O Metal O,
457.10-435.88 ZnO Metal O,

Figure 4. A — represent oily water before addition of Nps, B — after addition of Nps, C — after removal of the floc

a concentration of 1, values decline from 295.36
(24 h) to 190.44 (72 h), reflecting a gradual reduc-
tion. At a concentration of 1.5, values decrease
from 357.63 (24 h) to 290.53 (72 h), showing a
smaller reduction at higher concentrations. The
LSD (0.05) values indicate significant differences
between means for time (19.28) and treatments
(17.42) at pH=7. At a concentration of 0.5, the
mean values decrease over time from 176.74 (24
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h) to 134.22 (72 h), indicating a consistent reduc-
tion in response. At a concentration of 1, values
drop from 325.74 (24 h) to 200.49 (72 h), show-
ing a moderate decline over time. At a concentra-
tion of 1.5, the values reduce from 490.74 (24 h)
to 397.38 (72 h), indicating higher initial values
but a slower decrease. The LSD (0.05) values
indicate significant differences between means
for time (21.64) and treatments (13.60). while in
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Figure 5. The effect of pH and ZnO Nps-TOC concentration in (24.48 and 72 h)

pH=10. At a concentration of 0.5, the mean values
decrease over time from 100.61 (24 h) to 72.53
(72 h), showing a steady reduction. At a concen-
tration of 1, values drop from 179.45 (24 h) to
100.05 (72 h), reflecting a gradual decline. At a
concentration of 1.5, values decrease from 179.98
(24 h) to 120.66 (72 h), demonstrating consistent
reduction. The LSD (0.05) values indicate signifi-
cant differences between means for time (15.78)
and treatments (34.14) as showed in Figure 5.

TOC concentration in oily water treated by
FeO

At pH= 4, at a concentration of 0.5, the mean
values decrease over time from 52.94 (24 h) to
35.97 (72 h), indicating a steady reduction over
time. At a concentration of 1, values drop from
84.63 (24 h) to 39.22 (72 h), showing a sharper de-
crease in later times. At a concentration of 1.5, the
values decrease from 163.94 (24 h) to 90.43 (72 h),

indicating higher initial values but significant time
effects. The LSD (0.05) values indicate significant
differences between means for both time (15.94)
and overall treatments (16.34), providing statisti-
cal confidence. While at pH=7: at a concentration
of 0.5, the mean values decrease over time from
30.43 (24 h) to 15.94 (72 h), indicating a notable
reduction in response over time. At a concentration
of 1, values also decline from 63.86 (24 h) to 40.38
(72 h), but the decrease is less steep compared to
a concentration of 0.5. At a concentration of 1.5,
the values drop significantly from 115.37 (24 h) to
40.24 (72 h), showing a sharper decrease, possibly
due to initial high levels. The LSD (0.05) values
indicate significant differences between means for
both time (16.30) and overall treatments (17.62),
confirming statistical reliability. At pH= 10, at a
concentration of 0.5, the mean values decrease over
time from 162.57 (24 h) to 14.76 (72 h), showing a
steep decline. At a concentration of 1, values drop
from 120.63 (24 h) to 45.83 (72 h), indicating a

—0=24hr —e—48hr 72hr
600 -
;-q: 500 -
7)) -
f 400
5 300 A
S 200 -
100 -
0 ns =
100405 1 1505 1 15|05 1 15
PH=7 PH=4 PH=10

Figure 6. The effect of pH and FeO Nps-TOC concentration in (24.48 and 72 h)
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Figure 7. The effect of pH and Fe doped ZnO Nps-TOC concentration in (24, 48 and 72 h)

gradual decline. At a concentration of 1.5, the val-
ues decrease significantly from 574.42 (24 h) to
34.47 (72 h), demonstrating a sharp initial increase
followed by a steep drop. The LSD (0.05) values
indicate significant differences between means for
both time (63.22) and overall treatments (57.60),
confirming statistical reliability of observed pat-
terns, as shown in Figure 6.

TOC concentration in oily water treated by Fe
doped ZnO

At pH=4, at a concentration of 0.5, the mean
values slightly decrease over time from 42.29 (24
h) to 35.46 (72 h). At a concentration of 1, values
drop significantly from 32.21 (24 h) to 12.88 (72
h). At a concentration of 1.5, there is a dramatic
decrease from 345.45 (24 h) to 52.26 (72 h), indi-
cating a sharp decline. The LSD (0.05) values indi-
cate significant differences between means for time
(29.89) and treatments (30.46). While at pH=7, at a
concentration of 0.5, the mean values decrease over
time from 43.92 (24 h) to 30.73 (72 h), indicating
a steady decline. At a concentration of 1, values
drop from 37.41 (24 h) to 9.53 (72 h), showing a
sharper reduction. At a concentration of 1.5, the
values decrease from 33.92 (24 h) to 15.82 (72 h),
reflecting a moderate decline. The LSD (0.05) val-
ues indicate significant differences between means
for time (17.09) and treatments (20.23). At pH=10,
at a concentration of 0.5, the mean values decrease
over time from 60.91 (24 h) to 40.59 (72 h), indi-
cating a gradual reduction. At a concentration of 1,
values drop from 45.07 (24 h) to 6.63 (72 h), show-
ing a sharper decrease. At a concentration of 1.5,
the values remain relatively stable from 70.37 (24
h) to 63.56 (72 h). The LSD (0.05) values indicate
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significant differences between means for time
(28.58) and treatments (23.39) as shown in Figure
7. The overall LSD (0.05) value of 32.46 suggests
statistically significant differences across all groups
and conditions. According to removal efficiency
(RE%) equation (mentioned in methodology) it
was found that highest RE% in oily water treated
by ZnO Nps was 92% at PH (10) while the lowest
RE% was 73% at pH (7). While the highest RE%
in oily water treated by FeO Nps was 97% at pH (7
and 10) and the lowest RE% was 93% at pH (4),
the RE% of oily water treated by Fe-ZnO Nps have
reached 99% at pH (7 and 10) and lowest RE% was
(92%) at pH (10). The result showed that highest
removal efficiency of oil at pH (7 and 10) in oily
water treated by Fe-ZnO nanoparticles was 99%.

CONCLUSIONS

In this work ZnO, FeO and Fe doped ZnO
nanoparticles were successfully prepared by eco-
friendly, cost effective and green synthesis way
by using leaf extract of Leucaena leucocephala
L. ZnO, FeO and Fe doped ZnO Nps were applied
to remove oil from oil-polluted water. ZnO, FeO
and Fe doped ZnO Nps are effective coagulants in
removing oil from oil-polluted water.
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