
Abstract

Owing to its exceptional properties, graphene, a planar layer of sp2-bonded carbon atoms, attracted inter-
est of researchers. A distinct matrix for nanocomposites, graphene has exceptional chemical endurance,
high surface/volume ratio, and strong electrical conductivity. Due of their versatility, research in recent
years has focused on incorporating graphene with appropriate materials. In this study, Improved Hummer
method utilized in synthesizing graphene oxide (GO). An appropriate chemical reducing agent was used to

5, 10, and 30%). Samples were morphologically characterized using a (HRTEM). Additionally, Raman and
FTIR spectroscopy were used to identify the samples’ chemical composition. Using (XRD), samples’ crys-
tallographic was identified. To ascertain the magnetic behavior, (VSM) was employed. Furthermore, fluc-
tuation in metal ions concentration vs adsorption time was studied by UV-VIS spectrophotometer. Re-
search findings demonstrated produced nano-composites’ great adsorption potential even higher than
both RGO and magnetite, the nano-composites demonstrated a synergistic effect that enhanced the com-
posite’s adsorption effectiveness. A 30% RGO sample was found to have the max adsorption activity for
Cr (VI), Cu (II), and Mn (VII) with values of % removal 68, 80, and 70% respectively at PH =9 which make
(MRG30) the ideal sample for heavy metal removal.

Keywords: Graphene, Magnetite Reduced Graphene oxide composite, Adsorption, Wastewater
treatment, Removal of Heavy metals

1. Introduction:

Environment is constantly degraded as a result
of the world’s expanding population and rising
human activity such as urbanism & industry [1].
Heavy metal pollution, usually from industrial ef-
fluents, is a serious ecological hazard. Cd, Cu, Hg,
Pb, Cr, As, and other heavy metals are discharged
into the aquatic environment. The chemical sta-
bility and lack of biodegradability of heavy metals,
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allowing them to persistent accumulation in en-
vironment. Exposure to hazardous heavy metals
for a long time or at a high level can cause a vari-
ety of serious health issues, including brain impair-

a result, efficient approaches for extracting heavy
metal pollution are desperately needed.

Among various Heavy metal removal methods
used, the adsorption approach is favored among
these techniques owing of its merits, as well as
its cheap cost, great efficiency, and simplicity of
use. For wastewater treatment, different adsor-
bents were used, including activated carbon [3],
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ment, anemia, bone defects, and cancer [2]. As

synthesize (RGO). Magnetite was prepared from ferrous ammonium sulfate and((NH4)2Fe(SO4)2.6H2O)to
ferric chloride (FeCl3.6H2O), then by co-precipitation method. Magnetite Reduced Graphene Oxide (MRG)
was synthesized with different amounts of RGO relative to magnetite (5, 10, and 30% wt. %) to prepare (MRG
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chitosan [4], biochar [5], zeolite [6], polymer [7],
carbon nanotube [8], metal-organic frameworks
(MOFs) [9], carbon quantum dots (CQDs) [10],
and graphene [11]. Recently, there’s been a sig-
nificant interest in graphene-based nanomaterials
as highly efficient adsorbents for extracting heavy
metals from water. [12–22].

Graphene oxide (GO) serves as the manufac-
turing basis for several graphene-based products.
GO prepared via Improved Hummer method us-
ing strong oxidative conditions to exfoliate raw
graphite [23]. During the production of GO, several
oxygen-ous groups are added to the aromatic ring,
including carbonyl, carboxyl, hydroxyl, and epoxy,
making GO extremely hydrophilic and forming sta-
bly distributed hydrosol. Because of the abun-
dance of oxygen-ous groups and conjugated elec-
trons, GO- Based materials can engage in interac-
tions via hydrogen bonds, and electrostatic attrac-
tion with inorganic or organic contaminants. [12,
13]. However, GO’s evenly dispersed structure has
both benefits and drawbacks. Proper distribution
enhances the adsorption potential by sufficiently
exposing the adsorption sites of GO to contami-
nants. But, well dispersion makes the recovery of
GO is extremely difficult, resulting in lower recy-
cling efficiency and additional contamination.

Magnetic particles were employed to counter-
act this disadvantage in order to facilitate recov-
ery of adsorbent. Because of its ease of manu-
facturing, superior biocompatibility, and inexpen-
sive cost, Fe3O4 [13–15, 24–27, 46], has attracted
the curiosity of researchers. Synthesis of mag-
netite/RGO nano-composite, which have fascinat-
ing conduction properties, enormous surface area,
a flatter form, cheap cost, a powerful magnetic field
and environmental safety. [28–31]. Magnetite nano
particles and graphene merged together forming
RGO/ Fe3O4 nano-composite exhibiting recogniz-
able features like great extractability, magnetiza-
tion, significant surface area, and considerable dis-
persibility [32]. Through degradation, RGO/Fe3O4

nano-composite may effectively eliminate harmful
heavy metals [30, 33].

Fe3O4 serves four tasks in the GO/Fe3O4 sys-
tem: (1) Simplifies separation and recovery. (2)
The strong π-π interaction provides steric hin-

drance to graphene sheet restacking and aggrega-
tion. (3) It has adsorption capacity. (4) Attachment
to graphene sheets prevents Fe3O4 aggregation.

Generally, aqueous solution and adsorbent ma-
terial are segregated using centrifugation and fil-
tration treatments. [34]. In comparison with other
removal techniques, after finishing the adsorption
stage, magnetic separation is a reliable, fast, and
economic procedure for removing magnetic adsor-
bents from the medium. [35]. As a result, it is ben-
eficial to develop rGO/ Fe3O4 NCs which is charac-
terized by magnetic separation and have high sur-
face area for the removal of water contaminants.

The following are the three goals of this work:
(1) synthesis a highly effective adsorbent for heavy
metals from the aqueous solutions based on the
rGO/ Fe3O4configuration with high ability of ad-
sorption and ease of separation. (2) Characteriza-
tion of the fabricated composites to reveal its mor-
phological, chemical & physical properties which
is responsible for its adsorption efficiency and (3)
Studying the adsorption efficiency of RGO/ Mag-
netite RGO composite toward the Cr(VI), Cu (II)
and Mn(VII) in aqueous solution. Cr (VI), Cu (II)
and Mn (VII) was selected as models. The findings
of this study may encourage the use of the rGO/
Fe3O4 design as a possible adsorbent.

2. Experimental methodology:

2.1. Materials:

Chemicals used were reagent-grade. They were
required with some specified purities from the
given sources and utilized without further purifica-
tions.

2.2. Graphene oxide / reduced graphene oxide Syn-
thesize:

GO synthesized by via Hummers technique [36].
RGO was prepared from GO utilizing Ascorbic acid
as a reductant. For 15 minutes, GO samples were
dispersed in 100mL distilled water before being re-
peated four times. Solution sample was then trans-
ferred to a 2L baker and mechanically stirred for
24 hours with 1L distilled water. The reducing
agent was gradually added to the suspension after
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it had been heated to 70 ◦C for about 1 hour. Af-
ter that, the solution was mechanically stirred for
24 hours [37].

2.3. RGO-magnetite NCs Synthesize:

The composite was synthesized using via chem-
ical co-precipitation approach. Primarily, ferrous

mixed with ferric chloride in a 1-2 molar ratio. The

100ml of distilled water. After 30 minutes of ul-
trasonic treatment, various concentrations of RGO
relative to magnetite (5, 10, and 30% wt. %) had
been dissolved in 100 mL of distilled water. To pre-
pare (MRG 5, 10, and 30%), each ratio of GO so-
lution was separately poured to the iron solution,

24 hours. In a separate 5L beaker, a sodium hydrox-
ide solution (4L-15%) was prepared and heated to
90◦C. After that, the ferrous, ferric, and RGO mix-
ture was added to the hot NaOH solution [38].

2.4. Characterization:

UV-visible absorption spectrum was acquired by
spectrophotometer (Agilent Cary UV-VIS) in the
200–800 nm range. (Bruker, Germany Alpha-p)
FTIR with a diamond crystal sample cell and a
maximum scanning depth of 2µm was used to
record an FT-IR spectrum in the range 4000–400
cm−1. The Raman spectrum was acquired at 2
cm 1 resolution using Raman spectroscopy (model
Sentera, Bruker, Germany with source (6.25 mW,
532nm neodymium-doped yttrium aluminum gar-
net (Nd:YAG) laser). On RGO/Fe3O4 NCs, a 16+ mW
laser power was irradiated to capture Raman spec-
tra across a wide range of 4000–50 cm−1. (Bruker
D8 ADVANCE X-ray diffractometer (Germany) with
CuKa radiation, 40 KV, & 25 mA) was used to record
XRD patterns. At an accelerating voltage of 200 kV,
TEM pictures were taken using ((HRTEM) - model
JEM-2100, JEOL, Japan). The sample’s morphology
was studied using a SEM (FEI Inspect S) equipped
with EDX. Magnetism of RGO/Fe3O4 Nano com-
posites was investigated using a VSM (735VSM,
Model7410; Lake Shore, Westerville, Ohio, USA).

2.5. Adsorption Studies:

Batch equilibrium approach was used to investi-
gate the elimination of Cr (VI), Cu (II), and Mn (VII)
using the 3 fabricated samples [46]. At room tem-
perature of 24oC, 0.01 g of each sample was placed
in 50 ml of appropriate concentration of metal ion
solution in a separate 125 ml flask. At constant
time intervals (15 mins) of adsorption, the effluent
(3 ml) was separated from the synthesized sample
by magnet, thereafter, centrifuged at 5000 rpm for
10 minutes to recover the adsorbent. The change
in metal ion concentration against adsorption time
was used to compute the adsorption rate of each
metal ion, utilizing UV–Vis spectrum. As a refer-
ence, de-ionized water was employed [40].

The following equation was used to evaluate
heavy metal removal:

% Removal = (Ci − Ce)

Ci
x 100 (1)

Where: Ci is the heavy metals’ initial concentra-
tion, Ce is the heavy metals’ final concentration.

2.6. Adsorption Isotherms:

Langmuir & Freundlich isotherm was used to in-
vestigate the adsorption isotherm of RGO/Fe3O4

NCs [39] [40] to compute optimum adsorption
ability. As seen in (eq.2), Langmuir adsorption
isotherm leads to constant adsorbent surface ac-
tivation and mono-layer adsorption with selective
adsorbent active sites.

qe = qm KLCe

1+KLCe
(2)

Where: qe Adsorbate amount adsorbed / adsor-
bent (gm) at equilibrium (mg/g), qm Highest ad-
sorption capacity (mg/g), KL Isotherm constant of
Langmuir (L/mg) & Ce Concentration of adsorbate
at equilibrium (mg/L)

Freundlich isotherm denotes adsorbent surface
heterogeneity along with surface multilayered cov-
erage. The linear Freundlich isotherm equation is
as follows as (eq.3).

log qe= log KF+ 1

n
l ogCe (3)

Where: KF Freundlich coefficient indicates the rel-
ative adsorption capability of an adsorbent & n Fre-
undlich coefficient indicating adsorption strength.
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2.7. Adsorption Kinetics:

When defining the adsorption mechanism, the
physical and chemical properties of the adsor-
bent, as well as diffusion mechanisms, are two
of the most significant parameters to examine.
The mechanism of the adsorption sequence was
investigated by applying pseudo-first-order and
pseudo-second-order kinetics on the experimen-
tal results in order to evaluate the impact of ad-
sorption time on removal of heavy metals with
RGO/Fe3O4 NCs. Heavy metal The RGO/ Fe3O4

NCs adsorption equilibrium timeframe was 200
minutes. In (eq.4), The pseudo first order kinetic
model of Langergren is denoted by [41].

ln
(
qe −qt

)= lnqe −kl t (4)

Where: qe &qt Adsorbate quantities adsorbed /
gm of adsorbent at equilibrium and over time
(t) (mg/g) & kl First order adsorption Langergren
rate constant (mi n−1 ), calculated by graphing
ln

(
qe −qt

)
against (t).

As formulated (eq.5), the pseudo-second-order
kinetics is [42]

t

qt
= 1

k2q2
e
+ t

qe
(5)

Where: k2 Adsorption rate constant of second or-
der (g/mg.min), derived from the plotted graph of

t
qt

Vs t intercept.

3. RESULTS & DISCUSSION

3.1. Synthesized nano-composites Characteriza-
tion:

3.1.1. Results of Scanning Electron Microscope
(SEM analysis & Energy Dispersive Analysis
X-ray (EDXA analysis:

The SEM images with EDXA characterization of
the 30% composite are shown in Figure 1.

The SEM revealed crystalline aggregation of rel-
atively typical globular shape particles of varied
crystal size. EDXA mapping of composite, on the
other hand, revealed the existence of Ka radiation
of C, O, Fe Na and Si. Presence of (C& O) validates
existence of RGO, while the presence of (Fe) ele-
ment proves the presence of magnetite.

Figure 1: SEM micrograph and EDAX analysis of MRG30

3.1.2. Results of High-Resolution Transmission
electron microscope (HRTEM

Magnetite morphologies with various percent-
ages of reduced graphene oxide (5%, 10%, and
30%) were shown in Figure.2. As depicted, the
grey region displays RGO nanoparticles, whereas
the black portion depicts Fe3O4 nanoparticle ag-
gregates. Magnetite is vividly visible in MRG (5
percent &10 percent respectively). Graphene, on
the other hand, has a tendency to cover the entire
nanoparticle at MRGO 30%, reducing their activity.

Figure 2: TEM of (a) RGO5%, (b) RGO10% & (c) RGO30%.

3.1.3. Results of X-Ray diffraction (XRD analysis:

Magnetite was mounted on reduced graphene
oxide in varied ratios. X-ray diffraction (XRD)
was primarily used to investigate the magnetic re-
duced graphene nanocomposite crystalline phase.
Diffraction peaks at 2Θ of (30.27, 35.75, 43.6, 53.73,
57.5, and 63.1), respectively, are associated with the
cubic Fe3O4 crystal plane [(220), (311), (400), (422),
(440), (511), and (511), respectively] as represented
in fig. 3. There were no peaks of reduced graphene
oxide detected for two reasons: (a) we think that
the presence of magnetite limits graphene sheet
aggregation. (b) The strong signal of iron oxides
likely overwhelms the graphene’s weak peak.
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Figure 3: Difference in XRD results of: Fe3O4, RGO 5% , RGO
10%, RGO 30% and RGO.

3.1.4. Dispersive Raman spectroscopy analysis:
As shown in fig. 4, G & D peaks are consid-

ered as fundamental precepts of graphitic carbon-
based materials’ Raman spectra. Raman spectra
frequently contained D band at 1337cm−1 and a
G band at 1570cm−1. The intensity of D peak is
used commonly to assess the magnitude of disor-
der. The change and shape of D peak’s overtone,
referred to by the 2D peak about 2660 cm−1 [43],
possibly be correlated with the number of layers of
graphene (N).

As seen in Fig. (4), there are three peaks in the
Raman spectra of MRGx (where x is 5, 10&30) that
associated with Fe3O4 nanoparticles. The big peaks
detected at 1357 & 1592 cm−1 attributable to D and
G of RGO, respectively [44]. ID /IG ratio in RGO is
0.97. MRG5, MRG10, & MRG30 still have 2 distinct
G & D band peaks, but the ID /IG ratios found to
be 1.52, 1.23, and 1.375. The significantly greater
intensity of the D band in composites than the G
band is evidence of presence of sp3 defects in sp2

throughout graphene decoration by magnetite and
vigorous exfoliation of RGO sheets. This demon-
strates successful graphene exfoliation along with
the replacement of oxygen in the GO by Fe3O4 dur-
ing reduction., resulting in a chemical bond be-
tween Fe3O4 and RGO [45].

3.1.5. Results of Fourier transform infrared spec-
troscopy (FTIR analysis

FTIR spectrum, showing in Fig.5, demonstrated
an effective inclusion of RG sheets in the Fe3O4

Figure 4: Raman Spectra (RGO, RGO 5%, RGO 10%, RGO 30%
and Fe3O4)

nanoparticles. The wide peak at approximately
(3400cm−1) was attributed to the O-H bond
stretching vibration. absorption peak around (600
cm−1)is related to the combination of Fe-O vibra-
tions, illustrating a successful mixing of RG sheets
and Fe3O4 nanoparticles [46]. The appearance of
an absorption band around (1552 cm−1) serves as
proof that RGO was created, which is related to the
RGO sheets’ skeletal vibration [47].

Figure 5: FTIR Spectra (RGO, RGO 5%, RGO 10%, RGO 30%
and Fe3O4)

3.1.6. Vibrating Sample Magnemeter (VSM analy-
sis:

VSM was performed at room temp., and the
magnetic properties of MRG 10, 20 & 30samples is
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depicted as shown in Fig (6). Magnetization hys-
teresis loops with S-like curves are seen in Fe3O4

nanoparticles and MRG nanocomposites. MRG 5,
10, and 30 samples all showed superparamagnetic
properties and values of saturation magnetizations
(50, 47.3 & 40.6) emu/g. The findings demon-
strate appropriate magnetism for the simple use of
a magnet to separate the Nano composites from
the solution and reusing them in other operations.

Figure 6: VSM measurements for magnetic nanoparticles, of
MRG5, MRG 10 and MRG30.

3.2. Removal performance of RGO and magnetite
nanocomposites toward Cr (VI), Cu (II) and Mn
(VII) heavy metals:

The adsorption has been evaluated spectropho-
tometrically at the highest absorption (viz. λmax =
372, 523 and 800 nm) relating to Cr (VI), Mn (VII)
& Cu(II) matching well with early-declared find-
ings (Fig. 7) [48]. To evaluate the adsorption influ-
ence of the designed adsorbents, Cr (VI), Cu (II) &
Mn (VII) was used as a model heavy metals con-
taminants in this study. Figure 8 shows different
adsorption efficiency toward heavy metals by us-
ing virgin RGO, Fe3O4, MRG5, MRG10 and MRG30
nanocomposite. The RGO shows only 23.5, 33 and
27.5 % after 120 min adsorption for Cr (VI), Cu (II) &
Mn (VII), meanwhile the highest adsorption activ-
ity achieved by Fe3O4was 29.5, 40 and 36.5 % after
120 min adsorption for Cr (VI), Cu (II) & Mn (VII)
respectively, on contrary highest adsorption activ-

ity can be achieved by MRG30 of Cr (VI), Cu (II) &
Mn (VII) was 50.5, 77, 63 % after the same time.

3.2.1. Dosage of adsorbent effect:

Dose of the adsorbents is one of the factors that
significantly influences the adsorption capability.
To study the impact of amount of adsorbent on
the adsorption of Cr (VI), Cu (II) & Mn (VII) on
MRG30, the experiments were performed with var-
ious amounts of MRG30: 5.0, 10.0 & 20.0 mg L−1.
Fig. 9 displays the findings that were achieved.
These findings demonstrate that as the quantity
of adsorbent is increased, heavy metal adsorption
onto MRG30 rises. The possibility that the adsorp-
tion sites progress and continue to stay unsatu-
rated throughout the adsorption process, increas-
ing the probability of adsorption, is one of the pos-
sible explanations for this hypothesis [49, 50]. Ac-
tive centers are the name given to such sites. Sur-
face area & average pores available after adsorp-
tion are related to the intensity of these sites on
adsorbent’s surface. This clarifies how adsorption
increased when the amount of adsorbent was in-
creased.

3.2.2. Metal Ion’s Initial Concentration Effect:

Because the initial concentration of Cr (VI), Cu
(II) & Mn (VII) metal ions is crucial to the removal
process, the impact of metal ion ionic strength was
investigated by varying the initial concentration
while maintaining the other reaction conditions.
Fig. 10 shows how removal percentage varies with
contact time at various initial concentrations (5, 10
and 20 mg/l). At higher concentration of Cr (VI), Cu
(II) & Mn (VII) metal ions, it was noted that the re-
moval percentage was lower than that of the lower
initial concentration. This is due to the heavy metal
ions’ obstruction of approaching the adsorbent’s
surface area. Surface area and abundance of ad-
sorption sites were comparatively high at low start-
ing solution concentration, making it simple to ad-
sorb and increase the heavy metal removal %. The
total number of adsorption sites that are reachable
is constrained at higher starting solution concen-
trations, which causes a reduction in the percent-
age of heavy metal ion removal [51, 52].
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Figure 7: UV-Visible spectra for (a) Cr (VI), (b) Mn (VII) & (c) Cu (II) at different concentrations with time intervals.

3.2.3. pH Effect:

PH of the solution is a critical factor for removal
studies. The impact of the metal ions solution’s
initial pH values was studied for 120 minutes un-
der specified experimental circumstances (MRG30
nanocomposite 10 mg, 50 ml of a 20 mgL−1 of Cr
(VI) and Mn(VII) & 100 mg/L of Cu(II)solution, at

T= 25 ◦C). Fig. 11 is a graph illustrating the variation
in metal removal percentage over time at different
pH values for the solution (3.0 – 9.0). The highest
removal activity for all studied metals was recorded
at pH 9.0. Adsorbent’s point of zero charge deter-
mination may explain why the adsorption activity
have maximum at higher pH values. To confirm

Figure 8: Screening the adsorption behavior of RGO, Fe3O4, MRG5, MRG10 and MRG30 respectively against 50 ml metal ions
solution of (a) Cr (VI) 20 mgL−1, (b) Cu(II) 100 mgL−1 & (c) Mn(VII) 20 mgL−1 at T = 25 ◦C and pH 7).

Figure 9: Effect of the dosage of adsorbent on the efficiency of removal of metal ions of (a) Cr (VI), (b) Cu(II) & (c) Mn(VII) with
at T = 25 ◦C and pH 7)
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Figure 10: Differences of removal percentage with contact time as a function at various initial concentrations of metal ions (a)
Cr (VI), (b) Cu (II) & (c) Mn (VII) at pH 7 and 10.0 mg MRG30 nanocomposite

Figure 11: Removal percent with time at different solution pH values (3.0 – 9.0) for (a) Cr (VI), (b) Cu(II) & (c) Mn(VII)

Figure 12: (PZC) Point of zero charge of MRG30 nano-
composite

the MRG30 nano-composite’s point of zero charges
(PZC), 0.01 g was added to a 50 mL solution 0.01 M
NaCl. HCl or NaOH were used to adjust the pH lev-

els of the solutions at values (2, 4, 6, . . . . 12). The
samples have been stirred at 200 rpm for 48 hours.
After separating MRG30 nano-composite, the solu-
tions’ pH values were recorded. Using a graph that
compares the end pH to the beginning pH, the PZC
value was calculated. The PZC was found to be 6.5
(when there is no discernible difference between
the final and initial pH readings) as depicted in Fig.
12. When pH is lower than pH of PZC, it means
that the MRG30 surface is positively charged and
when pH is greater than pH of PZC, it means that
the MRG30 surface is negatively charged. In ad-
dition, when pH (solution) = the pH of PZC, The
MRG30 has a neutral surface charge, and the met-
als ions’ electrostatic attraction to the surface of the
adsorbent is very weak. [53]. PH value of PZC with
respect to MRG30 was found to be 6.5, and this
discovery clarified why, as shown in Fig. 11, the
removal of metals was greatest at pH 9.0. Conse-
quently, at this point, the MRG30 nano-composite’s
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Figure 13: SEM and EDAX analysis of MRG30 after adsorption process.

net surface charge is negative, attracting the pos-
itively charged Cr (VI), Cu (II) & Mn (VII) and en-
hancing the adsorption activity. At pH lower than
6.5, the % removal started to decrease due to the
repulsion between the positive surface charges of
metals and the MRG30 nano-composite’s positive
net surface charges.

3.2.4. Kinetic studies:

The linear form of the pseudo-first order equa-
tion

log
(
qe −qt

)= l og qe −kl t (6)

Where: qe &qt ; Quantities of adsorbate adsorbed
per gram of adsorbent at equilibrium and through-
out time (t) (mg/g), k; removal rate constant, and t;
time of removal.

Fig. 1S depicts a graphing ln
(
qe −qt

)
against t.

The results showed the metal ions under investiga-
tion don’t give straight lines and consequently don’t
comply the pseudo-first order Langergren equa-
tion which make it not suitable to describe the ad-
sorption process of the studied metal ions on the
synthesized nano-composite.

The linear form of the pseudo-second order
equation:

t

qt
= 1

k2q2
e
+ t

qe
(7)

Where: k2 : The second-order adsorption rate con-
stant (g/mg.min), which can be calculated from the
intercept of the t

qt
vs t linear plot

As revealed in Fig. 2S, the finding showed
straight line relation with good R2correlation coef-
ficient values indicating that the removal process’
kinetics adhered to the laws for pseudo-second-
order. Moreover the apparent pseudo-second-
order rate constants are reduced as the concentra-
tion of heavy metal ions rises. This dependence on
Cr (VI), Cu(II) and Mn (VII) ions concentration as
a function of reaction rate constants is consistent
with the literature [53, 54].

3.2.5. SEM and EDAX after adsorption:
Following the metal ion uptake, the composite

conducted SEM and EDXA studies, which showed
considerable morphological and microstructural
variations. Additionally, EDXA data showed that
the composite included Cr (VI), Cu (II) and Mn
(VII) ions, demonstrating that the heavy metal ions
had made contact with the nano-composite’s sur-
face as shown in Figure13.

4. Conclusion:

This study investigated the outstanding heavy
metal removal activity of reduced graphene ox-
ide/magnetite nano-composite. XRD, HRTEM,
SEM, EDXA, Raman, FTIR, and VSM analysis
techniques are used to characterize RGO, and
RGO/ magnetite nanocomposite MRG revealing
the chemical composition and the morphological
properties of the composite with finding the super-
paramagnetic properties and values of saturation
magnetizations. From the results of uptaking the
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heavy metal ions by adsorption on the synthesized
nano-composite, we suggested that there is a syn-
ergistic effect takes place between both of RGO
and magnetite resulting that the RGO/magnetite
nano-composite have higher adsorption efficiency
than both RGO and magnetite itself and the high-
est removal percent (80, 70 and 68 %) for Cu (II),
Mn (VII) & Cr (VI) respectively was achieved with
pH 9.0 because at this pH value the surface net
charge of the nano-composite is –ve since the PZC
of the composite was measured and found to be
6.5, so there is electrostatic attraction between the
negatively charged adsorbent and the positively
charged metal ions. In addition, the study showed
that the adsorption efficiency of MRG 30 found
to be highest among other MRG composites. Due
to its highly efficient adsorption activity, MRG30
nanocomposite has the potential to serve as a use-
ful adsorbent in water treatment to preserve our
environment from hazardous contaminants.
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