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ABSTRACT

Bio-removal of heavy metal pollution remains a major challenge in environmental biotechnology. This paper fo-
cuses on the potential of carbon nanoparticles for biosorption of zinc, copper, and cadmium ions from aqueous solu-
tions, employing economical and environmentally sound plant wastes. Walnut peels were washed by distilled water,
mixed with KOH, burned at 650 °C, and treated ultrasonically to obtain carbon nanoparticles. Standard solutions
of the heavy metals under study were prepared based on calculations of the molecular weights of the relevant metal
salts Zn, Cu, and Cd, the metal ions were estimated in both treated and wastewater sample. The experiment included
evaluating the effect of some environmental factors on the process of biosorption of heavy metals from wastewater
to choose the optimal conditions for the adsorption process. These environmental factors included the initial metal
concentration, pH, temperature, retention time, and biomass. The optimum conditions of initial metal concentration,
pH, temperature, retention time, and biomass were recorded as 100 mg/l, pH of 7, 45 °C., 60 min., 0.2 g respectively.
These results were supported by XRD examination, which indicated the presence of two Bragg diffraction peaks in
the carbon nanoparticles, and TEM results also indicated the presence of inhomogeneous particles, as well as the
irregular shape of the surface of the carbon nanoparticles with a large surface area, according to SEM examination.
However, the optimal adsorption conditions were applied in a laboratory treatment unit, which showed its efficiency
in removing heavy metal ions from wastewater. Carbon nanoparticles derived from walnut shells can be employed
as excellent adsorbents for removing heavy metal ions from aqueous solutions.
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INTRODUCTION

as type of industries in the region, people’s way
of life and awareness of the impacts done to the

Water is considered as the most essential  environment by careless disposal of wastes with-

source of life and important part of our natural
resources, around 80% of the world population is
now facing water supply and security threat. In
fact, about 2% of planet water is fresh and only
0.036% of water is accessible for use [1]. Waste
water pollution with heavy metals is accelerat-
ing worldwide due to industrial and population
growth, notably in countries having poor envi-
ronmental laws, resulting in many diseases such
as cancer [2, 3]. However, heavy metals which
had a density above 5 g/cm® — in wastewater come
from industries and municipal sewage, and they
are one of the main causes of water and soil pol-
lution [4, 5]. Accumulation of these metals in
wastewater depends on many local factors such

out treatment [6] metals can be divided into four
major categories: Toxic heavy metals, strategic
metals, precious metals, and radionuclides [7].
These contaminants include rare earth elements,
arsenic, lead, cadmium, chromium, copper and
other related effluents from the electronic, textile,
agricultural, hospital wastes and pharmaceutical
industries [8—10].Biosorption has been suggested
as being cheaper and more effective than chemi-
cal (precipitation) or physical (ion exchange and
membrane) technologies [11, 12]. Biosorption in-
volves the use of biological materials that form
complexes with metal ions using their ligands or
functional groups [13—15]. The advantage of bio-
sorption is that growth-independent, non-living
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biomass is to toxicity limitation of cells. No re-
quirement of costly nutrients required for the
growth of cells in feed solutions [16]. Therefore,
the problems of disposal of surplus nutrients or
metabolic products are not present also [17]. Be-
cause of non-living biomass behave as an ion ex-
changer; the process is very rapid and takes place
between few minutes to few hours, since metal
loading on biomass is often very high, leading
to very efficient metal uptake [18]. Yet, a review
is presented of the literature data concerning the
effects induced by carbon nanoparticles on the
biological environment and the importance of
these effects in human and animal health. Using
of walnut peel to prepare carbon has great poten-
tial for the preparation of composites because of
its unique laminar structure and surface charac-
teristics, wide availability, cost effectiveness and
simple synthetic procedure [19]. In addition, it
may be easily dispersed in water or other polar
solvents because of its good hydrophilic charac-
teristics [20]. Nevertheless, carbon nano-particles
(CNPs) used for removal of heavy metals from
industrial wastewater leads to the biggest chal-
lenge nowadays [19]. To reduce environmental
problems, the CNPs are promising candidates for
the adsorption of heavy metals due to their unique
properties such as chemical stability, mechanical
and thermal stability, and the high surface area,
which leads to various applications including
hydrogen storage, protein purification and water
treatment [6, 21, 22]. The aim of the study is to
examining the ability of carbon nano particles
that prepared using walnut peel in the biosorption
of pollutant from industrial wastewater.

MATERIALS AND METHODS

Prepared of carbon nano-particles CNPs from
walnut peel

Walnut peel which collected from local mar-
ket were mixed with KOH in a ratio of 1:1.5
(w/w), then heated at 600 °C for two hours, the
formed material (carbon) was washed with dis-
tilled water to remove the residues of KOH, me-
tallic components, and contaminants until and pH
was adjusted to 7, next dried at 50 °C using the
oven for 6 hrs. then the formed carbon that pro-
duced treated ultrasonically by ultra sonic device
at 20 kh for 1 hour [23], as it seen in Figure 1.

Preparing of standard solutions

Heavy metal ion standard solutions were
prepared depending on molecular weight calcu-
lations by dissolving 2.2 g of Zn (NO,) for Zn
standard solution, 3.218 g of Cd(NO,)2.4H,0 for
Cd standard solution, and 0.77 g of Cu (NO,) for
Cu standard solution, all in 500 ml of deionized
distilled water DDW and pH was adjusted to 7.

Evaluating the effect of environmental
factors on biosorption

Initial concentration, pH, retention time, tem-
perature, and biomass were examined as biosorption
potential environmental factors. Further biosorption
techniques required such tests to determine the best
conditions. Such tests were performed in order to
identify the optimum conditions for the later pro-
cesses of biosorption. In all these experiments the

Figure 1. Wallnut peels (A) that mixed with KOH to prepare CNPs (B)
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white tubes which contain the heavy metal solution
mixed with walnut peel powder were incubated in
shaker incubator then filtrate with filter paper in a
size of 0.45 um, and determined the residual con-
centration of Cu, Zn, and Cd metals in supernatant,
where pH was adjusted To7 [24].

Effect of initial concentration of metal ions on
biosorption

The ideal starting concentration of the heavy
metal solution was determined using seven val-
ues: 10, 20, 30, 50, 75, 100, and 250 mg/L, with
the pH set to 7. At a starting dose of 100 mg/L,
five different pH values (4, 5, 6, 7, and 8) were
used to evaluate the effect of pH on biosorption.
In order to determine the effect of contact dura-
tion, the study used six different retention dura-
tions (1, 5, 15, 30, 60, and 120 minutes) with an
initial concentration of 100 mg/L and a pH of 7.
A range of weights was used to evaluate the effect
of bio-sorbent mass: 0.01, 0.025, 0.05, 0.1, and
0.2 mg. In addition, 25, 35, 45, and 55 °C were
the five temperature values used for each metal
ion to find the ideal temperature [25].

X-ray diffraction (XRD)

The idea behind this technique is that materi-
als will scatter and absorb any radiation that is
directed on. The scattered radiation can be used
to identify materials based on the diffraction pat-
tern of their crystalline or ordered structure using
XRD analyzer (Panalytical ‘X’ Pert Pr, UK)[26].

Scanning electron microscopy

Scanning electron microscopy (SEM) (Zeiss
Sigma VP/Germany) was used as a crucial tool
for the development of nanotechnology and the
characterization of materials with nanostructure,
which is among the most adaptable tools for
examining and analyzing the morphology and
chemical composition of microstructures that is
currently accessible [27].

Transmission electron microscope

Transmission electron microscopy (TEM) has
been widely applied to characterize morphology,
crystalline structure, and elemental information
of membrane materials using Zeiss LEO 912 AB/
Germany TEM [28].

Biosorption laboratory treatment unit

Continuous biosorption experiments were
carried out using jacketed Pyrex column reactor
packed with CNPs biomass (Figure 2). The inner
diameter, height and bed volume of column were
1.2 cm, 27 cm and 30.5 ml, respectively. The
column was equilibrated with 10 bed volumes
and effluent pH was monitored to ensure that the
column was continuously at the optimal pH of 7.
A flow rate of 2 ml per minute was used to pass
the biomass via Zn, Cu and Cd ions which were
pumped downward through the column packed
with biomass. Effluent liquid overflowed from an
outlet port at the end of the bioreactor, maintain-
ing a constant level inside the column. The tem-
perature of the system was maintained at 45 °C
by circulating constant temperature water from a
circulator bath through the biomass column. The
contact time of metal ions through the column
was 60 min. this experiment was continued until
a constant Zn, Cu and Cd ion concentration was
obtained. After appling the optimum conditions
on the column by inter sample of Euphrates water
within the column, the percentage of removal of
Zn, Cd and Cu was 100%.

Calculations

The following equations were used to calcu-
late the biosorption process[26]:

Biosorbed metal concentration (mg/l) =
=6-G (1)

Figure 2. Laboratory treatment unit, where A: holder,
B: Pyrex column reactor, C: Biosorbent CNPs,
and D: collecting flask
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Biosorption% = (C,— Cf)/Co x 100 2)
where: C — the initial metal concentration, C/,—
the final concentration.

Statistical analysis

All experiments data were subjected to vari-
ous statistical tests for the significant differences
such as; analysis of variance (F test) and least sig-
nificant differences test (LSD test) [29].

RESULTS AND DISCUSSION

Factors effect on biosorption process

Effect of initial metals concentration

It seems that the highest mean value (85.14
+ 5.86 mg/1) of Cd concentration biosorbed from
aqueous solution was recorded in case of initial
Cd solution contains 100 mg/l at temperature of
45 °C whilst the lowest mean concentration (9.77
+ 1.1 mg/l) was found in solutions having initial
concentration of 10 mg/I at temperature of 10 °C.

m10C° m25C

100

80

Mean biosorbend Cd mg/|

However, the rest solution temperature again
with Cd content of 100 mg/l gave mean values
of biosorbent ion concentration varying from
62.3 £5.17 mg/l at 35 °C to 67.95 + 6.05 mg/1 at
55°C (Fig. 3). Regarding Cu ions, it seems that
the highest mean value (97.92 + 4.08 mg/l) of Cu
concentration biosorbed from aqueous solution
was recorded in case of initial Cu solution con-
tains 100 mg/I at temperature of 45 °C while the
lowest mean concentration (8.34 & 2.74 mg/l) was
found in solutions having initial concentration of
10 mg/l at temperature of 10 °C. However, the
rest solution temperature again with Cu content
of 100 mg/l gave mean values of biosorbent Cu
ion concentration varying from 77.46 + 3.38 mg/l
at 55 °C to 87.32 £ 3.66 mg/l at 25 °C (Fig. 4).
For Zn ions, it seems that the highest mean
value (85.20 + 4.92 mg/l) of Zn concentration
biosorbed from aqueous solution was recorded
in case of initial Zn solution contains 100 mg/l
at temperature of 45 °C whilst the lowest mean
concentration (8.79 = 2.17 mg/l) was found in so-
lutions having initial concentration of 10 mg/1 at
temperature of 10 °C. However, the rest solution

m35C° m45C° m55C

60 ]
40
2° 11 -

[ N N

Wmgy 20mgy 30mgy, Omg, "Smgy 100mg, 250m,

Temperatures

Figure 3. Mean Cd concentration biosorbed from aqueous solution by walnut shells at various initial Cd
concentrations under different temperatures
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Figure 4. Mean Cu concentration biosorbed from aqueous solution by walnut shells at various initial Cu
concentrations under different temperatures

172



Journal of Ecological Engineering 2025, 26(2), 169-182

temperatures again with Zn content of 100 mg/1
gave mean values of biosorbent Zn ion concen-
tration varying from 66.5 + 2.15 mg/l at 55 °C to
75.06 + 3.62 mg/l at 35 °C (Fig 5).

Effect of pH

Apparently, the highest mean value of 92.4 +
3.54 mg/l of Cd ion biosorbed by walnut shells
from aqueous was recorded at solution pH 7 but
again with solution temperature of 45 °C while the
lowest mean value of 55.7 £ 2.55 mg/l was detect-
ed at pH of 4 with solution temperature of 55°C
(Fig. 6). For Cu, the highest mean value of 99.8
+ 3.02 mg/1 of Cu ion biosorbed by walnut shells
was recorded at solution pH 7 but again with tem-
perature of 45 °C whereas the lowest mean value
of 55.24 + 2.12 mg/1 was detected at pH of 4 with
temperature of 10 °C (Fig. 7). While, it seems
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very obvious that the highest mean value (94.39
+ 4.63 mg/l) of Zn ion biosorbed by walnut shells
was recorded at solution pH 7 but again with tem-
perature of 45 °C and the lowest mean value of
60.44 + 2.48 mg/l was detected at pH of 4 with
temperature of 55 °C (Fig. 8). Interestingly, solu-
tion pH of 7 has given the highest mean values
of ions biosorbed by walnut shells from aqueous
solutions at all examined temperatures while the
lower mean values have been recorded at solution
pH of 4 followed by values found at pH 5 and fi-
nally by those recorded at pH 6. However, these
findings suggest that increased solution pH from
4 to 8 has resulted in increased ion biosorption at
various temperatures. On the other hand, solution
temperatures have shown fluctuated change on the
biosorption process and this means that solution
pH variable plays obvious impact on such heavy
metal ions biosorption process.
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Figure 5. Mean Zn concentration biosorbed from aqueous solution by walnut shells at various initial Zn
concentrations under different temperatures
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Figure 6. Mean Cd concentration biosorbed from aqueous solution by walnut shells at various solution pH
with different temperatures
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Figure 7. Mean Cu concentration biosorbed from aqueous solution by walnut shells at various solution pH
with different temperatures
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Figure 8. Mean Zn concentration biosorbed from aqueous solution by walnut shells at various solution pH
with different temperatures

Effect of biosorbent mass

This test has found that the highest mean
value of Cd ions biosorbed by walnut shells from
all examined aqueous solutions was 97.85 + 3.08
mg/l occurred by 0.2 g at solution temperature
again of 45 °C whilst the lowest mean value was
44.72 + 2.78 mg/l was detected in case of 0.01 g
biomass weight with solution temperature of 55
°C. However, 0.1 g biomass weight has shown
mean values following those given by 0.2 g with
all examined solution temperatures (Fig. 9).

Cu ion solution test has found that the highest
mean value of Cu ions biosorbed by walnut shells
from all examined aqueous solutions was 99.73 +
3.77 mg/l found for biomass weight of 0.2 g at so-
lution temperature again of 45 °C whilst the low-
est mean value was 68.22 + 2.48 mg/l was detected
in case of 0.01 g biomass weight with solution
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temperature of 35 °C. However, 0.1 g biomass
weight has shown mean values following those
given by 0.2 g with all examined solution tem-
peratures. Furthermore, 0.01 g biomass weight has
shown the lowest mean values of biosorbed Cu ions
under all examined solution temperature (Fig. 10).
The experiment of Zn ion solution has found that
the highest mean value biosorbed by walnut shells
from all examined aqueous solutions was 86.0 +
4.34 mg/l by biomass weight of 0.2 g at solution
temperature again of 45 °C, whereas the lowest
mean value was 63.72 + 3.26 mg/l was detected in
case of 0.01 g biomass weight with solution tem-
perature of 10 °C. However, these results were
followed by those of 0.1 g biomass weight values
were recorded at solution temperatures of 10, 25
and 35 °C but at 55 °C, slight higher mean of Zn
ions biosorbed was achieved by 0.025 g (Fig. 11).
Additionally, this is consistent with the literature
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Figure 9. Mean Cd concentration biosorbed from aqueous solution by walnut shells at various biomass weight
with different temperatures
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Figure 10. Mean Cu concentration biosorbed from aqueous solution by walnut shells at various biomass weight
with different temperatures
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Figure 11. Mean Zn concentration biosorbed from aqueous solution by walnut shells at various biomass weight
with different temperatures

once the smaller the particle sizes of the sorbents
are, the greater the rate of adsorption, because of
the shorter mass transfer zone, causing a faster
rate of adsorption [30]. Also, larger particles with
spherical shapes, in general, present higher external
mass transfer than smaller particles and adsorption
from these particles is attributed to mass transport
inside the sorbent particles. When higher metal ad-
sorption is verified on smaller particles, as observed

with this study materials, the main process of metal
adsorption onto solid adsorbents are those based on
adsorption on the particle surface [31].

Effect of contact time

The quantity of total biosorption is determined
by the contact time of the biosorbents seems clear-
ly that the best mean value of Cd ion biosorbed
by walnut shells from examined aqueous solutions
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was 96.1 £ 3.97 mg/l was found in case of con-
tact time of 60 min and at solution temperature of
45 °C while the lower mean value of 52.4 £+ 3.28
mg/l at temperature of 10 °C (Fig. 12). For Cu
ion results, it obviously clear that the best mean
value of Cu ion biosorbed by walnut shells from
examined aqueous solutions was 95.79 £ 3.99 mg/1
was found in case of contact time of 60 min and at

100

8

o

4

o

2

Mean biosorbend Cd
mg/l
(<))
o o

. 5 M
Tem peratures Min n

15 Min

solution temperature of 45 °C but, the lower mean
value of 53.98 + 2.96 mg/l at temperature of 55
°C (Fig. 13). Obviously, the highest mean values
of Zn ions biosorbed by walnut shells from aque-
ous solutions were recorded at solution tempera-
ture of 45 °C for all examined contact times fol-
lowed by those at 35 °C again for all contact times
(Fig. 14), while remaining solution temperatures

B10C° m25C° m35C> m45C°> m55C°
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Figure 12. Mean Cd concentration biosorbed from aqueous solution by walnut shells at various contact times
with different temperatures
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Figure 13. Mean Cu concentration biosorbed from aqueous solution by walnut shells at various contact times
with different temperatures
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Figure 14. Mean Zn concentration biosorbed from aqueous solution by walnut shells at various contact times
with different temperatures
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gave fluctuated results of biosorbed Zn ions. How-
ever, such higher mean values were recorded for
temperature of 45 °C with all contact times, but
on the other hand, the lower mean values were
found in case of solution temperatures of 10 °C of
all examined contact times. Clearly, best contact
time values were 60 min.

Metal ions biosorption comparison

From these results, it seems clearly that the
highest mean values of all examined heavy metal
ions at various variables were recorded at solu-
tion temperature of 45 °C as a follows; Initial
heavy metal concentration of 100 mg/1, Solution
pH is 7, Contact time of 60 minutes, and Biomass
weight of 0.2 g as it seen in (Fig. 15).

Regarding this variable, this study has found
that highest mean biosorbed concentration
(97.92 = 4.08 mg/l) was recorded for Cu ions,
whereas the mean of biosorbed concentration of
both Cd and Zn were almost the same and they
were 85.14 + 5.86 and 85.20 + 4.92 mg/1 respec-
tively. In case of solution pH, it was found that
the highest mean value of biosorbed metal ion

100
80
60
40

20

Mean biosorption concenration mg/l

Ihl Coﬂc

by walnut shells was detected again for Cu ions
where it was 99.8 + 3.02 mg/l followed by that
of Zn ion having mean value of 94.39 + 4.63
mg/l, whereas Cd ions had the lowest mean val-
ue which was 92.4 + 3.54 mg/l. For contact time
factor, it seems very clear that both Cd and Cu
ions gave almost highest similar mean value of
ions biosorbed by walnut shells which were 96.1
+ 3.97 and 95.79 £ 3.99 mg/I respectively, while
Zn ion has recorded lower mean value of §9.94 +
4.64 mg/l. Regarding biomass weight, this work
has recorded highest mean biosorbed mean value
01 99.73 + 3.77 mg/l was for Cu ions whereas, it
was 97.85 + 3.08 mg/I for Cd ion while the low-
est value was detected for Zn ion having mean
value of 87.0 + 4.34 mg/l.

X-ray diffraction

X-ray powder diffracto-metric analysis of
carbon nanoparticles was carried out to identify
their crystal structure. The XRD spectrum of car-
bon nanoparticles in Figure 16 shows that there
are two Bragg diffraction peaks at near 20 = 8.90
and 16.01 [32].
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Figure 16. The XRD spectrum of walnut peel nano
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Scanning electron microscopy (FE-SEM)

The SEM analysis was done to follow up the
changes made to walnut peel nano production
process affected the surface morphology. Fig-
ure 17 show that the carbon consist of irregular
shaped particles having rough surface and caves.

Transmission electron microscopy

TEM images of walnut peel nanoparticles pre-
pared via 2.2 indicates that nanoparticles were pro-
ducing particles with diameter less than 3.5 nm.

Laboratory treatment unit

With regard to the laboratory treatment unit,
this system was designed for the purpose of treat-
ing heavy metal ions present in the water of the
Euphrates River, where samples were collected
from the river water in three replicates from se-
lected sites such as the site of the teaching hospital
in the city of Ramadi within Anbar Governorate,
it was revealed that there are different concentra-
tions of heavy metal ions whose amounts exceed
the internationally permissible limits, given that
most of the hospitals located on the banks of the
river throw their wastewater directly into the river
water without any treatment. This water usually
contains different concentrations of heavy metals
generated from patient lobbies, radiology clinics,
drug residues, and other dangerous pollutants that
find their way directly into the river water, which
increases the environmental burden of such pol-
lutants in the river water, causing a deteriora-
tion in the quality of this water and determining
its various uses. However, the concentration of
heavy metal ions was measured in the river wa-
ter, which included the elements of (Zn, Cu, and

Signal A « SE2 Dau

200 nm ENT = 25.00 kV 0 4 Mar 2024 ZEINY
f— WD« 4.0mm Mag« S0.00KX  User Text

Figure 17. Fe-SEM image of walnut peel
Nano-particles
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Cd), where the concentrations reached 0.09 +
0.01, 1.08 £ 0.2, and 0.03 = 0.01 mg/l, respec-
tively. Yet, these values disappeared for all ele-
ments when treated with the laboratory treatment
unit under the same optimal conditions that the
study found. Pollution of water with heavy met-
als have great concern, the utilization of walnut
shell as biomass for heavy metals removal due to
its availability, very effecting use and cheap. Bio-
sorption of heavy metals from aqueous solutions
is arelatively alternative technology for treatment
of domestic wastewater [33]. Walnut shell have
great ability to adsorb heavy metals from aqueous
solutions. This study was done to obtain optimum
conditions for biosorption of heavy metals by
walnut shell, it is clear that the results of factors
effecting biosorption of heavy metals were:

e initial concentration of metals = 100 ml/l, at
this initial concentration the mean value was
the highest whereas the lowest mean value
was in the case of initial concentration = 10
ml/l of Cd, Cu and Zn is may due to the bio-
sorption process of metals ions increases with
the increase in the number of ions competing
for the available binding sites in the biomass
until it reaches at optimal concentration =100
ml/l but in case of greater concentration levels
such as (250 ml/l) there are no binding sites
available within biomass for the complexation
of Cd, Cu, and Zn ions according to absorva-
tion the Figures (3, 4, 5) [34, 35].

e pH = 7, the effect of pH on biosorption is
shown in Figures (6, 7, 8) the highest mean
value was recorded at pH = 7 while the lowest
mean value was at pH = 4, that mean the bio-
sorption increases with increase pH, this may
be attributed to the increase in pH (7) which
resulted in increasing the negative charge on
the surface of the peels favoring electrochemi-
cal attraction and adsorption of metal and the
increase in adsorption capacity at higher pH
values can be attributed to the weak inhibitory
effect of H,O" ions. While at low pH = 4 more
H,O" ions will be available to compete with
Cu, Zn and Cd ions for the adsorption sites of
the biosorbents. In addition, at low pH most of
the functional groups are protonated. This will
reduce the number of binding sites available
for the adsorption of metal ions [35],

e biomass weight = 0.2 g the highest mean value
was obtained at mass = 0.2 g while the lowest
mean value was recorded at mass of 0.01g due
to an increase in the weight of biomass may
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account for the overall improvement in the
initial rate of metal removal by increasing the
number of active sites on the surface available
for adsorption while at mass of 0.01g there are
no available binding sites for adsorption of
metal ions from aqueous solutions as noted in
Figures 9-11 [36].

e contact time = 60 minutes followed by that of
30 minute, Figures (12, 13, 14) whereas con-
tact times gave increased under study ions bio-
sorbed by walnut shells from the aqueous so-
lution were started with one min (lowest mean
value) up to 60 min (highest mean value), No
further increase in the level of bounded Cu, Zn
and Cd after 60 min. Therefore, 60 min was
selected as equilibrium time for biosorption
process at all examined temperatures then de-
clined to value almost similar to that biosorbed
at 15 min for all heavy metal ion solutions.
Nevertheless, biosorption rises with increas-
ing contact time until it reaches the optimal
contact time, when all points stays practically
constant, as all active sites are occupied, thus,
the biomass becomes saturated, resulting in an
equilibrium that identical to study of Nacke
[37]. As observed in Figure 15 the highest
mean biosorbed concentration was noted by
Cu Followed by cd and Zn respectively there-
fore it can be said that the reason behind is the
presence of affinity between the adsorbent and
the heavy metal ion [38].

X-ray diffraction, scanning electron micros-
copy and transition electron microscopy examina-
tions for walnt shell were done, the result of XRD
was the peak at near 20 = 8° indexed as (002)

is an indication of the presence of large amounts
of amorphous material in association with multi-
walled carbon nanotubes and the peak at near 20
= 14.5° indexed as (101) plane is an indication
of the low quality of carbon nano-materials, It
has also been reported that the peak at near 20
= 23.4° indexed as (101) plane is an indication
of the presence of hexagonal graphite lattice, In
the present study, the peaks at near 26 = 17° were
indexed as (002) planes which correspond to the
presence of large amounts of amorphous carbon
nano-materials, in association with hexagonal
graphite lattice [31].

The SEM The results depicted in Figure 17
reveal that the walnut peel has irregularly shaped
particles with a rough surface and cavities, sug-
gesting a high specific surface area. This occurs
as the walnut shell chains are destroyed when
combined with potassium hydroxide (KOH) and
subjected to combustion through a small aperture
at temperatures exceeding 600 °C, while the re-
sults of the TEM analysis reveal the production of
nanoparticles with diameters less than 3.5 nm [39].

TEM examination indicated the existence of
inhomogeneous particles (Figure 18), potentially
attributable to inadequate temperature in the inner
zone. The dimensions of the walnut peel generated
differed among samples, suggesting that heating
temperature may be the principal factor influenc-
ing their sizes [39]. The efficacy of the laboratory
treatment unit was evaluated for the elimination
of heavy metals (Zn, Cu, and Cd) in water from
various sites along the Euphrates River, includ-
ing Ramadi Hospital. The concentrations of Zn,
Cu, and Cd were measured at 0.09 = 0.01, 1.08 +

150 nm Mag = 35.970 KX

DayPetronic Company

Figure 18. TEM of carbon nanoparticles
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0.2, and 0.03 + 0.01 mg/1, respectively. Following
treatment under optimal laboratory conditions,
the removal efficiency reached 100%, indicating
the system’s high effectiveness in treating waste-
water contaminated with heavy metals.

As a result of the significance of nanoparti-
cles, it was utilized in a variety of biological do-
mains in general [40—42].

CONCLUSIONS

One useful use for walnut peels is as a plant
waste product that can remove or reduce the con-
centration of heavy metal ions in water, particu-
larly when those ions are in their nano carbonic
form. Under ideal conditions — which included an
initial concentration of 100 mg/l, a retention time
of 60 minutes, a temperature of 45 °C, a pH of
7, and a peel weight of 0.2 grams — these plant
byproducts biosorptionally removed cadmium,
copper, and zinc ions at a rate of 90%. The XRD,
SEM, and TEM results, however, supported this.
To sum up, walnut shell-derived carbon nanopar-
ticles are excellent adsorbents for heavy metal ion
removal from water.
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