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Abstract

Adsorbents based on agricultural biomass have been subjected to several investigations in recent years owing to their low cost and
promising adsorption capabilities. This paper aimed to demonstrate the efficiency of utilizing date pits modified with hydrogen
peroxide as agricultural biomass in extracting heavy metals from polluted water in a column continuous flow system. The resulting
modified adsorbent (MDP) has a surface area of 278.18 m?/g. The derived adsorbent was investigated under changed operating
parameters including the flow rate (4-12) ml/min, pH (4-10), initial metal ion concentration (30-60) mg/L, and temperature (20-50)
°C to determine their effect on heavy metals adsorption efficiency. The response surface methodology (RSM) experimental design
was utilized to study the primary and combined influence of four key parameters, including (A) initial metal ion concentration, (B)
pH solution, (C) solution temperature, and (D) flow rates of the influent, on the metal removing efficiency (Re%). optimization in
fact, an analysis of variance (ANOVA) revealed a high coefficient of regression, or R2 > 0.90. Furthermore, the removal efficiency
was positively influenced by reducing the initial ion concentration, flow rate, and temperature. in addition, the pH shows maximum
effectiveness at a neutral state. In general, Cu (I1) adsorption shows a higher affinity to adsorb over the MDP surface compared to Zn

(I1). The MDP adsorbents exhibited a promising removal efficiency for metal ions and further investigations are needed.

Keywords. Heavy metals; Adsorption; Fixed bed Column; Date pits; Wastewater.

Received on 16/09/2023, Received in Revised Form on 04/11/2023, Accepted on 05/11/2023, Published on 30/06/2024

https://doi.org/10.31699/IJCPE.2024.2.13

1- Introduction

Freshwater is the most valuable natural resource
available on earth and it is essential for every living
creature on the planet the Earth has a surface that is 71%
covered by water, yet freshwater, crucial for drinking,
bathing, and irrigation, is scarce, constituting only 3% of
the total water on the planet, much of which is
inaccessible [1-3]. Heavy metals are organic compounds
that, despite their small amounts, cause significant
pollution to people and other living things, and they
persist for a long time due to their unsustainable nature
[4-6]. As soon as heavy metals enter streams, they can
accumulate in fish and other aquatic animals. Humans
may then become exposed to these pollutants through the
consumption of contaminated water and food [9-11].

Many techniques, including ion exchange systems [13],
adsorption, evaporation, chemical precipitations [12],
reverse osmosis (RO), Nano filtration membranes [14],
and ion exchange systems [13], are frequently used to
treat wastewater streams contaminated with heavy metals.
The unique properties of the heavy metal pollutants and
the wastewater's composition can affect how effective
each treatment method is [15-17].

Adsorption process based on surface separation
phenomenon in which the substances that stuck in a fluid
attach or adhere to a solid material called the adsorbent
over its both exterior and interior surfaces. Essentially, it

employs interphase transfer to eliminate surface-active
substances [18, 19]. In other words, this process is
selectively separation (kinetic and/or thermodynamic
selectivity) of pollutants over an adsorbent surface due to
specific interactions, basically mass transfer between the
fluid-solid phases [20-22], It is a highly efficient method
for treating water contaminated with heavy metals. It has
gained widespread recognition and popularity due to its
capability to effectively eliminate inorganic pollutants,
even at low concentrations Typically, the material that
absorbs the heavy metals is a solid that has a strong
attraction to the metals [18, 23].

Materials that can be found in nature, known as natural
adsorbents, can be used to extract heavy metals from
water [24—-26]. Orange peel [27, 28], leaves, wheat-based
materials [29, 30], brown algae [31], eucalyptus bark [32,
33], sugar beet pulp [34], olive stone [35, 36], papaya
seed [37, 38], These materials are plentiful, carbon-rich,
and easily processed into adsorbents with high surface
area and porosity. Natural clays, zeolites, fly ash,
sawdust, miscellaneous, and sludge have also been
discovered to be effective heavy metal adsorbents. One
natural adsorbent that is offered is raw date pits. A cheap
and abundant waste product from the dates industry.
hazardous metals elements as an instance nickel (Ni),
arsenic (As), lead [39], (Pb), iron (Fe), cobalt (Co),
cadmium (Cd), zinc (Zn) [19], copper (Cu) [40], and
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mercury (Hg) [41, 42] ...etc. are discharged into water
bodies and environment by various human activities,
including manufactory industrial processes, mining,
agriculture, and improper disposal of waste.

There is currently little research on the potential of raw
date pits as a natural bio-adsorbent that can efficiently
remove heavy metals from water. To optimize the use of
raw date pits for heavy metal removal and to ascertain the
long-term environmental impact of doing so, more
research is needed. This study makes use of date pits, a
readily available, reasonably priced, and underutilized
plant material, to extract Zn(ll) and Cu(ll) from an
aqueous solution in a fixed-bed column. The study
examined the statistical relationship and impacts of
different operating parameters, including temperature,
feed flow rate, pH of the initial solution, and initial metal
concentration, on the bio-adsorbents of these metals.

2- Materials and Methods

Al-Zahdi, Iraqgi date pits, were obtained from the Al-
Hour area in the Karbala governorate. De-ionized distill
water, CuSO4.5H20, ZnSO4.7H20, HCI, and NaOH
were purchased from Sigma Aldrich and utilized in this
study. All of these chemicals have a purity level of 99%.

2.1. Experimental Procedure
e Preparation of Raw Date Pits

The Zahdi date pits were rinsed using de-ionized water
to remove residual edible components and particulate
matter. Subsequently, they were left to undergo natural
drying under sunlight for an extended period. Finally, the
pits were dried in a Sanyo oven at 100 °C for 2 hours. The
date pits were ground for about 30 minutes in an electric
mill (Generic Co., JIQI, China), homogenized, and sieved
at 2-3 mm Fig. 1 displays the raw and ground date pits.
The main features included actual density, surface area,
porosity, and apparent density of 1.3 g/cm?, 0.416 m?/g,
0.45, and 0.75 g/cmd, respectively, and moisture content
and ash of 12.49% and 1.24%, respectively [43].

Fig. 1. Date Plts before and after Grinding

Hydrogen peroxide (H20, 1M) was used to modify the
resulting adsorbent to enhance the surface functionalities
(OH). The treatment includes adding 100 mL of 30%
H202 solution (to provide the adsorbent surface with
negative functionalities (-OH)) [44], into a beaker
containing 10 g of dried biomass with continued mixing
for 24 hours, filtering, washing with DI water, and drying.
The resultant charcoal was labeled as MDPs.

Laboratory-grade hydrogen peroxide 30% contains
intermediate purity and is suitable for educational or
research laboratories. Higher purity can be dangerous
because hydrogen peroxide is a very strong oxidizing
agent. In addition, peroxide treatment may have a
different outcome, such as destroying or eliminating part
of the functional groups in charge of adsorption [45].

2.2. Experimental Set-up

A fixed bed column was used for bio-sorption
experiments. The schematic diagram of the experimental
setup is shown in Fig. 2. The setup has a 20 L closed feed
tank filled with metal ions solution at a specific
concentration for the selected experiments. A Perspex
column with a length of 30 cm and a 2.5 cm inner
diameter was employed. Fiberglass wool layers of 3 mm
were fixed at the bottom and top of the bed adsorbent to
stabilize the bed height constant, support the bed, and
keep the bed at a constant amount. This support was
retained using a fixed stainless steel sieve during the
experiment.
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Fig. 2. Schematic Representation of the Experimental
Setup

The contaminated water was delivered to the bottom of
the column via a peristaltic pump (Model: BT100-1J
Longer Pump).

A valve and flow meter were employed to guarantee a
steady flow rate passed through the system. The column
was packed with adsorbents to achieve a bed height of 15
cm. 5 ml samples of the column effluent were collected in
a beaker after 20 min to determine the concentration of
the residual pollutant for determining the metal ion
removal  efficiency (Re%). The  concentration
measurement of metal ions in the effluents was performed
using atomic absorption spectroscopy.

The experiments were carried out to investigate the
effect of changing common operating parameters by
determining the metal ion removal efficiency (Re%)
which is defined by Eq. 1.

_mass of metal ions adsorbed in the column (mg)

Re% * 100 =

mass of metal ions loaded in the column (mg)

Con 1—5 dt
— 100 €))

140



H. A. Mohsen and A. N. Ghanim/ Iraqi Journal of Chemical and Petroleum Engineering 25, 2 (2024) 139 - 150

Where CO and Ct represent the metal ion concentration
(mg/l) at entering and at sampling time (t, min)
respectively. Q is the flow rate (I/min).

2.3. experimental design
e response surface methodology (RSM)

In the present research, response surface methodology
(RSM) was utilized to study the primary and combined
influence of four key parameters, including (A) initial

metal ion concentration, (B) pH solution, (C) solution
temperature, and (D) flow rates of the influent, on the
metal removing efficiency (Re%). Table 1. presents the
design factors and their values. ANOVA analysis was
performed in Design Expert 13.0 to imply a regression
equation for the response. The primary impacts of the
independent variables are denoted as A, B, and C,
whereas the interplay between factors could be
characterized as AB, AC, and BC interaction effects.

Table 1. Factors and their Levels

Levels
Factors Unit Symbol Low Level (-1) Intermediate Level (0) High Level (1)
Initial concentration (C), mg/lit A 30 45 60
Ph. B 7 10
Temperature (T), °C C 20 35 50
Flow rate (Q), lit/min D 8 12

3- Results and Discussion
3.1. Bio-adsorbent Characteristics
A- Scanning Electron Micrographs (SEM)

SEM analysis was employed to examine the
morphological properties of prepared adsorbent surfaces,
as shown in Fig. 3. The SEM image for RDP shows that
the low or no significant pores in the adsorbent surface
while the porosity of the modified date pits (MDP) is
greater than that of the raw material (RDP) with the mean
surface area of (278.18 m?/g). However, it can be seen
from the figure that MDP has a narrow size distribution
and a regular shape with a greater tendency to
agglomerate. The produced MDP adsorbent particles
generated a large porous structure that is suited for target
metal adsorption [39]. Hydrogen peroxide (H20,)
modification improved the surface functionalities (—OH)
of the produced DP by establishing negative
functionalities (-OH) over the surface, decomposing
organic parts, avoiding cellulose degradation, and
reducing biomass resistance. The (H202) treatment
produces a larger porosity surface and higher contents of
O due to hydroxyl functionalities compared to the raw
material [40].

B- Fourier transform infrared spectroscopy (FTIR)

Fig. 4 show the FTIR analysis within region of 400-
4000 cm—1 wavelength that carried out before and after
adsorption to identify the surface functionalities and
possible adsorption mechanism  for MDP. The FTIR
spectrum of MDP was measured, a broad peak at 3200-
3600 cm-1 is attributed to hydroxyl group stretching
vibration which is characteristic lingo cellulosic peaks
and appeared when water used in the preparation process
and due to modifying agent used [46]. The weak band
aliphatic stretching vibration C-H that suggest presence
of hemicellulose and cellulose is located between 2800-
3000 cm-1 and become weak after burning process, while
the vibrations at 1743 cm-1 represents the existence of
unconjugated carbonyl (C=0), imine (C=C) at 1635 cm1,
C-O at 1242.16 and C-N bands showed at 1373cm-1.

Carboxylic acids groups COOH stretching can also be
located at band of 1242 cm-1. In addition, C-O-C
vibrations is assigned to the bands appearing at and
1157cm-1 [47].

After metal ions adsorption, some bands have been
shifted, developed, or disappeared as a result of adhesion
of metal ions over MDP surface. Moreover, a hew peak at
586 cm_1 was created as stretching vibration of lon-O
bond, indicating the adsorption of ions to MDP surface.
The effective binding of ions on MDP was confirmed by
FTIR investigations, and the functional groups -COO, -
CO, and -CH were actively involved in the zinc and
copper adsorption.

These results could lead to the hypothesis that the C-O
and -OH or NH C=0 functions played a major role in
lone-pair transfer and electrostatic interactions during the
binding of Cu(lll) and 2Zn(ll) across the surface.
Therefore,  coordination-binding and  electrostatic
interactions might be viable mechanisms for metal
adsorption [46].

3.2. Response Surface Methodology(RSM)

The response results (removal efficiency (Re%)) are
depicted in Table 2, indicating that the investigated
factors at different levels substantially affected removal
efficiency.

A- Statistical Analysis

In this study, the ANOVA analysis indicates that the
regression equation successfully captures the relationship
between the response variable and the independent
variables and their interactions. Furthermore, the variables
included in the equation demonstrate statistical
significance in explaining the variations observed in the
response variable. By examining the F-values and p-
values, the variables with higher F-values and p-values of
less than 5% are identified as the key contributors in this
relationship [10, 11, 48].

ANOVA analysis illustrated in Table 3 and Table 4
indicates that the suggested model has p-values less than
0.05, so the models can desirably represent the statistical
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outcomes and study the optimal conditions for a metal D (Flow rate), BD (pH and Flow rate), B2 (second-order
adsorption process [49]. Furthermore, variables with p-  PH), and B2 (second-order pH), AD (initial Cu+2 conc.
values less than 5% had statistical significance and were  and flow rate), were taken as the most significant model
considered contributors to the implied model. According  variables as compared to B (pH). Also, those variables
to their p-values, A (initial Cu+2 conc.), C (Temperature),  with higher F-values describe their influence [50].

,‘ smn ™~ spec1507E|Campary 2 & ect150.FEl Conpa 3 P00 4 00 [T 2486 3P "
Fig. 3. SEM Images of RDP (A-C) and MDP (D—F) at Various Magnification: 1000x and 10 um;3000x and 5 pm: and
6000x Magnification with 2 pm Diameter
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Fig. 4. FTIR Spectra of RDP and MDP
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Table 2. Summary of Factorial Design Experimental Data for Heavy Metals Adsorption Using MDPs

Std Factor (1) A: Conc. Factor (2) B: pH Factor (3) C: Temp. (°C) Factor (4) D: Flowrate Zn Re% Cu RE%
(ppm) (/min)
1 30 4 35 8 46.8 57.4
2 60 4 35 8 66.7 87.2
3 30 10 35 8 42.4 55.5
4 60 10 35 8 62.5 85.1
5 45 7 20 4 67.2 90.6
6 45 7 50 4 59.6 76.5
7 45 7 20 12 59.6 82.3
8 45 7 50 12 395 56.8
9 30 7 35 4 60.9 74.5
10 60 7 35 4 67.1 91.1
11 30 7 35 12 40.6 44.8
12 60 7 35 12 60.6 82.6
13 45 4 20 8 65.4 85.4
14 45 10 20 8 63.7 85.3
15 45 4 50 8 454 59.5
16 45 10 50 8 40.5 51.7
17 30 7 20 8 59.2 77.9
18 60 7 20 8 69.3 93.7
19 30 7 50 8 39.6 51.6
20 60 7 50 8 59.5 81.3
21 45 4 35 4 66.9 64.5
22 45 10 35 4 62.4 82.4
23 45 4 35 12 46.7 62.9
24 45 10 35 12 424 60.7
25 45 7 35 8 60.6 79.6
26 45 7 35 8 60.6 79.6
27 45 7 35 8 60.6 79.6

Table 3. Analysis of Variance (ANOVA) Results for Quadratic Model (Cu2+) Removal

Source Sum of Squares Df Mean Square F.value p.value
Model 5022.23 14 358.73 19.09 <0.0001 Significant
A-concentration 2114.71 1 2114.71 112.54 < 0.0001
B-Ph 1.20 1 1.20 0.0640 0.8045
C- Temperature 1582.40 1 1582.40 84.21 <0.0001
D-Flow rate 667.52 1 667.52 35.52 < 0.0001
AB 0.0100 1 0.0100 0.0005 0.9820
AC 48.30 1 48.30 2.57 0.1349
AD 112.36 1 112.36 5.98 0.0309
BC 14.82 1 14.82 0.7888 0.3919
BD 101.00 1 101.00 5.38 0.0389
CD 32.49 1 32.49 1.73 0.2131
A2 21.69 1 21.69 1.15 0.3038
B2 312.46 1 312.46 16.63 0.0015
c2 3.24 1 3.24 0.1723 0.6854
D2 70.73 1 70.73 3.76 0.0762
Residual 225.49 12 18.79
Lack of Fit 225.49 10 22.55
Pure Error 0.0000 2 0.0000
Cor Total 5247.72 26
Table 4. Analysis of Variance (ANOVA) Results for Quadratic Model (Zn2+) Removal
Source Sum of Squares df Mean Square F-value p-value
Model 2684.42 14 191.74 28.30 <0.0001 Significant
A-concentration 803.60 1 803.60 118.61 <0.0001
B-ph. 48.00 1 48.00 7.08 0.0207
C-temperature 838.34 1 838.34 123.74 <0.0001
D-Flow rate 779.24 1 779.24 115.01 <0.0001
AB 0.0100 1 0.0100 0.0015 0.9700
AC 24.01 1 24.01 3.54 0.0842
AD 34.81 1 34.81 5.14 0.0427
BC 2.56 1 2.56 0.3778 0.5502
BD 0.0100 1 0.0100 0.0015 0.9700
CD 39.06 1 39.06 5.77 0.0334
A? 9.54 1 9.54 1.41 0.2583
B2 108.60 1 108.60 16.03 0.0018
C2 31.36 1 31.36 4.63 0.0525
D2 12.81 1 12.81 1.89 0.1942
Residual 81.30 12 6.78
Lack of Fit 81.30 10 8.13
Pure Error 0.0000 2 0.0000
Cor Total 2765.72 26
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The experiential relation between the response, which is
the removal percentage, and the independent variable is
shown in Table 5. The positive terms show the synergistic
effect of variables and the negative terms represent the
antagonistic effect. The R? value is the variability
between the predicted data and the experimental data. R?
values for all regression equations were often closer to 1,
indicating that the models may be used to predict
responses in terms of chosen variables. Additionally, the
little difference between adjusted R? and anticipated R?
can be used to demonstrate the relevance of the
constructed regression equations. In general, the predicted
R2 is in reasonable agreement with the adjusted R?; i.e.,
the difference is less than 20%.

For the regression equation of copper removal via MDP,
the attained R? is 92.41%, which explains that 92.41% of
experimental data agreed well with the predicted data.

The removal efficiency was directly correlated with the
initial ion concentration, linear pH, and the interaction
between concentration and flow rate, according to the
model equations. Additionally, it exhibited an inverse
relationship with the following variables: temperature,
feed flow rate, square PH, interaction between
concentration and flow rate, and pH and flow rate.

For the regression equation of zinc removal via MDP,
the attained R? is 94.7%, which explains that 94.7% of
experimental data agreed well with the predicted data.
According to model equations, the removal efficiency was
directly proportional to the initial ion concentration, linear
pH, and the interaction between concentration and flow
rate. Furthermore, it was inversely proportional to the
temperature, feed flow rate, square PH, interaction
between concentration and flow rate, and interaction
between temperature and flow rate.

Table 5. Model Summary and Modified Regression Equations

Hetjteal?s f The Equation R2 Adj;ftw PrecF|{|;: ted
Cu+2 51.0+ 0.178 A (conc. )+ 13.36 B (pH)- 0.7656 C (Temp.)- 2.91 D (Flow rate)- 9241%  89.61% 81.7%
0.707 B (pH)*B (pH)+ 0.0883 A (conc. )*D (Flow rate) - 0.419 B (pH)*D (Flow rate)
Zn+2 59.0 +0.129 A (conc. ) + 4.64 B (pH) - 0.141 C (Temp.) — 2.50 D (Flow rate) - 0.379 B 94.7%  92.74% 89.16%

(pH)*B (pH) + 0.0517 A (conc. )*D (Flow rate) - 0.0521 C (Temp.)*D (Flow rate)

The statistical approximations in Fig. 5 were determined
to be a sufficient fit with the experimental data, as
evidenced by a distribution of actual and projected values
closer to the diagonal line for model responses. Simply
put, this aids in determining the robustness of an
empirical model based on outliers or data point noise. The
greater the number of outliers, the less useful and
dependable the model. The data points were distributed
rectilinearly, as illustrated in Fig. 5, with no discernible
patterns obtained. As a result, the already developed
models were satisfactory in terms of accuracy and could
predict responses that were compatible with real data
[51]. Similarly, in Fig. 6, the highest divergence between
projected and measured metal ion removal is less than
4%, indicating that the model's assumptions have been
met and the model is operating well.

B- Interactive Effect of Variables

The 3D surface plots presented in Fig. 7 and Fig. 8 for
Cu and Zn removal, respectively, depict how individual
and interactive effects of initial metal concentration, pH,
temperature, and feed flow rate influence metal removal
efficiency. These plots provide empirical evidence that
supports the relationships between the responses and the
model variables as proposed by regression models.

Predicted vs. Actual
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40 50 60 70 80 20 100
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(A)

Predicted vs. Actual

&0 —|

20 —

Actual

(B)
Fig. 5. The actual versus predicted values for copper (A)
and zinc (B) removal efficiency
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Residuals vs. Predicted
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phase, causing a reduction of interaction of the adsorbates
surface and the adsorbents, thereby resulting in higher
effluent concentrations before equilibrium is reached.
Also, this result suggested that the column was not
exhausted at a lower flow rate and had a longer saturation
time. These findings are in good agreement with the study
of Amin [53]. Furthermore, increasing the pH of the feed
solution resulted in the development of three main
regions, with the highest values for the neutral solution
being Cu (1) at 93.7% and Zn (I1) at 69.3% removal, this
means that when the concentration of H* increases, the
surface of the biosorbent becomes more positively
charged, lessening the attraction between adsorbent and
metal ions. In contrast, as pH rises, more negatively
charged surfaces become available, allowing for increased
metal uptake. At higher pH levels, the ions precipitate as
hydroxides, reducing the rate of adsorption and, as a

Residuals vs. Predicted

400 —|
3.64507

2.00 —

2.00 —|

-3.64507

-4.00 —

25 35 a0 as 50 55

Predicted
(B)
Fig. 6. Plot Between Residuals and Predicted for Copper
(A) and Zinc (B)

The main effects of the process parameters on removal
efficiency for Copper and Zinc metals are shown in Fig. 7
and Fig. 8 respectively. The removal efficiencies were
significantly increased by increasing the initial
concentration from 30 to 60 ppm, resulting in an 18% and
8.38% increase in Cu (Il) and Zn (I1) removal efficiency,
respectively indicating a larger concentration gradient and
improved adsorption process, resulting in an increased
driving force for the adsorption process. These findings
are in good agreement with the study of Azam [40].
Increasing the temperature and feed flow rate had a
negative effect. The removal efficiencies were decreased
by increasing the system temperature from 20 to 50°C,
which resulted in a 10.2166% and 8.3% decrease in Cu
(1) and Zn (I1) removal efficiencies, respectively, as
temperature increases, adsorption decreases due to weak
interaction between biomass surface and metal ions,
resulting in exothermic nature and dissociation of active
sites for adsorption [52, 53]. In addition, increasing the
flow rate from 4 to 12 I/min resulted in a 15.167% and
6.867% decrease in Cu (II) and Zn (Il) removal
efficiencies, respectively, the higher feed flow rate
affected the retention time of pollutants in the aqueous
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result, the percent removal of metal ions [54].
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4- Conclusions

This study investigated the removal effectiveness of
modified date pits (MDPs) from water contaminated with
heavy metals using a column bed dynamic mode since it
is a low-cost, abundant, and locally available adsorbent.
The SEM image for MDP shows a narrow size
distribution a regular shape a greater tendency to
agglomerate and interestingly a higher porosity structure
than (RDP) that is suited for target metal adsorption.
Hydrogen peroxide (H202) modification improved the
surface functionalities (-OH) of the produced DP by
establishing negative functionalities (-OH) over the
surface. RSM was discovered to be a highly useful
technique for the optimization of metal adsorption
parameters. In fact, an analysis of variance (ANOVA)
revealed a high coefficient of regression, or R? > 0.90,
which supported the model's good fit with the
experimental data. Furthermore, the removal efficiency
was positively influenced by reducing the initial ion
concentration, flow rate, and temperature. However, the
pH shows maximum effectiveness in at neutral solution.
In general, Cu (Il) adsorption shows a higher affinity to
adsorb over the MDP surface compared to Zn (11).
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