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Abstract
In this study, it is aimed to remove nickel from the simulated body fluid by adsorption technique in order to reduce its harmful 
effects on the human body. Activated carbon was used for the adsorption of Ni(II) pollutants that may occur in the simulated 
stomach medium. Activated carbon gave a very porous structure with different sizes of pores by presenting a morphology 
suitable for the adsorption process. The results show the efficiency of activated carbon with interesting surface area values 
(1689 m2 g−1) and total pore volume (0.842 cm3 g−1). The most suitable adsorption parameters for nickel ions in the stomach 
environment simulated in a batch system (pH, time, mixing speed, amount of adsorbent, and the effect of other ions, etc.) were 
investigated. The initial nickel ion concentration was 10 mg L−1 and the adsorbent amount was 0.3 g, and it was determined 
that the maximum retention efficiency of nickel ions in the pH range 3.5–5.5 was 92%. The activated carbon material was 
also highly effective, with a maximum of 91.8% removal at 10 mg L−1 of Ni(II) solutions. Finally, the prepared material has 
basic properties that make it an effective adsorbent in purifying the pollutants that occur in the simulated stomach medium 
and we recommend that it can be used to clean the stomach environment in nickel poisoning in emergency interventions.
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1  Introduction

Nickel, which is one of the most common contaminants in 
water and agricultural areas, is easily transferred to various 
plants and poses a significant threat to human life [13, 18]. 
Nickel is shaped in nature due to human activities in addi-
tion to its natural diffusions; It is emitted into the atmos-
phere through the combustion of fuels, mining and refining 
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processes, and the ashing of urban waste. Although nickel 
has no known biological function other than its presence in 
the urease enzyme, it has a moderate toxicity. The organic 
form of nickel is more toxic than its inorganic form. Accu-
mulation of nickel is observed in tissues such as the lungs, 
intestines, and skin with the intake of high doses of soluble 
nickel salts or accidental consumption of nickel-contami-
nated water and nutrients [13]. In addition to irritating the 
skin, it has toxic and carcinogenic effects on the cardiovas-
cular system [17]. It has toxic properties for some plant spe-
cies in a certain overdose (0.18–5 mg L−1) [14]. Foods are 
recommended to contain less than 150 µg of nickel per day 
[22].

The adsorption technique is a method used for years in the 
removal of toxic substances from the organism to reduce the 
harmful effects of toxic substances entering the human body 
for any reason [10]. Activated carbon is frequently used in 
the removal and destruction of hazardous components in 
liquid and gas phase [33]. In oral poisoning, activated carbon 
is the most common application for removing toxin from 
the body [1]. Activated carbon can adsorb toxic substances 
10 times its own volume due to its porous structure. Since 
activated carbon is a substance that is not absorbed in the 
intestine, it also adsorbs the toxic substance and turns it into 
a non-absorbable state. However, the weak adsorption affin-
ity of heavy metals to activated carbon used in the stomach 
environment at low pH is undesirable. This situation high-
lights the use of chelate as an alternative in heavy metal 
poisoning. The fact that chelating agents are expensive and 
the occurrence of undesirable effects make it important to 
use activated carbon types, which adsorb at low pH and are 
more inert than chelating agents, in this field.

Studies have shown that 69.1% of the toxin can be bound 
when activated carbon is applied in the first half hour after 
the ingestion of toxic substances, and 34.4% when given in 
the first hour. Another important feature of activated carbon 
is that it absorbs and binds some of the toxins that have 
been absorbed and mixed into the circulation by diffusion 
to the intestinal lumen and excreted. Thus, it almost func-
tions as an intestinal dialysis [16, 25]. Rey-Mafull et al. [28] 
using a simulated stomach medium conducted a comparative 
adsorption study of acetaminophen on commercial activated 
carbon samples (Norit E Supra USP, Norit B Test EUR, 
ML) obtained from different sources. Comparison of three 
activated carbons with different activities showed that the 
microporous structure and surface chemistry play a criti-
cal role in defining their adsorption capacity. In a similar 
study in the literature [27], it was observed that 84% of cad-
mium ions were adsorbed by Shiitake mushroom, a func-
tional food of 65.12 mg simulated stomach medium with 
a pH of 6.0, and it was shown that the Shiitake mushroom 
was particularly effective in removing cadmium ions at low 
concentrations.

In this study, it is aimed to remove nickel from the body 
fluid by means of a solid phase extraction (adsorption) tech-
nique in order to reduce the harmful effects on the human 
health. A new activated carbon obtained from the waste 
vine shoots was used as the adsorbent (ACVS). In the batch 
system, the most suitable adsorption parameters (pH, time, 
mixing speed, amount of adsorbent, and the effect of other 
components, etc.) for nickel ions in the simulated stomach 
medium (SSM) were investigated.

2 � Materials and methods

2.1 � Equipment and materials

Metal determinations in the study were performed with 
Analytik Jena ContrAA 300 (GLE, Berlin, Germany) Model 
HR-CS FAAS. Instrumental parameters are set to the values 
given in the device catalog; In order to obtain the highest 
analyte signal, flame composition and flame head height 
were investigated. In this study, HANNA brand HI 2211 
digital pH meter was used for pH measurements.

2.2 � Preparation of simulated stomach medium

The composition given in Table 1, recommended by NIOSH 
(National Institute for Occupational Safety and Health), was 
prepared. It has been used as a simulated stomach medium 
(SSM). pH adjustments in the related experiments were 
made using dilute HCl and NaOH solutions in the presence 
of the mentioned pH meter.

2.3 � Production and characterization of activated 
carbon

In the study, activated carbon obtained by chemical activa-
tion of dried and powdered waste vine shoots with ZnCl2 
was used. Activated carbon was prepared by pyrolysis 
of samples activated by zinc chloride at a weight ratio of 
40 g/30 g (waste vine shoots/ZnCl2) at 700 °C [11].

It was found that the obtained activated carbon has 1689 
m2 g−1 BET surface area and 0.842 cm3 g−1 total pore vol-
ume, and also contained 89.65% carbon and had a pHzpc 
value of 4.8. In order to determine the adsorption property 
of activated carbon on the surface, the iodine number was 
determined as 1276 mg g−1 [11].

Carboxylic groups, lactans, and phenolic groups are 
“acidic” surface oxides. Boehm identified these acidic 
groups by neutralizing them with different bases. Acidic 
groups were determined as 0.0484, 0.1082, 0.095, and 
0.02367  meq  g−1 by the Boehm titration method [8], 
respectively. It has been determined by us that it has sig-
nificant acidic surface functional groups by Boehm titration 
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on activated carbon. Especially the presence of carboxylic 
groups is compatible with the values obtained by Boehm 
titration.

The absorbance (or transmittance) values of the func-
tional groups were determined in order to know the func-
tional groups and their changes in the original and treated 
waste vine shoot samples. For this purpose, FT-IR spectrum 
of activated carbon is given in Fig. 1, elemental analysis 
results are given in Table 2, and SEM image in 700 °C heat 
treatment is given in Fig. 2.

In the FT-IR spectrum of the activated carbon given in 
Fig. 1, (a) is the activated carbon obtained at 700 °C, (b) the 
raw vine shoots, and (c) the activated carbon activated with 
ZnCl2, and peaks are seen at 3400 cm−1 in all three samples, 
It shows the presence of alcohol, phenol, and carboxylic 
groups as indicators. Peaks between 2850 and 2920 cm−1 
show C-H structure, 1740 cm−1 C = O structure, 1614 cm−1 
C = C structure, and 1510 cm−1 C–C structure. Peaks at 
600–870 cm−1 show that the structure has an aromatic ring 
structure in two bands. According to the elemental analysis 
results given in Table 2, it can be considered high quality 
when compared with the activated carbon values in the lit-
erature [5, 6].

The channels, voids, and large outer surface cracks 
in the SEM image of the activated carbon in Fig. 2 have 
shown high adsorption properties with sufficient pore size, 
large surface area, and a highly porous structure [12].

Table 1   Comprehensive simulated stomach medium composition rec-
ommended by NIOSH [31]

*All chemicals used were of analytical purity from Merck Company, 
Darmstadt, Germany, and Fluka, Switzerland

*Component Amount (g L−1)

Electrolytes and ıonic components
  Calcium chloride dihydrate (CaCl2.2H2O) 0.2646
  Magnesium chloride hexahydrate (MgCl2.6H2O) 0.1525
  Potassium chloride (KCl) 0.8647
  Sodium chloride (NaCl) 2.8559
  0.04 M hydro chloric acid (HCl) 1.4263
  Sodium bromide (NaBr) 0.0008
  Copper (II) chloride dihydrate (CuCl2.2H2O) 0.0003
  Sodium fluoride (NaF) 0.0009
  Phosphorus pentachloride (PCl5) 0.4707

Organic acids and carbohydrates
  d ( +)-Fructose (C6H12O6) 0.1380
  d ( +)-Glucose (C6H12O6) 0.3500
  d ( +)-Sodium salt of glucuronic acid, monohy-

drate (C6H9NaO7 H2O)
0.0241

  Sialic acid (C11H19NO9) 0.0731
  Amino acid tablet 0.2672

Nitrogenous compounds
  1 M ammonium hydroxide (NH4OH) 0.1996
  Urea (CH4N2O) 0.0840
  Uric acid (C5H4N4O3) 0.0080
  Vitamin tablet 0.9502
  Pepsin 3.2000

Fig. 1   FT-IR spectrum of activated carbon used in experiments ((a) 
activated carbon obtained at 700 °C; (b) raw vine shoots; (c) activated 
carbon activated with ZnCl2) [11]

Table 2   Elemental analysis results of activated carbon used in experi-
ments [11]

C: 89.65 N: 1.58 H: 0.71 S: 0.062 O: 8.00

Fig. 2   SEM image of the activated carbon obtained at 700 °C used in 
the experiments [11]
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2.4 � Adsorption process with activated carbon

The adsorption studies made with the activated carbon 
obtained are given in Fig. 3.

In the end, the residual concentration of Ni(II) was deter-
mined by Analytik Jena ContrAA 300 HR-CS FAAS, and 
the responses pollutant to removal (Ni(II) adsorption %) 
and adsorption capacity were determined by Eqs. 1 and 2, 
respectively.

where m is the mass of ACVS (g), V is the solution volume 
(L), and C0 and Cs are the initial and equilibrium concentra-
tions of the adsorbate solution (mg L−1).

Reduction and adsorption experiments were carried out 
in two parallel examples. When the results deviated at most 
3% from each other, calculations were made by taking the 
average of two parallel experiments. A third experiment was 
performed in cases with few, but more deviations, and the 
average of two close experiments was taken into account.

3 � Results and discussion

3.1 � Effect of pH on the adsorption of Ni(II)

The parameters affecting the adsorption of Ni(II) ions are 
given below. In the batch system in which ACVS was used as 

(1)Ni(II) adsorption % =
(

C0 − Cs

)

×
100

C0

(2)q =
(C0 − Cs) × V

m

an adsorbent, the initial nickel ion concentration was 10 mg 
L−1 and the adsorbent amount was 0.30 g. In order to deter-
mine the effect of pH on the adsorption of Ni(II) ions, it has 
been studied in the range of pH 2.5–6.5. According to the 
first results, the graph showing the adsorption capacity (qe) 
change at different pH is given in Fig. 4.

When we examined the effect of pH on the adsorption of 
Ni(II) ions, the pH of the adsorption medium is one of the 
most important parameters affecting the adsorption of heavy 
metal ions on the active carbon surface. It has been observed 
that between pH 3.5 and 5.5, the adsorption capacity is high 
and below pH 3.5 and above pH 5.5, the adsorption capacity 

Fig. 3   Adsorption process with 
activated carbon Simulated stomach 
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Fig. 4   The effect of pH on the adsorption of Ni(II) ions (sample vol-
ume: 50 mL, C0: 10 mg L−1, mixing speed: 200  rpm, contact time: 
90 min, adsorbent dosage: 0.3 g ACVS)
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decreases. In our next study, the studies were continued at 
pH 4.0, taking into account the pH of the stomach medium.

While the amount of Ni(II) adsorbed at high pH is low, 
it first increases a little with the decrease in pH and then 
decreases again. It can be said that this situation is caused by 
the change in the pH and surface loads of activated carbon 
and the change in the removal of Ni(II) amounts depending 
on the pH. It is stated in previous studies that the net zero 
proton load (pHzpc) point for activated carbon is 4.8. This 
means that above pH value the surface is partially negatively 
charged and partially positively charged below it. Therefore, 
around this pH value, the amounts of negative and posi-
tive charges on the surface are close to each other. As the 
pH decreases, the surface becomes positively charged and 
becomes incompetent for adsorbing positively charged Ni(II) 
species. Therefore, it is expected that the adsorption capacity 
will decrease due to the decrease in the adsorption of Ni(II) 
first with increasing acidity. Finally, it can be thought that 
the lower initial pH than the final pH of the mixture is due 
to the acidic materials in activated carbon structure [3, 7].

3.2 � Effect of contact time on the adsorption of Ni(II)

When we examined the effect of contact time on the adsorp-
tion of Ni(II) ions, it was studied between 5 and 90 min at 
200 rpm mixing speed at an initial nickel ion concentration 
of 10 mg L−1 in 50 mL sample volume to determine the 
appropriate contact time. According to the results, the graph 
showing the change of adsorption efficiency (%) of Ni(II) 
ions at different contact times is given in Fig. 5. It was seen 
that the highest adsorption efficiency was 20 min and it was 
continued as 20 min in our next study.

In a similar study [32], in the method developed for the 
potential use of alginate gel beads in the treatment of acute 
lead poisoning, the adsorption kinetics of 50 to 200 mg L−1 

lead concentrations at pH: 2.5 at 37℃ in a simulated stomach 
medium were investigated. It was observed that the swelling 
rate of dry beads increased significantly over time. It was 
observed that adsorption of Pb (II) by dry beads increased 
with increasing time and initial lead concentration in the 
simulated stomach medium. Adsorption kinetics of Pb (II) 
by hydrated alginate particles, Pb (II), were rapidly absorbed 
during the first 15 min for all concentrations.

3.3 � Effect of adsorbent dosage on the adsorption 
of Ni(II)

In order to determine the effect of the adsorbent amount on 
the adsorption of Ni(II) ions, experiments were carried out 
in 50 mL sample volume, 20–40–80 mg L−1 initial nickel ion 
concentration, and 0.1–2.0 g adsorbent amount. According 
to the results, the graph showing the change of adsorption 
efficiency (%) of Ni(II) ions in different adsorbent amounts 
and different nickel ion concentrations is given in Fig. 6. The 
best adsorption efficiency was achieved with an adsorbent 
amount of 0.3 g. In the next studies, it was continued by 
using 0.3 g activated carbon. In a similar study in the litera-
ture, Panthee and Lohani [26] used active carbon in capsule, 
powder, and suspended form for the adsorption of paraceta-
mol. The adsorption capacity of paracetamol in simulated 
stomach medium (pH 3.4) and artificial intestinal fluid (pH 
7.2) was determined. Activated carbon and paracetamol 
were mixed at both pH and the paracetamol content was 
determined by a UV spectrophotometer. The highest adsorp-
tion capacity was determined using the Langmuir adsorption 
isotherm. It has been determined that the effect of pH on the 
adsorption capacity is not significant. Under artificial envi-
ronment conditions, three formulations of activated carbon 
adsorbed sufficient amount of paracetamol. The data showed 
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Fig. 5   The effect of contact time on the adsorption efficiency of 
Ni(II) ions (sample volume: 50 mL, pH: 4.0, C0: 10 mg L−1, mixing 
speed: 200 rpm, adsorbent dosage: 0.3 g ACVS)
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that 1 g per kg of activated carbon given shortly after par-
acetamol poisoning would suffice.

3.4 � Effect of mixing speed on the adsorption 
of Ni(II)

In our study, where we examined the effect of mixing speed 
on the adsorption of Ni(II) ions, in order to determine the 
appropriate mixing speed, 50 mL sample volume, 10 mg L−1 
initial nickel ion concentration, and 100–500 rpm stirring 
speed range were studied. According to the results, the graph 
showing the change of adsorption capacity (qe) of Ni(II) ions 
at different mixing speeds is given in Fig. 7. In a study where 
we examined the effect of mixing speed on the adsorption of 
Ni(II) ions, the highest adsorption capacity was reached at 
250 rpm in the study we conducted at 100–500 rpm. It has 
been observed that the adsorption capacity up to 500 rpm is 
high. In our next work, it was continued at 250 rpm.

3.5 � Effect of ınitial Ni(II) concentration 
on the adsorption of Ni(II)

In the study investigating the effect of initial nickel con-
centration on the adsorption capacity, a sample volume of 
50 mL was studied between the initial nickel concentration 
of 10 and 80 mg L−1. According to the results, the adsorp-
tion capacity (qe) change against the concentration of 
Ni(II) ions is given in Fig. 8 and the adsorption efficiency 
% is given in Table 3. It was observed that as the initial 
nickel ion concentration increased, the adsorption capac-
ity increased and stabilized after 60 mg L−1 (Fig. 8). It 
reached saturation in a shorter time due to the increase in 
concentration. It was observed that as the initial nickel ion 

concentration increased, the equilibrium values increased 
and the yield values decreased (Table 3).

Rey-Mafull et  al. [28] using a simulated stomach 
medium conducted a comparative adsorption study of 
acetaminophen on commercial activated carbon samples 
(Norit E Supra USP, Norit B Test EUR, ML) obtained 
from different sources. Acetaminophen with C0 = 2500 mg 
L−1 was mixed in an artificial stomach environment at pH 
1.2 for 4 h in a 37 °C water bath and contacted with acti-
vated carbon. Results were determined using UV visible 
and evaluated using adsorption isotherms. Comparison of 
three activated carbons with different activities showed 
that the microporous structure and surface chemistry play 
a critical role in defining their adsorption capacity. In a 
similar study in the literature [27], it was observed that 
84% of cadmium ions were adsorbed by Shiitake mush-
room, a functional food of 65.12 mg simulated stomach 
medium with a pH of 6.0, and it was shown that the Shii-
take mushroom was particularly effective in removing cad-
mium ions at low concentrations.
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Fig. 7   The effect of mixing speed on the adsorption of Ni(II) ions 
(sample volume: 50  mL, C0: 10  mg L−1, pH: 4.0, contact time: 
20 min, adsorbent dosage: 0.3 g ACVS)

0

2

4

6

8

10

0 20 40 60 80

q e
)g/g

m(

Initial concentration (mg/L)

Fig. 8   The effect of Ni(II) ion concentration on the adsorption capac-
ity (sample volume: 50 mL, pH: 4.0, stirring speed: 250 rpm, contact 
time: 15 min, adsorbent dosage: 0.3 g ACVS)

Table 3   The effects of initial Ni(II) ion concentration on % adsorp-
tion efficiency

C0 (mg L−1) qe (mg g−1) Adsorption, %

10 1.53 91.8
20 2.92 87.5
40 5.13 77.0
60 6.8 68.0
80 7.0 52.5

2396



Biomass Conversion and Biorefinery (2023) 13:2391–2400

1 3

3.6 � Effect of other components on the adsorption 
of Ni(II)

In the study investigating the effect of other components on 
the adsorption of Ni(II) ions in a simulated stomach medium, 
an initial Ni(II) concentration of 10 mg L−1 was examined 
in a sample volume of 50 mL. The adsorption efficiency of 
Ni(II) ions was determined by adding the excess compo-
nents (KCI (0.5 g), PCl5 (0.5 g), NaCl (1.5 g), MgCl2.6H2O 
(0.3 g), CH4(N2O) (0.2 g), C6H12O6 (0.5 g)) in the simulated 
stomach medium separately to these samples. The results 
obtained are given in Table 4.

In the study investigating the effect of other components 
in the simulated stomach medium on the adsorption of Ni(II) 
ions, it was observed that the excess of the components in 
the simulated stomach medium did not have a significant 
effect on the adsorption efficiency of Ni(II) ions (Table 4). 
In a similar study in the literature [19], the use of a new 
activated carbon obtained from date seeds in paracetamol 
poisoning by using artificial gastric and intestinal fluids that 
do not contain enzymes was investigated. In the study, liq-
uids prepared with paracetamol at a ratio of 15:1 w/w were 
contacted with the adsorbent for 60 min and showed that 
the obtained activated carbon could be used in paracetamol 
poisoning.

3.7 � Adsorption ısotherm

The study of adsorption isotherms allows defining the 
molecular distribution of adsorbate in solution at equilib-
rium and therefore to obtain details such as the mechanism 
of absorption and the affinity of the nickel towards the adsor-
bent surface. To do this, we analyzed the adsorption results 
by two isothermal models: Langmuir and Freundlich.

The capacity of the adsorbent was investigated in order 
to evaluate to what extent the activated carbon obtained 
from the waste vine shoots of Ni(II) ions can be adsorbed. 
According to the Langmuir equation, taking into account the 
analyte concentration in the solution (Ce) and the amount of 

analyte adsorbed on the unit adsorbent (qe), the Ce/qe versus 
Ce values are plotted (Fig. 9) (Eq. 3) [21].

The adsorption, according to the Freundlich model, is 
characterized by the following properties: The adsorption 
systems are heterogeneous, the energy of the reaction var-
ies according to the quantity adsorbed, the adsorption sites 
are distributed exponentially as a function of the heat of 
adsorption, and the existence of an interaction between the 
adsorbed molecules. The conformity of the Freundlich iso-
therm hypotheses with the experimental data could be veri-
fied using the following mathematical equation (Eq. 4):

The correlation coefficient (R2) in the studies for the 
adsorption of Ni(II) was determined as 0.9974. From the R2 
value of the obtained line, the compatibility of the adsorp-
tion behavior with the Langmuir model was evaluated. The 
data obtained reveal that the adsorption occurs as a single 
layer on the surface [9]. In addition, the maximum adsorp-
tion capacity (qmax) and adsorption energy constant (K) were 
calculated from the slope of this line (1/qmax) and the cutoff 
point (Fig. 9). The qmax and K values for Ni(II) were deter-
mined as 7.67 mg g−1 and 0.262 L mg−1, respectively.

The experimental results of the adsorption isotherms of 
nickel on ACVS are modeled by different equations of Lang-
muir and Freundlich. Results found shows that the Langmuir 
isotherm better describes the adsorption isotherm of the 
nickel on the ACVS adsorbent with a determination coef-
ficient of the order of 0.9974 and an equivalent theoretical 

(3)
Ce

(x∕m)
=

1

qmaxK
+

Ce

qmax

(4)ln(x∕m) = lnKf +
1

nf
lnCe

Table 4   The effect of components in the simulated stomach medium 
on the adsorption efficiency of Ni(II) ions

Component Ni(II) 
adsorption, 
%

KCl (0.5 g) 90 ± 2
PCl5 (0.5 g) 91 ± 2
NaCI (1.5 g) 92 ± 1
MgCl2.6H2O (0.3 g) 89 ± 2
CH4(N2O) (0.2 g) 90 ± 2
C6H12O6 (0.5 g) 89 ± 3

y = 0,1288x + 0,4909
R² = 0,9974
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Fig. 9   Langmuir adsorption isotherm
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adsorption quantity to the experimental adsorption amount. 
Adsorption is thought to be low for values of nF less than 1. 
Adsorption is relatively challenging when nF values are in 
the range of 1 to 2. The computed values of the Freundlich 
equation’s parameter nF demonstrate that the adsorption 
onto the ACVS adsorbent surface is moderately difficult for 
nickel.

3.8 � Adsorption kinetic

The adsorption kinetics consists of determining the adsorp-
tion reaction time between adsorbent-adsorbate. It also 
makes it possible to determine the contact time influence 
between the adsorbate and the adsorbent. Adsorption kinet-
ics are characterized by the rate of transfer of a solute in 
solution to the surface of an adsorbent. Fitting the experi-
mental data with kinetic models can predict the mechanisms 
that control the adsorption process. There are many models 
to describe adsorption over time, but the majority of these 
are based on pseudo-first-order and pseudo-second-order.

The pseudo-first-order model assumes that the adsorp-
tion rate at time t is proportional to the difference between 
the amount adsorbed at equilibrium qe and the amount qt 
adsorbed at that time and that the adsorption is reversible 
(Eq. 5).

As depicted in the adsorption kinetics plot (Fig. 10), the 
adsorption increases strikingly and reaches its equilibrium 
at 7.6 mg/g within the first 20 min at the initial Ni(II) con-
centration of 10 mg/L. To determine the kinetics, the plot 

(5)log

(

qe

qe − qt

)

=
k1

2.303
t

was fitted with a pseudo-second-order kinetic model shown 
in Eq. (6) [15].

Here, qe and qt are the adsorbed amounts at equilibrium 
and at time t (min) and k2 is a rate constant. The coefficient 
of determination (R2) of the curve fit was found to be 0.9999, 
signifying that the data are very well fit with the chosen 
kinetic model. The calculated qe is 7.36 mg/g, comparable to 
the experimental value. The rate constant (k2) is found to be 
1.08 × 10−3 g/mg min, which is comparable to those reported 
in the literature. The fast equilibration and adsorption can be 
attributed to the hierarchical microporous-mesoporous struc-
ture in the material. The interconnected macropores from the 
waste vine shoot arrangement of the fibers will facilitate dif-
fusion of solvent and adsorbate, while the micropores gener-
ated during the pyrolysis in the presence of pore activating 
agent are responsible for the adsorption and confinement of 
Ni(II) [20, 23].

The experimental results of linear adsorption kinet-
ics regressions were examined. The pseudo-second-order 
model may be better suited to describe the adsorption kinet-
ics mechanism of nickel on the ACVS with the same coef-
ficient of determination R2 = 0.9999.

Therefore, it can be concluded that the pseudo-second-order 
kinetic model can more accurately describe the kinetic effects 
of Ni(II) in activated carbon adsorption solution. This can be 
possibly explained that the Ni(II) adsorption process of activated 
carbon to water was mainly controlled by the chemisorption 
mechanism rather than by material transport step [5].

Some adsorbents used in the adsorption of nickel ion in the 
literature and the resulting adsorption capacity and efficiency 
are given in Table 5. It has been determined that the activated 
carbon obtained from waste vine shoots has a capacity 
comparable to the literature in the removal of nickel ions.

The preparation protocols and the performances of 
materials, in terms of adsorption capacity and adsorption rate 
towards Ni(II), are compared with other previously reported 
porous materials (carbon-based adsorbents). The materials 
were selected based on their adsorption capacity, which is 
in the top ranks for each group of materials. The adsorption 
capacity of the present carbon sorbent is among the best values 
reported so far. Although, it is not as high as those of the 
waste-derived nitrogen-doped hierarchical porous carbon, the 
hydrochar derived from wastes. Furthermore, its equilibration 
time is also comparable or even faster than of prior adsorbents. 
Concerning the preparation protocols, the present work 
offers less and greener steps. Neither chemicals (i.e., KOH, 
HCl, H2SO4), toxic solvents (i.e., acetone, DMF) nor tedious 
filtration steps are needed. In comparison to other porous 
adsorbents (i.e., MOFs, silica, and carbon nanomaterials), 

(6)qt =
t

1

k2qe
2
+

t

qe

0
0 5 10 15 20 25

t/q

time, min

Fig. 10   Ni(II) adsorption kinetics
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carbon materials offer cheaper starting materials than MOFs 
and porous silica, and better chemical and thermal stability 
than MOFs, as well as lower cost and less complicated 
production than other carbon nanomaterials [2, 12, 30].

3.9 � Adsorption mechanism

The adsorption mechanism of Ni(II) on the material is pro-
posed in Fig. 11. As evidenced by FT-IR, the sp2 carbon is 
the dominant carbon functionality found on the composite 
surface. Additionally, the SEM result also confirms the 
presence of graphitic carbons [2]. As Ni(II) has + 2 charged 
ion in its structure, it could offer π electrons to interact 
with the graphitic carbons via π–π interactions. Hence, it 
is believed that these π–π interactions might play a key role 
in Ni(II) adsorption. Besides π–π interactions, hydrogen 
bonding between oxygen-containing functionalities and the 
hydroxyl group of Ni(II) as well as hydrophobic interac-
tions could also partly contribute to this adsorption. As the 
molecular size of Ni(II) matches well the generated pore 
size, the adsorption of Ni(II) inside these pores is expected. 
This can be confirmed by the aforementioned result where 
the adsorption capacity of Ni(II) increased with the pore 
surface area (BET). Therefore, the high adsorption capacity 

of the activated carbon towards Ni(II) might be attributed 
not only to the proper adsorbate/adsorbent interactions but 
also to the high porosity and the large carbon surfaces [34].

4 � Conclusion

In this study, it is aimed to remove nickel from food and water 
or other reasons from the organism by a solid phase extraction 
(adsorption) technique in order to reduce its harmful effects 
on the human body. The most suitable adsorption parameters 
(pH, contact time, mixing speed, adsorbent amount, and the 
effect of other components) were investigated for nickel ions 
from the simulated stomach medium in the batch system using 
a new activated carbon obtained from the waste vine shoots 
as the adsorbent. Waste vine shoot waste, a waste generated 
in large quantities from grape waste, was transformed into 
an efficient activated carbon material, capable of treating 
effluents contaminated with Ni(II). The surface area of the 
obtained activated carbon was found to be 1689 m2 g−1, and 
the average pore volume was found to be 0.842 cm3 g−1. SEM 
images showed morphological characteristics favorable to the 
adsorption process. The adsorption for Ni(II) was favored under 
acidic conditions and with a dosage of 0.3 g. The maximum 
adsorption capacity was 7.67 mg g−1 for Ni(II). Besides, a 
removal percentage of 92.4% for Ni(II) was presented. Finally, 
activated carbon can be considered an efficient adsorbent to 
treat simulated stomach medium with emerging contaminants. 
It was also possible to convert a solid waste with no added 
value and produced in large quantities into an adsorbent 
material with great potential to treat effluents with Ni(II), thus 
turning a problem into a low-cost environmental solution. 
Activated carbon, which is an economical and natural product, 
is applicable for nickel adsorption in emergency applications.

Author contribution  Çiğdem Er Çalişkan: investigation, supervision, 
experimental studies. Harun Çiftçi: supervision, funding acquisition, 
conceptualization, methodology, validation. Tacettin Çiftçi: investi-
gation, experimental studies. Ergin Kariptaş: methodology, project 
administration, funding acquisition. Hasan Arslanoğlu: formal analysis, 

Table 5   Parameters obtained from studies on the adsorption of nickel ion

Adsorbent Adsorption medium pH Adsorption 
capacity (mg 
g−1)

Adsorption, % Contact time References

Granular activated carbon Aqueous solution 5.0 0.130 55.0 75 min [23]
Activated carbon obtained from apricot 

kernel
Aqueous solution 4.0 26.96 97.59 90 min [20]

Activated carbon obtained from grape marc Aqueous solution 4.0 - 92.3 60 min [24]
Activated carbon from Himalayan pine Aqueous solution 4.0–4.5 31.4 95.6 180 min [29]
Activated carbon obtained from vine shoots Simulated stomach medium 4.0 7.67  > 90 20 min This work

Fig. 11   Adsorption mechanism

2399



Biomass Conversion and Biorefinery (2023) 13:2391–2400

1 3

writing—original draft, writing—review and editing, visualization. 
Mehmet Erdem: adsorbent synthesis and characterization.

Funding  This study was financially supported by the Scientific 
Research Projects Unit of Kirşehir Ahi Evran University (Project No: 
FEF.A3.17.008).

Declarations 

Competing interests  The authors declare no competing interests.

References

	 1.	 Aliyev E (2008) Siçanlarda Akur Parasetamol Zehirlenmelerinde 
Mide Yikama ve Aktif Kömür Uygulamasinin Etkinliği, İstanbul 
Üniversitesi, Tip Fakültesi, IV

	 2.	 Arslanoğlu H (2019) Direct and facile synthesis of highly porous low 
cost carbon from potassium-rich wine stone and their application for 
high-performance removal. J Hazard Mater 374:238–247

	 3.	 Arslanoğlu H (2021) Production of low-cost adsorbent with small 
particle size from calcium carbonate rich residue carbonatation cake 
and their high performance phosphate adsorption applications. J 
Market Res 11:428–447

	 4.	 Arslanoglu H, Altundogan HS, Tumen F (2008) Preparation of cat-
ion exchanger from lemon and sorption of divalent heavy metals. 
Biores Technol 99(7):2699–2705

	 5.	 Arslanoğlu H, Kaya S, Tümen F (2020) Cr (VI) adsorption on low-
cost activated carbon developed from grape marc-vinasse mixture. 
Part Sci Technol 38(6):768–781

	 6.	 Arslanoğlu H, Orhan R, Turan MD (2020) Application of response 
surface methodology for the optimization of copper removal from 
aqueous solution by activated carbon prepared using waste polyu-
rethane. Anal Lett 53(9):1343–1365

	 7.	 Arslanoğlu H, Tümen F (2021) Potassium struvite (slow release 
fertilizer) and activated carbon production: resource recovery from 
vinasse and grape marc organic waste using thermal processing. 
Process Saf Environ Prot 147:1077–1087

	 8.	 Boehm HP (1994) Some aspects of the surface chemistry of carbon 
blacks and other carbons. Carbon 32(5):759–769

	 9.	 Bunluesin S, Kruatrachue M, Pokethitiyook P, Upatham S, Lanza 
GRJ (2007) Batch and continuous packed column studies of 
cadmium biosorption by Hydrilla verticillata biomass. J Biosci 
Bioeng 103(6):509–513.

	10.	 Desai C (2016). Meyler’s side effects of drugs: the international 
encyclopedia of adverse drug reactions and interactions. Indian J 
Pharmacol 48(2):224.

	11.	 Erdem M, Orhan R, Şahin M, Aydin E (2016) Preparation and char-
acterization of a novel activated carbon from vine shoots by ZnCl2 
activation and investigation of its rifampicine removal capability. 
Water Air Soil Pollut. https://​doi.​org/​10.​1007/​s11270-​016-​2929-5

	12.	 Eren MŞ, Arslanoğlu H, Çiftçi H (2020) Production of micropo-
rous Cu-doped BTC (Cu-BTC) metal-organic framework composite 
materials, superior adsorbents for the removal of methylene blue 
(Basic Blue 9). J Environ Chem Eng 8(5):104247

	13.	 Guo L, Ding Y, Xu Y, Li Z, Jin Y, He K, Fang Y, Zhao H (2017) 
Responses of Landoltia punctata to cobalt and nickel: removal, 
growth, photosynthesis, antioxidant system and starch metabolism. 
Aquat Toxicol 190:87–93

	14.	 Habashi F (1997) Handbook of extractive metallurgy. Wiley-Vch, 
Germany

	15.	 Ho YS, McKay G (1999) Pseudo-second order model for sorption 
processes. Process Biochem 34(5):451–465

	16.	 Karaböcüoğlu M, Köroğlu TF (2008) Çocuk Yoğun Bakim Esaslari 
ve Uygulamalari (1.Basim). Medikal Yayinlari, İstanbul, pp 825–848

	17.	 Kartal G, Güven A, Kahvecioğlu Ö, Timur S (2004) Metallerin 
Çevresel Etkileri – II. Metalurji Dergisi 137:46–51

	18.	 Ke H, Hk B, Re R, Ar O (2007) Oral carcinogenicity study with 
nickel sulfate hexahydrate in Fischer 344 rats. Toxicol Appl Phar-
macol 224(2):126–137

	19.	 Khan MT, Hussain K, Bukhari NI, Latif A, Hashmi FK, Islam M, 
Masood M (2012) Evaluation of seeds of Phoenix sylvestris as novel 
candidate adsorbent in paracetamol poisoning. Lat Am J Pharm 
31(5):678–685

	20.	 Kobya M, Demirbas E, Senturk E, Ince M (2005) Adsorption of 
heavy metal ions from aqueous solutions by activated carbon pre-
pared from apricot stone. Biores Technol 96(13):1518–1521

	21.	 Langmuir I (1918) The adsorption of gases on plane surfaces of 
glass, mica and platinum. J Am Chem Soc 40(9):1361–1403

	22.	 Mislankar M, Zirwas MJ (2013) Low-nickel diet scoring system for 
systemic nickel allergy. Dermatitis 24(4):190–195

	23.	 Onundi YB, Mamun *AA, Al Khatib MF, Ahmed YM (2010) 
Adsorption of copper, nickel and lead ions from synthetic semicon-
ductor industrial wastewater by palm shell activated carbon. Int J 
Environ Sci Technol 7(4):751–758

	24.	 Orhan R, Erdem M (2017) Üzüm Sapindan Hazirlanan Aktif Karbon 
ile Sulu Çözeltilerden Ni(II)’nin Giderimi, Science and Eng. J Firat 
Univ 29(1):319–324

	25.	 Özdemir R (2008) Çocukluk Çaği Zehirlenmelerinde 23 Yillik Hac-
ettepe Tecrübesi. Hacettepe Üniversitesi, Tip Fakültesi, pp 28–29

	26.	 Panthee S, Lohani SP (2008) In vitro adsorption studies of paraceta-
mol to activated charcoal capsule, powder and suspension. Open 
Toxicol J 2:22–25

	27.	 Qiao X, Huang W, Bian Y (2014) Effective removal of cadmium 
ions from a simulated gastrointestinal fluid by Lentinus edodes. Int 
J Environ Res Public Health 11(12):12486–12498

	28.	 Rey-Mafull CA, Tacoronte JE, Garcia R, Tobella J, Llópiz JC, 
Iglesias A, Hotza D (2014) Comparative study of the adsorption 
of acetaminophen on activated carbons in simulated gastric fluid. 
SpringerPlus 3(1):1–12

	29.	 Saif MJ, Zia KM, ur-Rehman F, Usman M, Hussain AI, Chatha 
SAS (2015) Removal of heavy metals by adsorption onto activated 
carbon derived from pine cones of Pinus roxburghii. Water Environ 
Res 87(4):291–297

	30.	 Sezer GG, Yeşilel OZ, Şahin O, Arslanoğlu H, Erucar I (2017) 
Facile synthesis of 2D Zn (II) coordination polymer and its crystal 
structure, selective removal of methylene blue and molecular simula-
tions. J Mol Struct 1143:355–361

	31.	 Stefaniak AB, Virji MA, Harvey CJ, Sbarra DC, Day GA, Hoover 
MD (2010) Influence of artificial gastric juice composition on bio-
accessibility of cobalt- and tungsten-containing powders. Int J Hyg 
Environ Health 213(2):109–110

	32.	 Tahtat D, Bouaicha MN, Benamer S, Nacer-Khodjaa A, Mahlousa 
M (2017) Development of alginate gel beads with a potential use 
in the treatment against acute lead poisoning. Int J Biol Macromol 
105:1010–1016

	33.	 Tantekin T (2006) Malatya Tekstil Fabrikalarinda Kullanilan Çeşitli 
Boyalarin Atik Kaysidan Elde Edilen Aktif Karbon İle Adsorpsiyo-
nunun İncelenmesi, Yüksek Lisans Tezi, İnönü Üniversitesi, Müh-
endislik Fakültesi

	34.	 Yaras A, Arslanoğlu H (2018) Valorization of paper mill sludge as 
adsorbent in adsorption process of copper (II) ion from synthetic 
solution: kinetic, isotherm and thermodynamic studies. Arab J Sci 
Eng 43(5):2393–2402

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

2400

https://doi.org/10.1007/s11270-016-2929-5

	Use of activated carbon obtained from waste vine shoots in nickel adsorption in simulated stomach medium
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Equipment and materials
	2.2 Preparation of simulated stomach medium
	2.3 Production and characterization of activated carbon
	2.4 Adsorption process with activated carbon

	3 Results and discussion
	3.1 Effect of pH on the adsorption of Ni(II)
	3.2 Effect of contact time on the adsorption of Ni(II)
	3.3 Effect of adsorbent dosage on the adsorption of Ni(II)
	3.4 Effect of mixing speed on the adsorption of Ni(II)
	3.5 Effect of ınitial Ni(II) concentration on the adsorption of Ni(II)
	3.6 Effect of other components on the adsorption of Ni(II)
	3.7 Adsorption ısotherm
	3.8 Adsorption kinetic
	3.9 Adsorption mechanism

	4 Conclusion
	References




