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Abstract.
1
 Reducing or eliminating ions of toxic heavy 

elements such as iron and zinc from aqueous solutions has 

been adopted in this research. The batch process is used to 

remove metal ions using a cheap adsorbent material that is

called hawthorn nucleus. In addition, the influences of 

contact time, pH, metal ions concentration, and adsorbent 

dose on the removal percentage have been studied. This 

study showed that adsorption or removal efficiency in-

creases over time and the quantity of the adsorbent mate-

rial, as well as pH showed that the equivalent and negative 

charges category is preferred for adsorption by the haw-

thorn nucleus. The highest removal efficiency was found 

to be 91% for zinc and 95% for iron. In such conditions, 

i.e., 120 minutes time, the metal concentration is 25 ppm, 

the amount of the adsorbent material is 5 g/L and pH is 10 

for zinc and 7 for iron Adsorption isotherm and kinetics 

were also investigated for both metal ions. The results 

showed that the adsorption findings followed Langmuir 

isotherm and the pseudo-second-order kinetic for adsorp-

tion isotherm and kinetics, respectively.  

 

Keywords: adsorption, waste material, heavy metal ions, 

adsorbent, hawthorn. 

1. Introduction 

Wastewater released by industrial processes is fre-

quently polluted by an assortment of poisonous or in any 

case unsafe substances, which negatively affect the water 

condition.
1
 Urbanization and industrialization have 

brought about the exponential release of industrial efflu-

ents and poisonous substantial metals into water bodies. 
Essential metals such as iron, chrome, zinc, and lead 

which are toxic and harmful to organisms, though in small 

quantities.
2
 These specific minerals are biodegradable and 

can be assembled in life forms, and then pose a significant 

health threat to humans, plants, and animals. Despite the 

fact that humans have no immediate difficulty with these 
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toxins, human health can be affected casually by different 

behaviors, especially in drinking water and the evolving 

lifestyle. Furthermore, in agriculture, significant contami-

nation of minerals in the soil can cause enormous damage 

to crop development and quality. In this manner, the elim-

ination of heavy metals, from normal waters or soils, has 

pulled in significant considerations.
3
 

Different methods have been utilized for the treat-

ment of heavy metals, including ion exchange, precipita-

tion, reverse osmosis, and adsorption. Precipitation is 

generally relevant among these methods and viewed as 

the most economical. In any case, this procedure creates a 

huge quantity of precipitate sludge that needs more treat-

ment. Ion exchange and reverse osmosis can adequately 

decrease metal particles, however, their utilizations were 

restricted because of various detriments, for example, high 

cost for material and operation in addition to the restricted 

pH run for the ion exchange resin.
4
 

Thereafter, it has been noted that the use of adsorp-

tion as an alternative method to other methods is better 

and is increasingly being used as a useful process and 

providing a clean environment. Recently important con-

siderations have been given to this method.
5
 One of these 

considerations or reinforcements that helped to use this 

method is that it is possible to use simple or cheap materi-

als or plant residues as a possible adsorbent for heavy 

elements.
6, 7

 The most common substances utilized as 

adsorbents are clays, zeolites, carbons, polymeric, and 

biomass substances. Research has shown that these mate-

rials have little adsorbability and are limited to heavy 

element ions. Furthermore, there was difficulty in separat-

ing them. Consequently, extensive attempts are still re-

quired for the advancement of recently materials that can 

be utilized as adsorbents in purification implementations.
8
 

Complex natural materials, natural macromole-

cules, and rotting biomass of microorganisms can be uti-

lized as biosorbents. These are, much of the time, wastes 

of natural matters. Lignocellulosic waste materials are 

appropriate sorbents for the elimination of heavy metal 

ions from wastewater as they are inexpensive and fur-

thermore the treating is easy and economical. Tree leaves, 

wood bark, nut or walnut wastes, and other lignocellulosic 
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substances were considered as the sorbents for heavy 

metal ions from water solutions.
9
 

The aim of the present work is to study the activity 
of hawthorn waste as an adsorbent for zinc and iron ions 
adsorption using batch operation, the effect of time, initial 
concentration, pH, and the amount of the adsorbent in 
addition to adsorption isotherm and kinetic approach. 

2. Experimental 

2.1 Materials 

Zinc sulfate heptahydrate [ZnSO4·7H2O] and iron 
nitrate nonahydrate [Fe(NO3)3·9H2O], which were pur-
chased from Fluka Chemika, were used as Zn and Fe 
precursors. Sulfuric acid and potassium hydroxide were 
used to adjust the pH solution. Hawthorn kernel waste 
material was collected, washed, and dried in the oven at 
373 K overnight. Then, the materials were crushed and 
used as biosorbents. 

2.2 Experimental procedure 

A stock solution of 250 ppm heavy metal was pre-

pared by dissolving an appropriate quantity of zinc sulfate 

or iron nitrate in 1000 mL of distilled water at neutral pH. 

The required concentrations were attained by diluting the 

stock solution in distilled water. The initial concentrations 

of the experimental solutions were 15, 25, 35, 50, and 

100 ppm. Briefly, 100 mL of the prepared solution was 

put in a 250 mL beaker. An appropriate amount of bio-

sorbent was then weighed and added to the solution. The 

solution was mixed using a magnetic stirrer for 2 h. Sam-

ples were taken at different time intervals and then ana-

lyzed by atomic absorption spectrophotometry. The re-

moval percentage for heavy metals was calculated accord-

ing to Eq. (1): 

% removal efficiency =  * 100   (1) 

where Cinitial and Cat any time (mg L
-1

) are concentrations at 

initial and any time, respectively.  

3. Results and Discussion 

3.1. Atomic Force Microscope 

Fig. 1 shows AFM of the hawthorn surface three-

dimensional profile. It’s clear from this figure that the 

average particle diameter of the biosorbent was found to 

be 58 nm. Also, it is observed that the material surface has 

crystalline structure, the layer development of hawthorn 

kernel crystal, and the height of the terraces. 

 

 
 

Fig. 1. AFM for hawthorn kernel 

 

3.2. Scanning electron microscopy 

The morphology of hawthorn material was per-

formed using the SEM technique. In Fig. 2, SEM images 

of the hawthorn powder are presented at two different 

magnitudes: 500 nm and 2 μm. The SEM images reveal 

that the sample presents morphology of stretched structure 

and agglomeration is formed due to their nanometric size.  
 

 
 

Fig. 2. SEM images of hawthorn kernel 
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3.3. Effect of time and pH 

The time course of Zn and Fe ions adsorption on 

hawthorn is presented in Figs. 3 and 4, respectively, at 

metal concentration 25 ppm and adsorbent dose of 5 g/L. 

The adsorption removal for Zn increases from 30 to 68 % 

and from 80 to 95% for Fe as time increases from 30 to 

120 min at 7 pH. Different pH values are also shown in 

these figures. This variant has a noticeable effect on the 

adsorption process, the lowest removal efficiency ob-

tained was 23% for zinc and 6% for iron at the lowest pH 

equal to 3. After 120 minutes, when increasing pH to 7, 

the removal efficiency is 68% for zinc and 95% for iron. 

When pH increases further to 10, we get the highest 91% 

removal efficiency of the two elements, but when this pH 

induces hydrolysis of ions or deposition of hydroxide 

ions. When pH has a low hydrogen ion concentration, this 

leads to the rejection or dissonance of positive charges. 

This prevents it from reaching the surface of the hawthorn 

nucleus. This behavior is in agreement with Sciban and 

Klasnja.
9
  

 

 
 

Fig. 3. pH effect on adsorption of Zn at the concentration of 

25 ppm and adsorbent dose of 5 g/L 
 

 
 

Fig. 4. pH effect on adsorption of Fe at the concentration of 

25 ppm and adsorbent dose of 5 g/L 

3.4. Effect of initial metal  

concentration 

Zinc and iron adsorption are greatly affected by the 

initial concentration of their ions in aqueous solutions. In 

this study, different initial concentrations of 25, 50, 75, 

and 100 ppm were tested while maintaining the adsorbent 

amount of 5 g/L and pH=7. The results were shown in 

Figs. 5 and 6 for zinc and iron removal percentages, re-

spectively. As depicted from the figures, with the increase 

in the metal concentration from 25 to 100 ppm, the re-

moval percentage for zinc and iron decreases from 59 to 

27% and 95 to 48% respectively after 120 min. This can 

be described by the fact that the adsorbent has a limited 

number of active sites that have become saturated above a 

certain concentration and the rate of metal capture causes 

the movement of ions from outside to inside the place of 

the adsorbent. This behavior is consistent with Arabyar-

mohammadi et al.
10

 and Deivasigamani et al.
11 

 

 
 

Fig. 5. Effect of zinc concentration on adsorption at pH=7  

and adsorbent dose of 5 g/L 

 

 
 

Fig. 6. Effect of iron concentration on adsorption at pH=7  

and adsorbent dose of 5 g/L 
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3.5. Effect of adsorbent dose 

The influence of variation of adsorbent mass on the 

adsorption of Zn and Fe is shown in Figs. 7 and 8, respec-

tively. As the adsorbent mass increases, the amount of met-

al ions adsorbed increases due to the increment in the num-

ber of binding sites for the ions. To achieve the maximum 

removal efficiency of the biosorbent for Zn and Fe, the 

biomass concentration was varied from 1 to 10 g/L and it 

was found that the concentration of 5 g/L was sufficient for 

maximum ions removal of 59 and 95% for Zn and Fe ions, 

respectively, at a constant metal concentration of 25 ppm, 

pH=7, and time of 120 min. The adsorption increased from 

25 to 59% and from 62 to 95% for zinc and iron, respec-

tively, as the adsorbent dose increased from 1 to 5 g/L after 

120 min and this is attributed to the increase in the surface 

area and adsorption sites available for reduction.
12,13

 It is 

seen from Fig. 7 that a further increase in biomass to 10 g/L 

leads to a decrease in sorption percentage greatly, which is 

in agreement with the literature data.
14

 This phenomenon 

shows that the adsorbed sites remain unsaturated during the 

adsorption process and that a number of sites are ready to 

accommodate higher adsorption by increasing the amount 

of the adsorbent.
15

 

 

 
 

Fig. 7. Effect of adsorbent concentration at pH=7  
and zinc concentration of 25 ppm  

 

 
 

Fig. 8. Effect of adsorbent concentration at pH=7  

and iron concentration of 25 ppm 

3.6. Adsorption Isotherm 

Adsorption isotherm is a significant tool to test the 

interaction between adsorbates adsorbent. As shown in 

Figs. 9 and 10, the experimental data acquired from the 

batch process were fitted well using Freundlich and 

Langmuir isotherm equations. Langmuir isotherm model 

is represented by Eq. (2).
16

  

 =  +                      (2) 

where Ce (mg/L) is the concentration of the adsorbate at 

equilibrium, qe (mg/g) is the quantity of adsorbate ad-

sorbed per unit mass of adsorbent and calculated from 

Eq. (2a), qm and b are the Langmuir constant, which can 

be calculated graphically from the intercept and the slope 

of linear plotting of (Ce/qe) against Ce. 

qe= (C
0
−C

e
)V/m                          (2.a) 

where C0 (mg/L) is the initial concentration of metal, Ce 

(mg/L) is the equilibrium concentration, V (L) is the metal 

solution volume, and m (g) is the mass of adsorbent. 

 

 
a) 

 
b) 
 

Fig. 9. Linearization of (a) Langmuir (b) Freundlich model for 
zinc adsorption 
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However, the Freundlich model is explaining by 

Eq. (3):
17,18

 
 

Log  =  Log  + Log                      (3) 

where Kf and 1/n are empirical constants. They can be 

obtained by plotting log qe vs. log Ce, and the slope of the 

line acquired is the value of 1/n while log Kf is y-intercept 

of line. 

By comparing R
2 

and error results for zinc and iron 

adsorption, a good agreement was found with the Lang-

muir model for both heavy metals as shown in Figs. 9 and 

10. The R
2
 values for the Langmuir model of zinc and 

iron were 0.88 and 0.98, respectively. Also, the error re-

sults were 0.019 and 0.005 for zinc and iron adsorption, 

respectively.  

 

 
a) 

 
b) 

 

Fig. 10. Linearization of (a) Langmuir (b)  

Freundlich model for iron adsorption 

3.7. Kinetics of Adsorption 

To evaluate the mechanism of dominating rate 

within the adsorption of zinc and iron, kinetic studies were 

carried out. The kinetics of adsorption onto the hawthorn 

were examined with the pseudo-first-order, second-order, 

and intra-particle diffusion models as illustrated in 

Figs. 11–13 for zinc metal and Figs. 14–16 for iron metal. 

The equations for these models can be expressed as fol-

lows:  

=                        (4) 

 =  +  (5) 

 = (6) 

where qt and qe represent the quantities of heavy metals 

adsorbed (mg/g) at any time t (min) and equilibrium. k1 is 

the adsorption rate constant and its magnitude is deter-

mined from the slope of ln qt against t.  

For the pseudo-second-order, k2 is the adsorption 

rate constant. In this type, linear regression was achieved 

from the graph t/qt against t. The value of k2 can be calcu-

lated from the intercept of the graph. While for intra diffu-

sion, kp (mg/ g min
1/2

) is the rate constant for this model, 

and C is a constant that can be obtained by plotting qt vs 

t
1/2

. The results showed that R
2
 for both Zn and Fe were 

higher in the pseudo-second-order model compared with 

the other two models but the error was lower in this mod-

el. The R
2
 in the pseudo-second-order was 0.9869 and 

0.9996 for both Zn and Fe. While the error was 0.117 for 

zinc and 0.019 for iron. 

 

 
Fig. 11. Pseudo-first-order kinetics for zinc adsorption 

 
Fig. 12. Pseudo-second-order kinetics for zinc adsorption 
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Fig. 13. Intra diffusion kinetics for zinc adsorption 

 

 
Fig. 14. Pseudo-first-order kinetics for iron adsorption 

 
Fig. 15. Pseudo-second-order kinetics for iron adsorption 

 

 
Fig. 16. Intra diffusion kinetics for iron adsorption 

4. Conclusions 

The removal efficiency for both zinc and iron in-

creased as pH increased from 3 to 7. As the initial concen-

tration of the metal increased, the removal efficiency de-

creased. However, as the amount of hawthorn kernel in-

creased, the removal percent increased, whereas at high 

adsorbent amount of 10 g/L the removal efficiency de-

creased. For adsorption isotherm, the Langmuir model 

applies for both zinc and iron ions while for adsorption 

kinetics the pseudo-second-order model applies for both 

metals. Hawthorn kernel shows good adsorption removal 

efficiency for iron ions compared to zinc ions, 95% for 

iron and 68.5% for zinc were removed at pH=7, metal 

concentration of 25 ppm, adsorbent amount of 5 g/L, and 

time of 120 min. 
 

References 

[1] Monser, L.; Adhoum, N. Modified Activated Carbon for the 
Removal of Copper, Zinc, Chromium and Cyanide from 
Wastewater. Sep. Purif. Technol. 2002, 26, 137-146. 
https://doi.org/10.1016/S1383-5866(01)00155-1 
[2] Muthusamy, Mr.P; Hannah, A. Study of Adsorption Isotherm 
Model and Kinetics on Removal of Zinc Ion from Industrial Waste 
Water by Using Novel Biosorbent (Phyllanthus Emblica). Int. j. eng. 

res. appl. 2017, 7, 80-86. 10.9790/9622-0701018086 
[3] Iconaru, S.L.; Motelica-Heino, M.; Guegan, R.; Predoi, M.V.; 
Prodan, A.M.; Predoi, D. Removal of Zinc Ions using Hydroxyap-
atite and Study of Ultrasound Behavior of Aqueous Media. Materi-
als 2018, 11, 1350. https://doi.org/10.3390/ma11081350 
[4] Feng, Y.; Gong, J.-L.; Zeng, G.-M.; Niu, Q.-Y.; Zhang, H.-Y.; 
Niu, C.-G.; Deng, J.-H.; Yan, M. Adsorption of Cd (II) and Zn (II) 
from Aqueous Solutions using Magnetic Hydroxyapatite Nanoparti-
cles as Adsorbents. Chem. Eng. J. 2010, 162, 487–494. 

https://doi.org/10.1016/j.cej.2010.05.049  
[5] Salman, H.A.; Ibrahim, M.I.; Tarek, M.M.; Abbas, H.S. Bio-
sorption of Heavy Metals –A Review. J. chem. sci. technol. 2014, 3, 
74-102.  
[6] Mobasherpour, I.; Salahi, E.; Pazouki, M. Comparative of the 
Removal of Pb2+, Cd2+ and Ni2+ by Nanocrystallite Hydroxyapatite 
from Aqueous Solutions: Adsorption Isotherm Study. Arab. J. 
Chem. 2012, 5, 439–446. 

https://doi.org/10.1016/j.arabjc.2010.12.022 
[7] Skwarek, E. Adsorption of Zn on Synthetic Hydroxyapatite from 
Aqueous Solution. Sep Sci Technol 2014, 49, 1654–1662. 
https://doi.org/10.1080/01496395.2014.906466 
[8] Crini, G. Non-Conventional Low-Cost Adsorbents for Dye 
Removal: A review. Bioresour. Technol. 2006, 97, 1061–1085. 
https://doi.org/10.1016/j.biortech.2005.05.001  
[9] Šćiban, M.; Klašnja, M. Wood Sawdust and Wood Originate 

Materials as Adsorbents for Heavy Metal Ions. Holz Roh Werkst. 
2004, 62, 69-73. https://doi.org/10.1007/s00107-003-0449-7 
[10] Arabyarmohammadi, H.; Salarirad, M. M.; Behnamfard, A. 
Characterization and Utilization of Clay-Based Construction and 
Demolition Wastes as Adsorbents for Zinc (II) Removal from 
Aqueous Solutions: an Equilibrium and Kinetic Study. Environ. 
Prog. Sustain. Energy 2014, 33, 777-789. 
https://doi.org/10.1002/ep.11833 

https://doi.org/10.1016/S1383-5866(01)00155-1
https://doi.org/10.1016/S1383-5866(01)00155-1
http://dx.doi.org/10.9790/9622-0701018086
https://doi.org/10.3390/ma11081350
https://doi.org/10.1016/j.cej.2010.05.049
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjqs4CA9pf4AhUzwAIHHTVMCKIQFnoECAMQAQ&url=http%3A%2F%2Fee.hnu.edu.cn%2F__local%2F4%2FE9%2FBE%2FCDE8F71F1570A46B13160DF2864_4E06A1B6_63966.pdf&usg=AOvVaw3LxiugeBaIAO0shDuUij5E
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjqs4CA9pf4AhUzwAIHHTVMCKIQFnoECAMQAQ&url=http%3A%2F%2Fee.hnu.edu.cn%2F__local%2F4%2FE9%2FBE%2FCDE8F71F1570A46B13160DF2864_4E06A1B6_63966.pdf&usg=AOvVaw3LxiugeBaIAO0shDuUij5E
https://doi.org/10.1016/j.arabjc.2010.12.022
https://doi.org/10.1080/01496395.2014.906466
https://doi.org/10.1016/j.biortech.2005.05.001
https://doi.org/10.1002/ep.11833


Adsorption of Zinc and Iron Ions from Aqueous Solution Using Waste Material as Adsorbent   

 
 

893 

[11] Deivasigamani, P.; Ponnusamy, S.K.; Sundararaman, S.; 
Suresh, A. Superhigh Adsorption of Cadmium(II) Ions onto Surface 
Modified Nano Zerovalent Iron Composite (CNS-nZVI): Character-
ization, Adsorption Kinetics and Isotherm Studies. Chem. Chem. 

Technol. 2021, 15, 457-464. 
https://doi.org/10.23939/chcht15.04.457  
[12] Rao, V.D.; Rao, M.V.S.; Murali Krishna, M.P.S. Chromium 

(VI) Removal using Activated Thuja occidentalis Leaves Carbon 

Powder – Adsorption Isotherms and Kinetic Studies. Chem. Chem. 

Technol. 2020, 14, 362-371. 

https://doi.org/10.23939/chcht14.03.362 

[13] Zafarani, H. R.; Bahrololoom, M. E.; Noubactep, C.; Tash-

khourian, J. Green Walnut Shell as A new Material for Removal of 

Cr(VI) Ions from Aqueous Solutions. Desalination Water Treat. 

2015, 55, 431-439. https://doi.org/10.1080/19443994.2014.917986  

[14] Mahvi, A.; Naghipour, D.; Vaezi, F.; Nazmara, S. Tea Waste as 

An adsorbent for Heavy Metal Removal from Industrial 

Wastewaters. Am J Appl Sci 2005, 2, 372-375. 
https://doi.org/10.3844/ajassp.2005.372.375  

[15] Akoji, JN.; Jonathan, Y.; Onyebuchi, O. J.; Abdullahi, M. 

Abstraction of Cu and Pb Ions from Aqueous Solution using Santa-

lum Album (Sandal Fruit Shell) Activated Carbon. Int. J. of Curr. 

Eng. and Tech. 2015, 5, 2926-2934. 

https://www.researchgate.net/publication/292156201 

[16] Foo, K.Y.; Hameed, B.H. Review Insights into the Modeling of 

Adsorption Isotherm Systems. Chem. Eng. J. 2010, 156, 2–10. 

https://doi.org/10.1016/j.cej.2009.09.013 

[17] Khambhaty, Y.; Mody, K.; Basha, S.; Jha, B. Kinetics Equilib-
rium and Thermodynamic Studies on Biosorption of Hexavalent 
Chromium by Dead Fungal Biomass of Marine Aspergillus niger. 
Chem. Eng. J. 2009, 145, 489–495. 
https://doi.org/10.1016/j.cej.2008.05.002 
[18] Jaber, H.A.; Abdul Jabbar, M.F. Adsorption of Cationic and 
Anionic Dyes from Aqueous Solution using Sunflower Husk. Chem.  

Chem. Technol. 2021, 15, 567-574. 
https://doi.org/10.23939/chcht15.04.567 
 

Received: June 04, 2022 / Revised: August 11, 2022 /  

Accepted: October 20, 2022 

 
АДСОРБЦІЯ ІОНІВ ЦИНКУ ТА ФЕРУМУ  

З ВОДНОГО РОЗЧИНУ З ВИКОРИСТАННЯМ 

ВІДХОДІВ ЯК АДСОРБЕНТУ 

 
Анотація. У цій роботі досліджено зменшення вмі-

сту або вилучення іонів токсичних важких елементів, та-
ких як ферум і цинк, з водних розчинів. Для вилучення іонів 

металів використано періодичний процес із використанням 
дешевого адсорбційного матеріалу, який називається ядром 

глоду. Також було вивчено вплив часу контакту, рН, конце-
нтрації іонів металів і дозування адсорбенту на відсоток 

видалення. Це дослідження показало, що ефективність 
адсорбції або вилучення зростає з часом і кількістю адсор-

буючого матеріалу, а також рН показало, що категорія 
еквівалентних і негативних зарядів є кращою для адсорбції 

ядром глоду. Встановлено, що найвища ефективність вилу-
чення становить для цинку - 91% і феруму - 95%. За таких 

умов, тобто за тривалості 120 хвилин, концентрація ме-
талу становить 25 м.ч., кількість матеріалу адсорбента - 

5 г/л, а рН - 10 для цинку і 7 для феруму. Ізотерма та кіне-
тика адсорбції також були досліджені для іонів обох ме-

талів. Результати показали, що отримані дані з адсорбції 
відповідають ізотермі Ленгмюра та кінетиці псевдодруго-

го порядку для ізотерми та кінетики адсорбції, відповідно. 

 
Ключові слова: адсорбція, відходи, іони важких ме-

талів, адсорбент, глід. 
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