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ABSTRACT 
The cost-effective adsorbent was developed to remove copper ions from an aqueous solution. The carbonized 
sunflower stem was analyzed by SEM, FTIR, and XRD. A batch mode adsorption kinetics study was conducted and 
was observed that the adsorption of copper ions onto carbonized sunflower stem followed pseudo-second-order 
kinetics. The equilibrium time was found to be 160 min. Maximum uptake (90 %) of copper ion was observed at pH 
3.0 for 20 mg L-1. The experimental data were also analyzed for Langmuir, Freundlich, Dubinin-Radushkevich, and 
Temkin isotherms. 
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INTRODUCTION 
Heavy metals are one of the chemical species that are not biodegradable, as they accumulate for years in 
the environment and in living beings.1 Copper is toxic in large quantities, in minimum amounts it is an 
essential micronutrient for living beings. Copper is extensively used in plumbing, gear wheel, electrical 
wiring, roofing industries, and selenium rectifier because of its excellent properties such as thermal and 
electrical conductivity, ease of fabrication, installation, and good corrosion resistance.2 High tech 
industries, metal casting, mining, cattle–raising, and agriculture are the main sources of contamination.3 
Copper sulphate was used as an algicide for the elimination of blue-green algae found in water supply 
facilities is also a contributor to the accumulation of the contaminant. High copper concentration may 
cause necrosis in the liver, kidney problems, rheumatic arthritis, gastric ulcer, epilepsy, loss of taste in 
humans, and melanoma.4,5 The maximum acceptable concentration of copper in drinking water is less 
than 3000 μg/dm3.6 The conventional methods to remove copper from industrial wastewater are 
coagulation and precipitation, activated carbon7, reduction, flotation8, ion- exchange, electrodialysis and 
reverse osmosis.9 Metal removal at low concentration is more efficient by ion –exchange and activated 
carbon but they are expensive. Biosorption, as an alternative method is becoming one of the potential 
treatments to remove heavy metals from aqueous solutions in the last decades.10 Different adsorbents have 
been used including foxtail mill11, coffee waste12, pyres pashia13, removal of copper from solution using 
raw and modified litchi pericarp14, and studies were conducted on the uptake of Copper (II) using 
chemically treated tomato waste15, etc. There are so many adsorbents that have been used; still new 
adsorbents are developed due to the increasing demand for the treatment of industrial wastewater. The use 
of waste sunflower stems is effective for the removal of copper in wastewater treatment. The main 
objective of the present work is- 
1. To know the effectiveness of sunflower stalk for the adsorption of copper from wastewater through 
adsorption isotherms and kinetics studies  
2. To study the factors such as the effect of pH, contact time, and adsorbent dose on the removal of 
copper onto the carbonized sunflower stalk in batch mode technique. 
 

EXPERIMENTAL 
Sunflower stem was obtained from the agricultural area and washed several times with distilled water to 
remove dust particles and it was dried in sunlight, powdered well, carbonized in a muffle furnace, and 
sieved to 100 µm using a No.25 sieve to obtain uniform particle size. This carbonized sunflower stem was 
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utilized as an adsorbent for copper ion adsorption from aqueous media. FTIR, SEM, and XRD analysis 
were performed for the characterization of the adsorbent. Batch uptake experiments were carried out 
using a stock solution of 1000 mg/L Cu (II) prepared from copper sulphate (CuSO4. 5H2O). This stock 
solution was further diluted in deionized water to obtain a standard solution of 10, 20, 30, and 40 mg/L. 
The solution of different concentrations was adjusted to the desired pH of 6.0 using 0.1 M NaOH or 0.1 
M HCl with the desired adsorbent. The flask was shaken at 32oC and centrifuged. The copper ion was 
analyzed by Atomic Absorption Spectrophotometer (Shimadzu, Model AA - 6880) at 324.8 nm with a slit 
width of 0.5 nm. 
The equilibrium adsorption capacity (Qo mg/g) and percentage removal for copper ions were determined 
using  

       R % =                                                             (1) 

 

                                                                                                                (2) 

Where, “Ci = initial adsorbate concentration (mg/L), Ce = equilibrium adsorbate concentration (mg/L), V 
= volume of the solution (L) and ‘w’ is the mass of the adsorbent (g)”. 
 

RESULTS AND DISCUSSION 
Adsorbent Characterization  
The physio-chemical parameter of the adsorbent sunflower stem is reported in Table-1. The surface area was 
measured by N2 adsorption method using Quantachrome surface area analyzer and pore size distribution was 
evaluated using mercury porosimeter. Surface functional groups and other parameters were determined using 
standard methods.16,17 The surface functional groups were determined by using Boehm’s titration. The 
adsorbent was mixed with a 0.1 M solution of Na2CO3, NaOH, HCl, or NaHCO3. The number of basic sites 
was calculated from the amount of HCl that reacted with the carbon. The many free acidic groups were 
determined using the assumption that NaOH neutralizes lactone, carboxyl, and phenolic groups; Na2CO3 
neutralizes carboxyl, and lactone; NaHCO3 neutralizes only carboxyl groups, respectively. The material has a 
significant surface area of 317.93 m2 g-1 compared to other parts of the sunflower. The pore size distribution 
supports the above statements. 90 % of the surface and pore volume (75 %) is made due to pores smaller than 
2 nm in pore width, the so-called micropores.  Carboxylic group, 0.179 meq g-1 (19.4 %); lactones group, 0.523 
meq g-1 (16.1 %); phenolic group, 0.73 meq g-1 (64.6 %) and basic groups, 0.251meq g-1 are the acidic surface 
functional groups present on the carbon.16 Scanning Electron microscope (SEM) pictures of the carbonized 
sunflower stem before (a) and after adsorption (b) of copper ions are shown in Fig.-1. The SEM picture of 
sunflower-activated carbon showed a large number of pores (Fig.-1a).  Figure-1b showed that the pores are 
packed with copper ions after adsorption. Similarly, Maity et al. 202119 identified the morphological changes 
on the surface with the presence of irregular clusters, heterogeneous as well as a number of complex 
honeycomb-like structures with cavities that provide wide spaces for adhesion. 
 

                         
                                                         (a)                                                                                             (b) 
 

Fig.-1: SEM Photograph of Sunflower Stem (a) Before Adsorption (b) After Adsorption 
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The observations of IR spectrophotometry of the adsorbent surface in the range 500 - 4500 cm-1 were 
studied which act as a direct means for the identification of the organic functional groups on the surface. 
IR spectra of the sunflower stem showed peaks at 3400 cm-1 which was assigned to hydroxy (OH) 
stretching vibration that occurred before adsorption of the adsorbate. Asymmetric COO- vibration has 
occurred at 1580 cm-1. The 719 cm-1 band may have contributed to the amine group. Furthermore, from 
Fig.-2A and B, it was observed that there are shifts in C –H stretching vibrations (1510 cm-1). Similar 
findings were also been reported21,22 this shift in the vibrations indicates the inference of the Cu(II) 
bonding onto the biosorbent. X-Ray diffraction of carbonized sunflower stem showed broad peaks which 
are assigned to some stacking and a small depth of micrographic layers. But the XRD pattern of the 
sunflower stem is crystalline in nature and shows sharp peaks corresponding to 2θ = 33.0 (d= 3.06056) 
and 42.0 (d= 2.14006), which may be assigned to disordered graphitic (002) and (100) plane, respectively 
(Fig.-3). Such a disordered graphitic carbon was termed as ‘turbostratic structure’ by Joshi et al. 2021.23 

 
Fig.-2: FTIR of the Carbonised Sunflower Stems (a) Before Adsorption (b) After 

Adsorption 

 
Fig.-3: XRD of the Adsorbent 

Time Study and Kinetics of Adsorption 
The amount of Cu adsorbed (mg g-1) was increased with increase in agitation time and reached 
equilibrium. The equilibrium time was found to be 90, 120, 150, 160, and 180 min for 10, 20, 30, and 40 
mg L-1, respectively. The amount of cu ion removed at equilibrium increased from 9.830 to 37.42 mg g-1 
with an increase in Cu concentration from 10 to 40 mg L-1. The adsorption at various concentrations was 
rapid in the initial stages and gradually decreased when the equilibrium time was reached.23,18,22 
 

Adsorption Kinetic Data 
The adsorption kinetic models were analyzed using Lagergren (Lagergren, 1898)24 second order25 and 
Banghams pore diffusion26 models. The experimental qe values were found to be closer to the calculated qe 
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values of the second-order kinetic plots when compared to those of the first-order kinetic plots (Table 3). 
Calculated correlation values are closer to unity for the second-order kinetic model. Thus, the adsorption 
kinetics can be more favorable by the second-order kinetic model for Copper. This finding was found to 
be similar to what has been reported in the adsorption of Cu2+ by Colocasia esculenta.19 Bangham’s 
model was used to analyze whether the adsorption is pore-diffusion controlled.  The graph of log {log [C0 

/ (C0-qM)]} vs log t (R2= 0.9999) were reported to be linear for various concentrations at 35oC confirming 
that the adsorption process is pore-diffusion controlled. An increase in sunflower stem dose increased the 
removal of copper and quantitative removal occurred at 100, 100, 200, 300, and 300 mg for 10, 20, 30, and 40 
mg L-1, respectively. The rise in the adsorption study with adsorbent dose is due to more surface area and the 
availability of more adsorption sites.  
 

Isotherms of Adsorption Process 
The equilibrium time of adsorption isotherm is fundamentally very crucial in the design of adsorption 
systems. In this study, adsorption of copper ions by sunflower stem was analyzed by well-registered 
Langmuir27, Freundlich28, Dubinin-Radushkevich19, and Temkin29 isotherms respectively (Fig.-4). The 
adsorption constants, Q0, and b, were calculated from the linear plot of Ce/qe vs Ce and found to be 38.05 
mg g-1 and 0.9689 L mg-1, respectively. High pore volume and high surface area of the sunflower stem are 
responsible for the good adsorption capacity of the adsorbent for the removal of Cu. The Freundlich 
constants, kf, and n were assessed from the linear plots of log qe vs log Ce and found to be 14.46 mg1-1/n 
L1/ng -1 and 2.14, respectively. The value of n lies between 1 and 10 indicating favourable adsorption.23 
The D-R constants qm and ß were calculated from the linear plots of ln qe vs є2 and found to be 1596 mol 
g-1 and 3x10-9 mol2 J-2, respectively. The E value (12.9 kJ mol-1) is between 8 and 16 kJ mol-1 which 
showed that the adsorption process followed the ion exchange mechanism.21 Temkin isotherm constants 
A and B were found to be 4.001 L mg-1 and 10.6 mg g-1, respectively. Freundlich, Langmuir, Temkin, and 
D-R constants for the adsorption process of copper by different adsorbents are outlined in the literature 
(Table-3). It is apparent that carbonized sunflower stem is cost-effective because this basic raw material is 
an unused waste and doesn’t have any commercial value. Figure-4 represents the different adsorption 
isotherms along with the experimental data. In order to know the validity of adsorption isotherms, a 
normalized ∆q(%) deviation, was evaluated using the following equation: 
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Where the ‘exp’ and ‘cal’ are the calculated and experimental values and ‘n’ is the number of measurements. 
From the results, it was investigated that the values of ∆q acquired from Langmuir [∆q(%) =3.7], and 
Freundlich [∆q(%) =7.78], were lower when compared to D-R [∆q(%) = 11.8] and Temkin [∆q(%) = 29.3] 
adsorption isotherm study. It has been investigated that the equilibrium time data fitted better with 
Langmuir and Freundlich isotherms over the full range of concentrations when compared to Temkin and 
D-R isotherms. An increase in temperature will slightly increase the amount of copper adsorbed at 
equilibrium time, qe (Table-2) confirming that the adsorption process has no effect on temperature.  

 
Table-1: Characterisation of the Carbonized Sunflower Stem 

Parameter Value 
pH ZPC 

Conductivity (μS/cm) 
8.0 

172.6 
Moisture (%) 9.0 
Bulk density 

Total acid group (meq g-1) 
Total basic group (meq g-1) 
Carboxyl group (meq g-1) 

0.36 
20.45 
25.06 
7.92 

Lactone group (meq g-1) 
Phenolic group (meq g-1) 
BET Surface area (m2/g) 

5.23 
7.30 

317.939 
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Table-2: To Compare the First Order, Second Order Adsorption, and Banghams Constants and Calculated and 
Experimental Qe Values for Different Initial Copper ion Concentrations and for Different Temperatures 

Parameter qe(exp) 
mg g-1 

First order Kinetics Second order Kinetics Banghams Model 
Conc. in 

( mg L-1 )* 
k1(min-1) qe(cal) 

(mg g-1) 
R2 k2 

(g mg 
min-1) 

qe 

(cal) 
(mgg-1) 

R2 ko α R2 

10 9.13 0.039 7.71 0.99 0.0073 10.18 0.99 11.3 0.41 0.93 

20 16.32 0.016 12.36 0.98 0.0034 17.86 0.99 19.7 0.34 0.99 

30 25.16 0.021 21.33 0.98 0.0015 24.03 0.99 31.2 0.30 0.98 

40 36.26 0.024 26.31 0.95 0.0013 33.77 0.99 42.1 0.32 0.97 

50 43.42 0.028 42.32 0.98 0.0005 42.51 0.99 60.1 0.38 0.96 

Temp 
0C+ 
35 

 
 

9.13 

 
 

0.039 

 
 

7.71 

 
 

0.96 

 
 

0.0076 

 
 

10.18 

 
 

0.99 

 
 

11.3 

 
 

0.41 

 
 

0.93 

40 9.81 0.041 7.42 0.93 0.0072 10.6 0.99 11.4 0.40 0.97 

50 9.82 0.043 7.90 0.96 0.0075 10.12 0.99 11.5 0.39 0.95 

60 9.83 0.044 7.16 0.98 0.0071 10.21 0.99 11.1 0.38 0.97 
 

*Conditions: Adsorbent dose, 50 mg/50 ml; pH 3.0; Temp. 35 oC.  
+Conditions: Conc., 10 mg L-1; Adsorbent dose, 50 mg/50 ml; pH 3.0. 

 

Table-3: Langmuir, Freundlich, D-R, and Temkin Constants for Adsorption of Cu by Various Adsorbents Reported 
in Literature 

   

a -Not reported. 
Impact of pH 
The effect of solution pH on the adsorption of copper using sunflower stem was studied of different pH values. 
Initially, the removal increased with an increase in the solution pH. In the acidic medium, the positively 
charged amino groups of copper become protonated, therefore the excess of H+ ions on the surface competes 
with metal ions for adsorption sites. This result in electrostatic repulsion below the adsorbent surface and 
metal. At pHzpc greater than pH, the concentration of H+ ion decreased in the solution, and there exist 
competitive adsorption and repulsive interaction between Copper and H+ ions also decreased,  increasing the 
adsorption amount. Whereas in the case of a more basic medium (i.e >8.0), the hydroxyl ions may get 
interacted with positively charged metal molecules resulting in poor binding.21 
 

Adsorbent Qo 
(mg g-1) 

b (Lmg-1) kf 
mg1-1/n 

L1/ng-1 

 
n 

qm 
(molg-1) 

E 
kJ/mol 

 
B 

 
Référence 

Sunflower stem 38.05 0.9689 14.46 2.14 3X10-9 1596 65.3 Present 
study 

Plam oil sludge 48.8 0.12 654 1.2 918 0.40 68.8 [16] 
Biochar from 

Ascophyllum Sea 
seeds 

223 0.01 3.15 
 

1.1 a 
 

a a [17] 

Tunitan Crude oil 
weeds 

18.93 0.011 8.79 1.07 a 
 

a 
 

102.5 [18] 
 

Colocascia esculenta 
stem 

2.0 0.10 1.15 1.0 3.14*10-5 

 
1.82 

 
a [19] 

Natural fox tail 
millet weeds 

11.84 0.23 4.3 1.1 9.61 
 

1.47 
 

a [20] 
 

Magnetic silver 
nanoparticles 

419 0.43 5.1 1.1 23.9 0.43 a [21] 

PolypyrroleFe/Zn 
nanocomposites 

6.75 a 4.5 1.8 a a 12.3 [23] 
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Desorption Analysis 
Desorption studies clarify the adsorption mechanism and recover the cherished Cu and adsorbent. When the 
desorbing pH was increased, the percent desorption increased from 4.13% at pH 2.0 to 74 % at pH 6.0 and 
then decreased to 11.06 % at pH 11.0 for 40 mg L-1(Fig.-5). This is due to the increased concentration of OH- 
leading to electrostatic repulsion between positively charged metal ions and the surface. Both the pH effect and 
desorption studies explain that physisorption was involved in the removal of copper by carbonized sunflower 
stem. 

0

20

40

60

80

100

120

140

160

180

200

0 2 4 6 8 10 12 14

Ce (mg/L)

q
e
 (

 m
g

/g
)

Experimental qe

Langmuir

Freundlich

D-R

Temkin

 
Fig.-4: Adsorption Isotherms for Copper onto Sunflower Stem 
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Fig.-5: Effect of pH and Desorption of Copper Ions onto Sunflower Stem 
 

CONCLUSION 
Carbonized sunflower stem were used for the removal of copper ions in a batch mode adsorption system 
by varying the operating conditions such as adsorbent dosage, initial concentration of copper solution, pH 
and desorption studies. Langmuir Isotherm fit well with the experimental data. The adsorption capacity 
given by the Langmuir model is 38.05 mg g-1 at 32oC. The material used is an agricultural waste product 
which can help in sequestration of metal ions present in waste water. 
 

ACKNOWLEDGEMENT 
The authors would like to acknowledge the DST–SERB (EEQ), New Delhi for funding support (Ref. No. 
EEQ/2019/000184). 

REFERENCES 
1. M. V. Blano, D. I Cattoni, P. Carriquiriborde, J. R. Grigera, O. Chara, Ecological Modelling, 274, 

50(2014), https://doi.org/10.1016/j.ecolmodel.2013.12.002   
2. Bahman Ramavandi and Ghorban Asgari,  Process Safety and Environmental Protection, 116, 

61(2018), https://doi.org/10.1016/j.psep.2018.01.012  

%
 A

ds
or

pt
io

n 

Initial pH 

%
 D

esorption 



 
 Vol. 15 | No. 4 |2267-2273| October - December | 2022 

2273 
BIOSORPTION OF COPPER IONS BY CARBONIZED SUNFLOWER STEM                                                                             C. Sireesha  et al. 

3. I. Yruela, Brazalian Journal of Plant Physiology, 17, 145(2005), https://doi.org/10.1590/S1677-
04202005000100012  

4. D. J. Waggoner, T. B. Bartnikas, J. D. Gitlin, Neurobiology of Disease, 6, 221(1999),  
https://doi.org/10.1006/nbdi.1999.0250  

5. J. S. Valentine, P. J. Hart,  Proc. Natl. Acad. Sci. USA., 100, 3617(2003). 
6. L. Murley, Pollution Hand Book, National Society for Clean Air and Environmental Prot., Brighton 

(1992). 
7. C. A. Toles, W. E. Marshall, M.M. Johns, L. H. Wartelle, A. Mcoloon, Bioresource Technology, 71, 

87(2000), https://doi.org/10.1016/S0960-8524(99)0029-2  
8. A. I.  Zouboulis, K. A. Matis,  B. G. Lanar, Separation Science, 32, 1755(1997), 

https://doi.org/10.1080/01496399708000733  
9. L. Canet, M. Ilpide, P. Seta,  Separation Science and Technology,  37, 1851(2002), 

https://doi.org/10.1081/SS-120003047  
10. Y. A. Yahaya, M.M. Don, Bhatia, Journal of Hazardous Materials, 161, 189(2009), 

https://doi.org/10.1016/j.jhazmat.2008.03.104  
11. Sheng – Han Peng, Rong Wang, Li – Zhi Yang, Li He, Xu He, Xin Liu, Ecotoxicology and 

Environmental Safety, 165, 61(2018), https://doi.org/10.1016/j.ecoenv.2018.08.084  
12. E. Lovell Odili, Agwaramgbo, Renata Fraga Cardoso, Taynara Simao Matos, Journal of Scientific 

Research and Reports, 12, 1(2016), https://doi.org/10.9734/JSRR/2016/31118  
13. Harish Sharma, Rajesh Kumar, Mahesh Chandra Vishwakarma, Sushil Kumar and Narender Singh 

Bhandari,   Asian Journal of Chemistry, 32, 727(2020),   https://doi.org/10.14233/ajchem.2020.22372  
14. Z. Kong, X. Li, J. Tian, J. Yang, S. Sun, Journal of Environmental Management, 134, 109(2014), 

https://doi.org/10.1016/j.jenvman.2014.01.007  
15. A. Yargic, R. Y. Lhin, N. Ozbay, E. Onal,  Journal of Cleaner Production, 88, 152(2015), 

https://doi.org/10.1016/j.jclepro.2014.05.087  
16. Goh. Sethupathi, S. Bashir, J. K. Ahmed, Journal of Environmental Management,  237, 281(2019), 

https://doi.org/10.1016/j.jenvman.2018.12.103  
17. R. Katiyar,  A. Patel, T. Nguyen, W. Chen, Bioresource Technology, 328, 124829(2021),  

https://doi.org/10.1016/j.biortech.2021.124829  
18. B. Khiari, M. Wakkel, S. Abdulmouren, N. Jegiurthim, Materials, 123, 145(2019), 

https://doi.org/10.3390/ma12030365  
19. S.  Maity. S. Nanda, A. Sachan,  Environmental Science and Pollution Reserach, 13865(2021), 

https://doi.org/10.1007/s11356-021-13026-1  
20. S.H. Peng, R. Wang, Yang, Li.  L. Xin,  Ecotoxicology &  Environmental Safety, 165, 61(2018), 

https://doi.org/10.1016/j.ecoenv.2018.08.084  
21. G. J. Joshiba, P. Senthilkumar, G. Pooja, V. Vinoth Kumar, Environmental Science and Pollution 

Reserach, 27, 27202(2019), https://doi.org/10.1007/s11356-019-05186-y        
22. M. Mushtaq, N. Bhathi, N. Iqbal,  Journal of  Environmental Management, 176, 21(2016), 

https://doi.org/10.1016/j.jenvman.2016.03.013  
23. G. Joshi, P. Senthilkumar, Letters in Applied Nanobioscience, 10, 2329(2021). 
24. S. Lagergren Zur theorie der sogenannten adsorption geloster stoffe. Kungliga svenska  

vetenskapsakademiens, Handlingar, 24, 1(1898). 
25. Y.S. Ho, and G.McKay, Process Biochemistry, 34, 451(1999), https://doi.org/10.1016/S0032-

9592(98)00112-5  
26. A. Bhatnagar, A.K. Jain, Journal of Colloid and Interface Science, 281, 49(2005), 

https://doi.org/10.1016/j.jcis.2004.08.076  
27. I. Langmuir, Journal of Chemistry Physics, 40, 1361(1918). 
28. H. Freundlich, Uberdie adsorption in lusungen, Journal of Physical Chemistry, 57, 385(1906). 
29. M. Temkin, V. Pyzhev, Acta Physico Chimica Sin, 12, 217(1940). 

[RJC-8035/2022] 


