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Abstract
South African mine water might contain several harmful contaminants such as, but not 
limited to vanadium.  � erefore, this study described the development and application 
of a newly developed banana peel nano-adsorbent (BPN) for the removal of vanadium 
from synthetic water. � e adsorbent was characterized using scanning electron micros-
copy (SEM), Fourier transform infra-red (FT-IR), particle size distribution while the 
amount of rare earth elements (REEs) adsorbed were determined by ICP-OES. It could 
be shown that the milling process reduced the particle sizes from smaller than 65 µm to 
below 25 nm and the crystallite sizes from 108 to 12 nm. FT-IR analysis revealed that 
the coordination and the lanthanide removal results from amine and carboxylic groups 
with adsorption bands at 889 cm-1 and 1730 cm-1, respectively. Langmuir isotherms 
gave a good description of vanadium adsorption onto BPN with maximum adsorption 
capacity of 27.94 mg g-1. However, the matrix of the mine water to be treated substan-
tially determines which sorbent needs to be used
Keywords: mine water, mechanical milling, batch adsorption, agricultural waste, rare 
earth elements
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Introduction 
South Africa economy might not survive 
without mining operation as it has become 
their source of income over the years. Toxic 
metals mined such Pb, Cr, and V are used in-
dustrially worldwide but also contaminates 
the surface and underground water due to 
their bioavailability. In addition, South Af-
rica has been recognised as the second largest 
steel maker in which vanadium is an impor-
tant additive in steel making. � e contamina-
tion is signi� cant therefore also � nds its ways 
into the environment from the industries in 
which its usage is paramount. 

Even though  vanadium-laden water has 
been treated by many researchers via various 
techniques and mechanisms such as chemi-
cal precipitation, solvent extraction, micellar 
ultra� ltration, ion exchange and adsorption 
(Lynn and Kerry 2005 ; Srivastava 2006). It 
has been reported that the use of adsorption 
process remain the most cost e� ective meth-

od (Alimohammadi et al. 2016; Bakiya et al. 
2012)

Adsorption process is highly economical 
and capable of removing contaminants even 
at trace level. � e use of this technique in wa-
ter and wastewater treatment due its simplic-
ity, low cost of operation and wide end use 
is reported (Naeem et al. 2007). However, the 
success of the above mentioned process is 
highly dependent on the choice of appropri-
ate media. As such, a number of sorbent ma-
terials have been investigated for the removal 
of vanadium from wastewater which include 
polymer composite, zeolite, clay and agricul-
tural waste (Abollino et al. 2008; Kaczala et 
al. 2009; Kurniawan et al. 2006; Mariangela et 
al. 2012). 

Agricultural resources considered as 
waste, such as sugarcane bagasse, pineapple 
peels, coconut coir, apple waste and banana 
peels have been employed to remove met-
als from waste water. � is is possible due to 
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the presence of useful constituents and acid 
groups such as cellulose, carboxylic and phe-
nolic groups that are necessary for the e� ec-
tive treatment of industrial e�  uent. � ese 
materials can also be used in metal specia-
tion, as in the case of Cr (VI) sorption by co-
conut coir  (Gonzalez et al. 2008). Advances 
in nanoscience and nanotechnology have ex-
panded the ability to develop nanomaterials 
with enhanced properties to solve the cur-
rent problems involving water treatment. � e 
main property that makes nanomaterials at-
tractive is that they are extremely small in size 
(1-100 nm), which provides higher surface 
area per unit mass compared to their micron 
size counterparts (Arup and Jayanta 2015). In 
this study, nanostructured banana peels were 
developed in other to take advantage of their 
improved chemical and physical properties in 
vanadium removal from aqueous solution.

Experimental
Banana peels (Musa paradisiacal) were ob-
tained, cut into chips and washed with deion-
ized water to remove the adhering dirt and 
then sun dried for 10 days. � e dried peels 
were crushed and screened to obtain a par-
ticle size of <65µm. � e details of mechanical 
milling of crushed banana peels (<65µm) and 
all necessary characterization analyses was 
reported elsewhere (Oyewo et al. 2016). 

Batch equilibrium experiments were 
performed to determine the performance of 
BPN on vanadium removal from aqueous 
prepared by decomposition of ammonium 
metavanadate in deionised water at around 
200 °C (Crans 2005).

Firstly, the e� ect of solution pH was ex-
plored by varying pH from 2 to 10 using either 
NaOH (0.1 M) or HCl (0.1 M) for initial pH 
adjustment. � e e� ect of sorbent loading was 
explored by varying the mass of the sorbent 

from 0.01 g to 0.2 g while the e� ect of con-
centration was explored by varying the con-
centration of the V synthetic solution from 20 
to 200 mg/L. Finally, the e� ect of temperature 
was determined varying the temperature from 
25 to 45 °C, with a 50 mg/L V solution at a pH 
of 2.10. � e sorbent mass was � xed at 0.2 g for 
the latter experiments. For each experiment, 
the bottles were placed in a thermostatic shak-
er operated at 200 rpm for 24 h. At the end of 
the contact period, the samples were � ltered 
using 0.2 µm pore size polypropylene syringe 
� lters and the � ltrate was analysed by induc-
tive coupled plasma optical emission spec-
troscopy (ICP-OES) to determine the equilib-
rium concentration of V. 

� e percentage removal e�  ciency Rt was 
calculated (equation 1):

        (1)
where Co (mg∙L-1) is the initial lanthanides 
concentration, Ce (mg/L-1) the concentration 
of lanthanides at equilibrium. All batch tests 
were performed in polypropylene tubes and 
sorbents separation as well as � ltrate analysis 
was done accordingly.

Results and discussion
Characterization result
It was observed that as the milling progressed, 
the fracturing of the particles increased and 
more nanoparticles were formed as shown in 
Table 1. Clearly, mechanical milling gives a nar-
row size distribution of BPN which is a neces-
sary precondition for a good adsorption media.

Adsorption results: E� ect of pH
� e nano-sized banana peels (BPN) removed 
very high concentration of V at pH 2 (Fig. 1.). 
A steep decrease in V uptake was observed 
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Ta ble 1. Summary of TEM and particle size distribution analyses of milled banana peels

Milling time (h) Average particle size (nm) Mean crystalline size (nm) Lattice strain (%)

0
10
20
30

< 65000
< 300
< 65
< 25

108
71
20
12

0.24
0.63
0.64
0.69
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with an increase in pH up to 8, indicative of 
the interaction of cationic V species with the 
surface hydrophilic of BPN. At low pH, posi-
tively charged V species predominant, there-
fore higher percentage removal observed 
might be due to hydrophobic interactions 
and hydrogen bonding since BPN is highly 
electronegative throughout the pH range 
(Oyewo et al., 2016). At pH 4–8, anionic V 
species predominate (Crans 2005) and this 
could explain the lower removal rates within 
this range. Crans (2005) reported that a high-
er pH causes a higher degree of protonation 
and polymerisation of V ions, which could 
limit removal of anionic V species, even at 
optimum pH. � erefore, adsorption of V 
onto BPN was pH dependent, and mainly oc-
curred due to interaction between hydrophil-
ic surface of BPN and the cationic V group.

Adsorption result: Sorption iso-
therms
� e temperature dependence of V sorption 
from synthetic water was explored by varying 
the temperature from 25 to 45 °C (Fig.2). It 
was observed that an increase in equilibrium 
concentration increased V equilibrium up-
take for all the temperatures studied. More-
over, the adsorption capacity increased as the 
temperature rose, indicating that V sorption 
on BPN is temperature dependent. � e en-
hanced sorption at higher temperatures may 

have been due to a decrease in the thickness 
of the boundary layer surrounding the BPN. 
� ere is also a possibility that the increased 
movement of the molecules as the tempera-
ture rose increased the uptake. � e data pro-
vided from sorption equilibrium are used to 
describe the interaction between adsorbate 
and adsorbent for e� ective design of an ad-
sorption process. Furthermore, sorption 
equilibrium data are used in comparing the 
performance of di� erent media for a given 
sorption process. Consequently, the experi-
mental data were analysed using Langmuir 
and Freundlich models (Table 1).

� e linear form of the Langmuir and 
Freundlich adsorption isotherm equations 
are given in equation (2) and equation (3), 
respectively:

        (2)
        (3)
where Ce (mg/L) is the concentration of V 

at equilibrium, qe (mg/g) the V equilibrium 
uptake, b is the Langmuir constant and qo is 
the adsorption capacity of the monolayer; KF 
and n are the Freundlich parameters related 
to adsorption capacity and adsorption inten-
sity, respectively.

� e Langmuir isotherm parameter qo, 
which measures the monolayer capacity of 
the adsorbent, increased with an increase in 
temperature, as did the predicted KF values 

Figure	  1	  Effect	  of	  solution	  pH	  in	  the	  adsorption	  of	  vanadium	  in	  synthetic	  water	  onto	  banana	  peels	  nanosorbent	  
(BPN) 
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temperature	  from	  25	  to	  45	  °C	  (Fig.2.).	  It	  was	  observed	  that	  an	  increase	  in	  equilibrium	  concentration	  
increased	  V	  equilibrium	  uptake	  for	  all	  the	  temperatures	  studied.	  Moreover,	  the	  adsorption	  capacity	  
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were	  analysed	  using	  Langmuir	  and	  Freundlich	  models	  (Table	  1).	  

	  
Figure	  2:	  Isotherm	  for	  vanadium	  synthetic	  water	  onto	  BPN	  
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Figure 1 E� ect of solution pH in the adsorption of 
vanadium in synthetic water onto banana peels na-
nosorbent (BPN)
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from the Freundlich isotherm; an inconsis-
tent pattern was noted for the Langmuir con-
stant b. KF is related to the sorption capacity, 
and its increase matched the enhanced sorp-
tion (Table 1). Comparing the Langmuir and 
Freundlich adsorption isotherm correlation 
values (R2), the Langmuir isotherm gave a 
good description of V adsorption onto BPN. 
� is was similar to the results reported by 
Manohar et al. (2005).

Conclusions
In this study, nanostructure formation of ba-
nana peels and its performance in Vanadium 
removal from aqueous solution has been 
demonstrated. � e surface area increment of 
crushed banana peels powder (1.0694-4.5547 
m2/g) was observed as milling time increased 
(0 to 30 h) (Oyewo et al. 2016). � e extent 
of adsorption was controlled primarily by pH 
and temperature. A solution pH of 2.10 was 
adopted for the sorption of Vanadium from 
synthetic water, which is consistent with the 
chemical interaction between the hydrophilic 
surface of BPN and the cationic Vanadium 
species. It was observed that a dosage of 0.2 g 
of BPN was required for 91 % removal of Va-
nadium from 100 mg/L initial concentration 
(aqueous solution). � e Langmuir isotherm 
model gave a good description of Vanadium 
adsorption onto BPN compare to Freundlich 
isotherm model. Considering the availabil-
ity of banana peels as a waste material, and 
the competitive sorption capacity achieved 
through milling, this material can be a po-
tential candidate for treatment of vanadium-
laden mine water.
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