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Abstract: Batch desorption experiments were carried out on four raphia palm (Raphia
hookeri) fruit biomasses sorbed with Pb, Cd, and Fe(III) ions, using HCl and NaOH as
desorbing solutions. Results showed that for both acid and alkaline desorption, Pb2+
proved to be the most desorbed among the three metal ions considered. Maximum percent
desorption was 98.35% on the UEN biomass. On a general consideration, MEP biomass
appeared to be the best by which the metal ions could be desorbed. The modified
biomasses were more generally desorbed than the unmodified. There was a general pattern
of dependence for all the metal ions considered, such that desorption decreased with
increase in concentration loaded on the biomasses.

Introduction
Solid-liquid interaction such as adsorption is an equilibrium process. Adsorbate mobility
from bulk solution and subsequent attachment to the adsorbent surface is at some point balanced by
a detachment from the surface and reentry into the bulk. The latter process is desorption. While
adsorption is useful for adsorbate removal, desorption is an important regeneration step or process
for the adsorbent after adsorption. The concern over metal pollution of the aqueous environment has
been the main drive for the search for methods for removal of pollutants such as metal ions in the
aqueous phase. Removal materials and methods are available for metal ions and other aqueous
phase pollutants. By reasons of availability, low cost and regenerative benefit, removal of aqueous
pollutant molecules or ions have been approached via phytofiltration or biosorption. Biosorption is
a chemical technique of removing soluble solutes by the use of biological or agricultural or
vegetable materials. Biosorbents have been proven to have high capacities for aqueous metal ions
removal due to their metal sequestering properties and can significantly reduce the concentration of
heavy metals in solution[1] [2]. They have been found to be effective, of low cost and eco-friendly
above conventional methods [3],[4],[5] and[6]. Studies have shown that plant biomass can
effectively bind metals and thus remove them from solutions [7]. For these reasons, it is important
to consider a reciprocal process as desorption to evaluate the reuse potentials of biosorbents. Some
adsorption works have been followed up with desorption [8], [9],[10]. Pb and Cd ions were
desorbed from Amanita rubescens and colemanite ore waste (CW) using both 1 M HCl and 1 M
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HNO 3 . The recovery for both metal ions was found to be higher than 90 % for Amanita rubescens
and 95% for colemanite ore waste (CW) [11]. The effects of acidic, basic and neutral reagents on
the recovery of Pb2+ and Cd2+ from metal-laden biomass of wild cocoyam(C.bicolor) was
investigated by [12]. Acidic media recovery for Pb2+ was over 90%, and Cd2+ was 80.52%. Basic
media recovery for Pb2+ and Cd2+ were 12.11% and 23.44% respectively. [13] put the HCl recovery
from unmodified Solanum elaeagnifolium biomass at about 100% for Pb2+ and 53.8% for Cd2+. The
reuse potential of raphia palm (Raphia hookeri) fruit after adsorption is here investigated using two
desorbing solutions.
Material and Methods
Batch adsorption experiments were first carried out to load the raphia palm (Raphia hookeri)
fruit biomass with metal ions separately. In the loading, 0.2g of 600 μm of UEN, UEP, MEN, and
MEP were separately weighed out into 15 mL glass tubes. The biomasses were equilibrated by
shaking at 325 rpm with 10 mL of metal ion solutions with initial concentrations of 20, 40, 60, 80
and 100 mg/L respectively for one hour at room temperature. The reaction bottles were filtered, and
the filtrates were analysed for metal ion concentrations using the atomic absorption
spectrophotometer(AAS).
The same mass of metal ion- loaded residue of the previous filtration was placed in each tube
containing 10 mL of 0.01 M HCl or 0.01 M NaOH as desorbing solutions. The tubes were shaken in
a variable shaker at 325rpm at room temperature for one hour. After one hour, the mixtures were
respectively filtered, and the filtrates were analysed for metal ion concentration by atomic
absorption spectrometry (AAS). The amounts of metal ions in the filtrate showed the amounts of
metal ions desorbed by the desorbing solutions.
Results and Discussion
The results of the desorption studies are presented in the plots of relevant variables in
Figures 1 to 14.

Figure 1: Percentage desorbed with HCl against the amount loaded for the desorption of Pb, Fe(III)
and Cd ions using unmodified raphia palm fruit endocarp(UEN).
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Figure 2: Percentage desorbed with HCl against the amount loaded for the desorption of Pb, Fe(III)
and Cd ions using unmodified raphia palm fruit epicarp(UEP).
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Figure 3: Percentage desorbed with HCl against the amount loaded for the desorption of Pb, Fe(III)
and Cd ions using modified raphia palm fruit endocarp(MEN).

3

% Desorbed with HCl for MEP
% Desorbed

120
100
80
60

Pb(MEP)

40

Fe(MEP)
Cd(MEP)

20
0

20

40

60

80

100

Amount loaded (mg/L)
Figure 4: Percentage desorbed with HCl against the amount loaded for the desorption of Pb, Fe(III)
and Cd ions using modified raphia palm fruit epicarp(MEP).
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Figure 5: Percentage desorbed with NaOH against the amount loaded for the desorption of Pb,
Fe(III) and Cd ions using unmodified raphia palm fruit endocarp(UEN).
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Figure 6: Percentage desorbed with NaOH against the amount loaded for the desorption of Pb,
Fe(III) and Cd ions using unmodified raphia palm fruit epicarp(UEP).
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Figure 7: Percentage desorbed with NaOH against the amount loaded for the desorption of Pb,
Fe(III) and Cd ions using modified raphia palm fruit endocarp (MEN).
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Figure 8: Percentage desorbed with NaOH against the amount loaded for the desorption of Pb,
Fe(III) and Cd ions using modified raphia palm fruit epicarp(MEP).
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Figure 9: Percentage desorbed with HCl against the amount loaded for the desorption of Pb ion
using modified and unmodified raphia palm fruit endocarp and epicarp.
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Figure 10: Percentage desorbed with HCl against the amount loaded for the desorption of Fe ion
using modified and unmodified raphia palm fruit endocarp and epicarp.
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Figure 11: Percentage desorbed with HCl against the amount loaded for the desorption of Cd ion
using modified and unmodified raphia palm fruit endocarp and epicarp.
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Figure 12: Percentage desorbed with NaOH against the amount loaded for the desorption of Pb ion
using modified and unmodified raphia palm fruit endocarp and epicarp.
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Figure 13: Percentage desorbed with NaOH against the amount loaded for the desorption of Fe(III)
ion using modified and unmodified raphia palm fruit endocarp and epicarp.
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Figure 14: Percentage desorbed with NaOH against the amount loaded for the desorption of Cd ion
using modified and unmodified raphia palm fruit endocarp and epicarp.
Desorption was carried out to ascertain the possibility of recovery of adsorbed metal ions from the
biomasses and hence deduce the most viable part of the fruit for such a process. The data
represented in figure 1 to 14 showed that for both acid and alkaline desorption, Pb2+ proved to be
the most desorbed among the three metal ions considered. Maximum percent desorption was
98.35%, 10.53% and 12.43% for Pb2+, Fe3+ and Cd2+ respectively on UEN. That for UEP was
90.58%, 4.60% and 12.33% for Pb2+, Fe3+ and Cd2+ respectively. The maximum percent desorption
for MEN biomass were 92%, 7.01% and 9.93% for Pb2+, Fe3+ and Cd2+ respectively. Maximum
percent desorption for MEP were 95.81%, 6.59% and 12.89% for Pb2+, Fe3+ and Cd2+ respectively.
Analysis of the different ions on the same biomass with HCl showed the following trend of
occurrence:
UEN (HCl): Pb2+ > Cd2+ > Fe3+
UEP (HCl): Pb2+ > Cd2+ > Fe3+
MEN (HCl): Pb2+ > Cd2+ > Fe3+
MEP (HCl): Pb2+ > Cd2+ > Fe3+
The order of preference of desorption of different ions on the same biomass with NaOH is as
follows:
UEN (NaOH): Pb2+ > Fe3+ > Cd2+
UEP (NaOH): Pb2+ > Fe3+ > Cd2+
MEN (NaOH): Pb2+ > Fe3+ > Cd2+
MEP (NaOH): Pb2+ > Fe3+ > Cd2+
It is clear from the given orders that Pb2+ was the best desorbed with both acid and alkaline media
for all biomasses considered.
Single metal ions desorption concerning different biomass showed the following sequence using the
acid:
Pb2+(HCl): MEP > UEN > UEP > MEN (maximum % desorbed)
Fe3+(HCl): UEN > MEN > MEP > UEP (maximum % desorbed)
Cd2+(HCl): UEN > MEP > UEP > MEN (maximum % desorbed)
On a more general consideration of the plot of the acid-desorbed biomasses for single ions, MEP
biomass appeared to be the best by which the metal ions could be desorbed. This projection was
evident in the case of the alkaline desorption as shown by the order given below:
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Pb2+ (NaOH): MEP > MEN > UEN > UEP
Fe3+ (NaOH): MEP > MEN > UEP > UEN
Cd2+ (NaOH): MEP > MEN > UEP > UEN
From the trend, the modified biomasses were more desorbed than the unmodified; and between the
two modified forms, MEP gave a better desorption for the metal ions. Though Pb2+ was the most
desorbed, there was a general pattern of dependence for all the metal ions considered. In general,
percent desorption decreased with increase in concentration loaded to the biomasses.
The trend of single ion desorption indicated a differential desorption of the metal ions. Ionic radii
have been proposed as one of the enhancing factors for differential adsorption of cationic species on
binding sites of biosorbents. It has been observed that the elements with the smaller ionic radius
will compete faster for exchange sites than those of larger ionic radius [14]. Previous studies by
[15], [16] and [17] also showed that cationic species of smaller ionic radii have a greater affinity for
binding sites on biosorbents than larger ones. A corollary of differential adsorption should be a
differential desorption: since the affinity of the larger ions is less than the smaller ions towards the
biosorbents, it would imply that the element with the larger ionic radius would be desorbed faster
and more than the elements with smaller ionic radii. The ionic radii of the metals considered in this
work are 1.20 Å, 0.97 Å and 0.64 Å for Pb2+, Cd2+ and Fe3+ respectively. The Pb ion is the largest
of the three ions. Hence its desorption will be more and easier because of its lowest biosorbent
affinity, in comparison to the smaller ions. This trend is shown for Pb2+ in the acid desorption for all
the biomasses used.
Metal ions also act as Lewis-acids capable of accepting electron pairs from donors in solution. Acid
strength of metal ions is obtained from their acid-dissociation constants (K a ) for hydrolysis which
in general increases with increase in charge and decreasing ionic radius. The acid strength of the
metal ions is: Fe3+ > Cd2+ > Pb2+. An element with a higher tendency of accepting electron-pairs is
more likely to be retained on the adsorbent than the one with a lower tendency. By the trend of
Lewis acidity, Pb2+ is most likely to be flushed, then Cd2+ and lastly Fe3+.
A probable mechanism of desorption can be derived according to the following reactions:
HCl (aq) + H 2 O (l) = H 3 O+(aq) + Cl− (aq)
MX(s) + H 3 O+ (aq) + nCl−(aq) = Mn+(aq) + nCl−(aq) + HX + H 2 O(l)
Where, M is the metal atom and X is the adsorbent.
The proposed mechanism could imply that the process of desorption was ion-exchange. Sorption
has been observed to occur through processes such as complexation, precipitation [18], and ionexchange [19], but ion-exchange is more generally prevalent. Mechanism of metal-ion stripping
from loaded biomass have been observed to proceed in acidic media [20],[21], [22], [23],[24],[25]
and basic media [26] by ion-exchange.
Conclusion
Desorption analysis showed that the adsorbates could be recovered from the raphia palm fruit
biomass after adsorption. Acid desorption proved to be a better option than the alkaline desorption.
An optimum desorption capacity of 98% showed that the raphia palm fruit biomass could be used as
a recycling medium for the adsorbate.
Acknowledgements
The authors are grateful to the Niger Delta University for the provision of a working space and
instruments

10

References
[1] B. Volesky, Biosorbent materials, Biotechnology and bioengineering symposium, 1986, pp. 121-126.
[2] N. Das, R. Vimala, P. Karthika, Biosorption of heavy metals–An overview Indian Journal of Biotechnology, 7
(2008) 159 – 169.
[3] C. Stöhr, C. Bartosch, R. Kiefer, W.H. Höll, Separation of mixtures of heavy metals by parametric pumping with
variation of pH, Chemical engineering & technology, 24 (2001) 879-883.
[4] M.J. Horsfall, A. Arbia, A. Spiff, Removal of Cu (II) and Zn (II) ions from wastewater by cassava (Manihot
esculenta Cranz) waste biomass, African Journal of Biotechnology, 2 (2003) 360-364.
[5] Z.A. Alothman, A.H. Bahkali, M.A. Khiyami, S.M. Alfadul, S.M. Wabaidur, M. Alam, B.Z. Alfarhan, Low cost
biosorbents from fungi for heavy metals removal from wastewater, Separation Science and Technology, 55 (2020)
1766-1775.
[6] B.A. Ezeonuegbu, D.A. Machido, C.M.Z. Whong, W.S. Japhet, A. Alexiou, S.T. Elazab, N. Qusty, C.A. Yaro, G.E.
Batiha, Agricultural waste of sugarcane bagasse as efficient adsorbent for lead and nickel removal from untreated
wastewater: Biosorption, equilibrium isotherms, kinetics and desorption studies, Biotechnology reports (Amsterdam,
Netherlands), 30 (2021) e00614.
[7] H. Seki, A. Suzuki, S.-I. Mitsueda, Biosorption of heavy metal ions onRhodobacter sphaeroidesandAlcaligenes
eutrophusH16, Journal of Colloid and Interface Science, 197 (1998) 185-190.
[8] S.P. Mishra, Adsorption–desorption of heavy metal ions, Current Science, 107 (2014) 601-612.
[9] S. Lata, Regeneration of adsorbents and recovery of heavy metals: a review, International journal of environmental
science and technology, v. 12 (2015) pp. 1461-1478-2015 v.1412 no.1464.
[10] A. Chatterjee, J. Abraham, Desorption of heavy metals from metal loaded sorbents and e-wastes: A review,
Biotechnology letters, 41 (2019) 319-333.
[11] A. Sari, M. Tuzen, Kinetic and equilibrium studies of biosorption of Pb(II) and Cd(II) from aqueous solution by
macrofungus (Amanita rubescens) biomass, J Hazard Mater, 164 (2009) 1004-1011.
[12] M. Horsfall Jnr, F.E. Ogban, E.E. Akporhonor, Recovery of lead and cadmium ions from metal-loaded biomass of
wild cocoyam (Caladium bicolor) using acidic, basic and neutral eluent solutions, Electronic Journal of Biotechnology,
9 (2006) 152 - 156
[13] T.H. Baig, A.E. Garcia, K.J. Tiemann, J.L. Gardea-Torresdey, ADSORPTION OF HEAVY METAL IONS BY THE
BIOMASS OF SOLANUM ELAEAGNIFOLIUM (SILVERLEAF NIGHTSHADE) Proceedings of the Conference on
Hazardous Waste Research, 1999, pp. 131-142.
[14] M.H. Jnr, A.I. Spiff, Equilibrium sorption study of Al3+, Co2+ and Ag+ in aqueous solutions by fluted pumpkin
(Telfairia occidentalis HOOK f) waste biomass, Acta Chim. Slov, 52 (2005) 174-181.
[15] F. Okieimen, A. Maya, C. Oriakhi, Sorption of cadmium, lead and zinc ions on sulphur-containing chemically
modified cellulosic materials, International journal of environmental analytical chemistry, 32 (1988) 23-27.
[16] G. Mckay, M. El Geundi, M. Nassar, Equilibrium studies during the removal of dyestuffs from aqueous solutions
using bagasse pith, Water research, 21 (1987) 1513-1520.
[17] Y. Ho, Wase, DAJ, C. CF Forster, Removal of lead ions from aqueous solution using sphagnum moss peat as
adsorbent, Water SA, 22 (1996) 219-224.
[18] D.R. Crist, R.H. Crist, J.R. Martin, J.R. Watson, Ion exchange systems in proton—metal reactions with algal cell
walls, FEMS Microbiology Reviews, 14 (1994) 309-313.
[19] J.L. Gardea-Torresdey, G.d.l. Rosa, J.R. Peralta-Videa, Use of phytofiltration technologies in the removal of
heavy metals: A review, Pure and Applied Chemistry, 76 (2004) 801-813.
[20] J.L. Gardea-Torresdey, K.J. Tiemann, J.H. Gonzalez, I. Cano-Aguilera, J.A. Henning, M.S. Townsend, Removal of
nickel ions from aqueous solution by biomass and silica-immobilized biomass of Medicago sativa (alfalfa), Journal of
Hazardous Materials, 49 (1996) 205-216.
[21] J.L. Gardea-Torresdey, K.J. Tiemann, G. Gamez, K. Dokken, Effects of chemical competition for multi-metal
binding by Medicago sativa (alfalfa), J Hazard Mater, 69 (1999) 41-51.
[22] M.A. Hashim, H.N. Tan, K.H. Chu, Immobilized marine algal biomass for multiple cycles of copper adsorption
and desorption, Separation and Purification Technology, 19 (2000) 39-42.
[23] M. Iqbal, A. Saeed, N. Akhtar, Petiolar felt-sheath of palm: a new biosorbent for the removal of heavy metals from
contaminated water, Bioresource Technology, 81 (2002) 151-153.
[24] N. Akhtar, A. Saeed, M. Iqbal, Chlorella sorokiniana immobilized on the biomatrix of vegetable sponge of Luffa
cylindrica: a new system to remove cadmium from contaminated aqueous medium, Bioresource Technology, 88 (2003)
163-165.
[25] S.K. Lister, M.A. Line, Potential utilisation of sewage sludge and paper mill waste for biosorption of metals from
polluted waterways, Bioresource Technology, 79 (2001) 35-39.

11

[26] R.S. Bai, T.E. Abraham, Studies on chromium(VI) adsorption-desorption using immobilized fungal biomass,
Bioresour Technol, 87 (2003) 17-26.

12

