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Abstract 
The effective and economical removal of phosphates from aqueous solution, 
mostly applied in waste water treatment, is one of the significant issues glob-
ally. Removal of phosphates ions in aqueous solution was analysed by chito-
san blended with cellulose acetate, and iron oxide loaded chitosan-cellulose 
acetate adsorbents. The adsorbents were made in the form of beads. Batch 
experiments were performed to investigate the performance of the beads un-
der various conditions on phosphate adsorption. Contact time, effect of initial 
phosphate concentration, adsorbent dosage, pH and temperature were inves-
tigated. Zeta potential measurements were also undertaken. The results 
showed that the adsorption process was highly pH dependent. The adsorp-
tion kinetics data were modelled with the application of adsorption reaction 
models and adsorption diffusion models. The results revealed that the pseudo 
2nd order model was the best fitting in all cases. The experimental data were 
tested with Langmuir and Freundlich isotherms. The equilibrium data were 
well fitted to the Langmuir isotherm model with a maximum adsorption ca-
pacity of 958 µg/g. The Freundlich isotherm model also had a close fit with a 
maximum adsorption of 233 µg/g, which was very close to the experimental 
maximum adsorption. The mechanism of adsorption followed two stages in 
which the first one was fast followed by a slower gradual stage. SEM images 
showed that the adsorbent was macroporous. Fourier Transform Infrared 
Red (FT-IR) Spectroscopy, X-ray Diffraction Spectroscopy (XRD) and X-ray 
photoelectron Spectroscopy (XPS) showed that the phosphate adsorption on 
the HFO-CS/CA beads was due to surface complexes, and mainly involved 
Nitrogen atoms. HFO loading also increased surface area. 
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1. Introduction 

Phosphate is the natural occurring form of phosphorus element that is essential 
to all life on earth. Its life-giving properties are key to a variety of cellular and 
biological processes that allow plants, animals and even humans to grow. Many 
of the most important biochemicals are organophosphates including ATP 
(Adenosine Triphosphate), DNA (Deoxyribonucleic acid), and RNA Ribonucleic 
acid). ATP is a chemical compound that breaks down to release energy in the 
body and a key stage in the Kreb’s Cycle [1]. RNA and DNA are the backbones 
of life on this planet, via genetics. Therefore, the availability of phosphorus is a 
key factor controlling photosynthesis. It’s for these reasons that phosphate is a 
highly sought after resource. 

Industrial use of phosphates, mainly in the inorganic forms such as 3
4PO − , 

2
4HPO − , and 2 4H PO− , is a constituent of fertilizers, detergents and food addi-

tives. Once used, it is often a limiting nutrient in environments, and its availabil-
ity may govern the rate of growth of organisms, especially in fresh water envi-
ronments. Phosphates are present in the environment through run off from ag-
ricultural fields as it adheres tightly to soil [2], and also present in sewage via 
human waste and food residues. A normal adult excretes 1.3 - 1.5 g of phospho-
rus per day. Additional phosphorus originates from the use of industrial prod-
ucts, such as toothpaste, detergents, pharmaceuticals, and food-treating com-
pounds. 

Addition of high levels of phosphate to environments and to micro-environments 
in which it is typically rare can have significant ecological consequences. For 
example, blooms in the populations of some organisms at the expense of others, 
and the collapse of populations deprived of resources such as oxygen can occur. 
Eutrophication is one such, where algae populations explode forming mats as a 
result of being produced faster than they are consumed, diminishing the pene-
tration of light into the water. This results in depletion of dissolved oxygen con-
sequentially death of aquatic life. 

The natural background levels of total phosphorus are generally less than 0.03 
mg/l. The range is usually between 0.005 to 0.05 mg/L [3] [4]. Increased levels as 
low as 0.08 mg/L of P have been shown to cause excessive algae and plankton 
bloom. Although levels of 0.08 to 0.10 mg/l orthophosphate may trigger periodic 
blooms, long-term eutrophication will usually be prevented if total phosphorus 
levels and orthophosphate levels are below 0.5 mg/l and 0.05 mg/l, respectively 
[4]. Therefore, removal of phosphates from waste water is a key issue in modern 
water treatment studies. 

There are a number of techniques that have been put in use for removal of 
phosphates in wastewater. These are ion-exchange [5], reverse osmosis [6], pre-
cipitation [7], electrodialysis [8], and bioremediation [9], among others. Tech-
nically, these methods are not feasible and economical to meet the stringent 
regulations of phosphorous concentrations in effluent. They can lower the con-
centration of P to about 0.5 - 0.7 mg/L [10]. Therefore, more novel and advanced 
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processes are being studied. In recent days, ion exchange and adsorption has 
shown tremendous potential use in waste water treatment [11]. Adsorp-
tion-based processes are advantageous when compared with other techniques in 
terms of the infrastructure cost, modular design, simplified technological design, 
and operation. The other important advantage to note is that with adsorption, 
pollutant values can be recovered along with their removal from the effluents. 
Use of materials of biological origins has shown to be more economical and en-
vironment friendly. 

Chitosan, a derived from chitin after N-deacetylation process, has been found 
to be a good bio-adsorbent [12]. The protonation of the amine groups [13], in 
chitosan in acidic environment is important as pertaining to the adsorption of 
the negatively charged phosphate ions. The poor chemical stability and low me-
chanical strength of chitosan is improved by adding cellulose acetate which acts 
as a matrix polymer. It improves the strength and volume of the chitosan [11]. 
Studies have also shown hydrated iron oxides (HFO) to be effective in removal 
of ions from aqueous solutions, by formation of inner sphere complexes [14]. 
Their stability over a wide range of pH is an advantage. Research has shown that 
metal oxide/metal nanoparticles embedded in appropriate support materials 
enhance permeation of targets ionic solutes. In this study, the adsorption prop-
erties of chitosan are complemented by the complexation properties of HFO, 
whereas cellulose acetate increases porosity and strength of the material, and 
hence adsorption efficiency. 

In this study, the main objective was met through a series of short term stud-
ies that were to synthesize, characterize, and study the adsorption properties of 
chitosan based bead materials with and without HFO loading, for physiochemi-
cal characterization based on potentioetry and adsorption measurements. A 
comparison of experimental parameters such as pH, concentration of adsorbate, 
temperature, and dosage of adsorbent was done to provide information about 
the adsorption properties of the materials. 

Complementary physiochemical structure and surface characterization study 
using Scanning electron microscopy (SEM), Fourier transform infra-red (FT-IR) 
Spectroscopy, X-ray powder diffraction (XRD) and X-ray photoelectron spec-
troscopy (XPS). 

2. Materials and Methods 
2.1. Reagents and Materials 

Cellulose acetate and low molecular weight chitosan (Deacetylated chitin) were 
purchased from Shanghai Aldrich Company. Formate, CH2O2 (98%), Potassium 
antimony tartrate trihydrate (C8H4K2O12Sb2∙3H2O), ammonium molybdate 
((NH4)2MoO4), Potassium dihydrogen phosphate (KH2PO4) and ascorbic acid 
(99.99%) were purchased from Shanghai Macklin Company. Iron (III) chloride 
hexahydrate (FeCl3∙6H2O) and all other chemicals were of reagent grade purity 
and Milli-Q water was used to prepare all solutions. All experiments were per-
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formed in triplicate. Glass flasks and beakers were used in all experiments. 

2.2. Preparation of Standards and Test Solutions 

A 50 mgP/L Phosphate stock solution was prepared by measuring 0.2197 g of 
KH2PO4 and dissolving it in some Milli-Q water in a 1000 ml volumetric flask. 
Then 5 ml of 1:1 H2SO4 was added to the solution and more Milli-Q water was 
added up to the 1000ml mark. Prior to measuring the KH2PO4, it was been 
pre-dried at 110˚C for 2 hours and then allowed to cool in a desiccator. For the 
colorimetric determination of phosphates, 10% ascorbic acid was prepared by 
dissolving 10 g of ascorbic acid in Milli-Q water up to 100 ml mark. This solu-
tion was stored in a dark bottle at 4˚C and was stable for 4 weeks and after that 
discarded and another one prepared. The combined reagent for the molybde-
num blue method was prepared by measuring 14.44 g of (NH4)2MoO4 and dis-
solving it in Milli-Q water to make 100 ml solution (solution A). Then 0.35 g of 
C8H4K2O12Sb2∙3H2O was weighed and dissolved in Milli-Q water to make 100 ml 
solution (solution B). Solution A was then put in 300 ml of 1:1 H2SO4 slowly 
with stirring, then solution B was added to the above mixture and mixed thor-
oughly. This solution (was labelled as solution C) was also stored in in a dark 
glass bottle and was stable for two months. 

2.3. Synthesis of Adsorbent Material 

A 3 g amount of chitosan powdered flakes was put in a 200 ml beaker. 12 g of 
cellulose acetate powder was also weighed and added into the beaker. Then 100 
ml of formate was measured with a measuring cylinder and added to the same 
beaker. The mixture was then covered and mixed at 200 rpm with a mechanical 
stirrer for 12 hours, at room temperature. The viscous chitosan-cellulose acetate 
solution was then injected in droplets into 4 M NaOH solution to form hydrogel 
beads, while stirring the NaOH solution on a magnetic stirrer at 300 r.p.m. The 
injection was done by using gravity to do the dropping of the viscous chito-
san-cellulose acetate solution through a 50 ml syringe. The beads were approxi-
mately 2 - 3 mm in sizes. The hydrogel beads were then allowed to stay in the 
NaOH solution with slow stirring (on a magnetic stirrer 300 r.p.m.) for another 
12 - 24 hours for hardening. The hardened beads were then separated from the 
NaOH solution and washed with Milli-Q water until the solution pH became 
neutral. The beads were then air-dried at room temperature for 2 - 3 days and 
stored ready for use. This material had no iron oxides on them and herein was 
referred as CS/CA beads. 

For the iron oxide loaded beads, the same procedure was followed. After mix-
ing the chitosan, cellulose and formate mixture for 12 hours, 0.5 g of hydrated 
ferric chloride (FeCl3∙6H2O) was added to the viscous mixture, followed with 
further stirring for 12 hours. Thereafter the injection and hardening and clean-
ing procedure above followed. Also, the beads were then air-dried at room tem-
perature for 2 - 3 days and stored ready for use. This material was herein re-
ferred to as HFO-CS/CA beads. 
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2.4. Zeta Potential Measurement 

The zeta potential of the material was measured. The dried bead material was 
ground into a fine powder. A weighed amount of powdered material (optimal 
dosage weight) was put into a solution of 50 ml Milli-Q water with different pH 
values (2, 4, 5, 7, 9, and 11) in the 100 ml conical flasks. The mixture was then 
shaken (160 r.p.m.) at 25˚C for 24 hours. The samples were then sonicated for 1 
hour to remove any loosely held agglomerates. Thereafter, the zeta potential of 
the material was then measured using the Brookhaven (90 Plus Zeta) Zeta po-
tential analyzer. 

2.5. Surface Morphology Characterization and Spectroscopy 
2.5.1. Scanning Electron Microscopy 
Scanning Electron Microscopy (SEM) was done to deliver images with informa-
tion about the samples’ topography and composition, using the Phenom Pro 
desktop SEM with a backscattered detector. SEM images were taken at different 
resolutions and magnification for both HFO-CS/CA and CS/CA beads before 
and after air drying. 

2.5.2. Fourier Transform Infrared (FTIR) Spectroscopy 
Some of the dried CS/CA beads and HFO-CS/CA beads were separately ground 
into a fine powder using an electrical grinder machine. Approximately 0.1% - 
1.0% sample was well mixed with KBr powder with a mortar and pestle, into a 
homogenous material. A force of approximately 8 tons was then applied for sev-
eral minutes to form transparent pellets. Then the Nicolet-6700 FT-IR machine 
was used to analyse the sample. 

2.5.3. Powder X-Ray Diffraction (XRD) 
Some of the dried CS/CA beads HFO-CS/CA beads, before and after adsorption, 
were separately ground into a fine powder using an electrical grinder machine. 
Then the sample was homogenized with a binder in a pestle and mortar, and 
then pressed in the ring to get a mechanical stable sample. XRD is a rapid ana-
lytical technique used for phase identification of crystalline material and pro-
vides information of unit cell dimensions. X-rays generated in the cathode ray 
tube are collimated and directed onto the samples, as the sample and detector 
are rotated the reflected ray is recorded. The interaction of the sample and inci-
dent ray produces constructive interference hence diffracted rays. A study of 
these diffracted rays allows the identification of the material composition and 
characteristics. The diffraction rays peaks are converted into d-spacing models 
and each mineral or compound has a set of unique d-spacings. Thermo-fisher 
scientific XRD analyzer was used. 

2.5.4. X-Ray Photoelectron Spectroscopy (XPS) 
The ground CS/CA beads HFO-CS/CA samples were also analyzed using 
Thermo-fisher scientific XPS equipment. This is a surface-sensitive quantitative 
spectroscopic technique that measures the elemental composition, empirical for-

https://doi.org/10.4236/eng.2019.117027


N. M. Waweru et al. 
 

 

DOI: 10.4236/eng.2019.117027 371 Engineering 
 

mula, chemical state and electronic state of the elements that exist within a ma-
terial. A beam of X-rays is radiated on the material while simultaneously meas-
uring the energy and number of electrons that escape from the top 0 - 10 nm of 
the material being analysed. Thus, the XPS spectra are obtained which are used 
to identify the elements present. 

2.6. Batch Adsorption Experiments 

Batch experiments were carried out with a pH range of 2 - 11. 0.1 M HCl and 0.1 
M NaOH was used to adjust the pH of the solutions. Unless stated otherwise, the 
sampling volume and measurements were performed in this route. First, a vol-
ume of the sample was taken out of the flask and filtered through 0.45 μm mem-
brane filters into 50 ml test tubes up to the 25 ml mark. Then Milli-Q water was 
added to dilute up to the 50 ml mark. 1 ml of ascorbic acid was added into the 
solution in test-tube, and after 30 seconds 2 ml of reagent solution C (see Section 
2.2) was added. The mixture was allowed to stay for 15 minutes for colour de-
velopment and it was analysed thereafter using Shimadzu UV-3600 UV-VIS-NIR 
spectrophotometer at the detection wavelength of 700 nm. The adsorption ca-
pacity of phosphate was estimated according to equations 2.1 to 2.3: 

( )qt Co Ct V m= − ×                       (2.1) 

( )qe Co Ce V m= − ×                      (2.2) 

( ) 100%Re Co Ce Co= − ×                    (2.3) 

where qt is the adsorption capacity at time t (min), qe is the amount adsorbed at 
equilibrium, Co is the initial phosphate concentration (mgP/L), Ce is the equi-
librium P concentration (mgP/L), V is the sample solution volume (L), m is the 
mass of adsorbent used (g), and Re is the removal efficiency at the adsorption 
equilibrium. 

2.6.1. Determination of Optimal Adsorption Time 
50 ml solution of 2 mgP/L KH2PO4 was measured and added into a series of 100 
ml conical flasks. The pH of the solutions was first adjusted to pH 7.0 ± 0.2 using 
0.1 M NaOH and 0.1 M HCl. The pH was being measured using an electronic 
pH meter. Portion of bead material, both HFO-CS/CA and CS/CA beads, were 
weighed (0.05 g) and added into the conical flasks. The flasks were put in a 
shaker (160 r.p.m.) at 25˚C. Samples were analysed at specific times to deter-
mine the concentration of P left in the solution. 

2.6.2. Determination of Optimal Adsorbent Dosage 
50 ml solution of 2 mgP/L KH2PO4 was measured and added into a series of 100 
ml conical flasks. The pH was adjusted as in 2.6.1 above to pH 7.0 ± 0.2 for all 
samples. Portions of sorbent of different weights were added into the flasks. 
Then the mixture was put into a shaker (160 r.p.m.) at 25˚C, at a constant time 
as determined in point 2.6.1. Samples were then analysed to determine the con-
centration of P left in the solution, and hence establish the optimum dosage for 
sorption. 

https://doi.org/10.4236/eng.2019.117027


N. M. Waweru et al. 
 

 

DOI: 10.4236/eng.2019.117027 372 Engineering 
 

2.6.3. Determination of Optimal Initial P Concentration 
The pH of the samples was adjusted to pH 7.0 ± 0.2 for all samples, adsorbent 
was weighed as according to weight determined in 2.6.2 above. Then the mixture 
was put into a shaker (160 r.p.m.) at 25˚C, at a constant time as determined in 
Point 2.6.1. Samples were then analysed to determine the concentration of P left 
in the solution, and hence establish the optimum initial P concentration to be 
used in this study. 

2.6.4. Determination of Optimal pH 
50 ml solution of KH2PO4 was measured with the concentration of P determined 
in 2.6.3 and added into a series of 100 ml conical flasks. The pH of the solution 
was adjusted as described above, to different pH values (2, 4, 5, 7, 9, and 11). The 
same procedure was repeated for all samples, shaking (160 r.p.m.) at 25˚C for 
time and adsorbent dosage determined in 2.6.1 and 2.6.2 respectively. Samples 
were then analysed to determine the concentration of P left in the solution, and 
thus the optimal pH where maximum adsorption took place. 

2.6.5. Determination of Effect of Temperature on Adsorption 
50 ml solution of KH2PO4 was measured with the concentration of P determined 
in 2.6.3 and added into a series of 100 ml conical flasks. The pH was adjusted 
using 0.1 M NaOH and 0.1 M HCl to the optimal pH determined in 2.6.4 above. 
Portions of the HFO-CS/CA adsorbent were weighed as determined in 2.6.2 
above and added to the solution. The mixtures were then put in shakers (160 
r.p.m.) with different temperatures (15˚C, 25˚C, 35˚C and 50˚C) and left for a 
time as determined in 2.6.1. Samples were then analysed to determine the con-
centration of P left in the solution, and hence establish the effect of temperature 
on adsorption. 

2.7. Effect of Co-Existing Ions 

The anions present in water such as 2
4SO − , Cl−, 3NO− , and 2

3CO −  might affect 
the adsorption of phosphates by competing for adsorption sites. To investigate 
the competing effect of coexisting anions on the adsorption of phosphate onto 
the bead material, Na2SO4, NaCl, NaNO3 and Na2CO3 were used to prepare solu-
tions with varying concentrations of the anions which were added to the phos-
phate solutions of a fixed P concentration. 0.5 mM, 1.0 mM and 5.0 mM con-
centrations of 2

4SO − , Cl−, 3NO−  and 2
3CO −  anions were used for the study. 

For all experiments, the initial concentration of phosphate was 1.2 mgP/L and 
that of the absorbent was as determined in 2.6.2. All the experiments were con-
ducted in solutions at pH = 7.0 ± 0.2 and shaken at a rate of 160 r.p.m for a time 
determined in 2.6.1 at 25˚C. 

2.8. Regeneration Studies 

The re-use of the bead material was studied by establishing the removal effi-
ciency of an optimized HFO-CS/CA bead system re-used for a number of cycles. 
A cycle of adsorption-desorption experiments was performed. First, the beads 
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were rinsed with Milli-Q water to remove the surface phosphate solution. Then, 
desorption was achieved by washing the bead adsorbed phosphate using solu-
tions of NaCl and NaOH solution for a period of 24 hours in orbital shaker (160 
r.p.m.) at 25˚C just like in the batch adsorption experiments. 10% NaCl and 1M 
NaOH solutions. For some tests the beads (after desorption cycle) were rinsed 
with dilute HCl solution (pH 4) before the next adsorption cycle. The phosphate 
concentration as determined like in the other experiments using the UV-Vis 
spectrophotometer. The adsorption capacity was determined for each adsorption 
cycle. 

3. Results and Discussion 
3.1. Surface Morphology 

The colour of the HFO-CS/CA beads after drying was dark-brown-reddish col-
our, while the colour of the CS/CA beads was white. The dark-brown-reddish in 
the HFO-CS/CA is attribute to the ferric oxides in the material. The SEM images 
shown in Figures 1-3 showed that both the HFO-CS/CA and CS/CA beads were 
porous. The outer surface layer of the beads was amorphous as seen above, while 
the inner core had a layered textural porosity as shown below. The SEM back-
scatter micrographs of the beads were obtained using an acceleration of 20 keV. 

3.2. FT-IR Spectroscopy 

Fourier Transform Infrared Spectroscopy (FTIR analysis or FTIR Spectroscopy) 
is an analytical technique used to identify organic, polymeric, and in some cases, 
inorganic materials. It is a qualitative analysis of the molecular structure of a 
material. The FT-IR spectra of the chitosan based beads were as given in Figure 
4. 

Significant changes between the HFO-CS/CA and CS/CA in the FT-IR spectra 
are found the wavenumbers 2360.37 cm−1 and 2343.19 cm−1. This may be due to the 
iron oxides loading on the CS/CA material. To demonstrate the accomplishment  
 

 
Figure 1. SEM images of the surface and cross-section of (a) wet, (b) dry, CS/CA 
beads. 
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Figure 2. SEM images of the surface and cross-section of (a) dried (b) wet, 
HFO-CS/CA beads. 

 

 
Figure 3. SEM images of the interior core of (a) dried (b) wet, HFO-CS/CA 
beads. 

 

 
Figure 4. FT-IR Spectra of the CS/CA beads and HFO-CS/CA beads before ad-
sorption. 
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of phosphates adsorbed on the HFO-CS/CA, the changes in the spectra for 
HFO-CS/CA before and after phosphate adsorption were compared (Figure 5). 
The changes at 2145.27 cm−1 and 850 cm−1 may suggest -OH stretching vibration 
on the alcohol group [15]. There was a reduction in the band at 1320 cm−1 sug-
gesting a reduction on intensity of -OH, meaning surface hydroxyl groups had 
been replaced by adsorbed phosphate. A shift is observed between 800 cm−1 to 
550 cm−1 which suggested N-H wagging/bending [15] [16], or shifts in H-bonding, 
a possibility due to adsorption. At 3500 cm−1 to 3300 cm−1 was the N-H stretch-
ing region. Also at 2200 cm−1 to 2000 cm−1, there is an observable change with 
the transmission lowering suggesting PO-H bonds. 

3.3. Powder X-Ray Diffraction (XRD) 

XRD sampling was done to allow identification of the material composition and 
probable unit cell dimensions, and its characteristics especially its crystallinity. 
Shown in Figure 6 are the spectra and data from the analysis. 

The XRD spectra implied the CS/CA and HFO-CS/CA are semi-crystalline in 
nature, as the peaks obtained at about 2θ ≈ 20.5 were broad. The spectra for 
HFO-CS/CA beads before adsorption show a broader peak, with a second minor 
two peaks being observed at 2θ ≈ 20.5 and 2θ ≈ 23.5, with the latter being more 
visible. This implied iron oxides loading, and suggested that the sample was go-
ing from semi-crystalline to more amorphous nature [17]. Although the CS/CA 
beads has a narrower peak compared to HFO-CS/CA beads, the peak intensity 
for HFO-CS/CA beads is slightly lower than for CS/CA beads. This suggested 
that the average unit cell dimension in HFOCS/CA was reduced due to HFO 
loadings [18]. After adsorption, the HFO-CS/CA used beads still showed a 
broader peak, however, the peak intensity at 2θ ≈ 23.5 becomes more noticeable. 
This may have been due to a lesser true sum of all the diffracted X-ray photons 
 

 
Figure 5. FT-IR spectra of HFO-CS/CA before and after phosphates adsorption. 
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Figure 6. XRD spectra of the CS/CA beads with no adsorption and, 
HFO-CS/CA beads before and after phosphate adsorption. 

 
(or neutrons) that had been detected, suggesting change due to phosphate load-
ing [18]. The interaction detected in this study decreases the membrane crystal-
linity. 

3.4. X-Ray Photoelectron Spectroscopy (XPS) 

CS/CA beads HFO-CS/CA samples were analyzed using XPS analyzer to deter-
mine quantitatively the elemental composition, empirical formula, chemical 
state and electronic state of the elements that exist within a material. The differ-
ent XPS spectra are as shown below. 

Figure 7 shows the presence of a new peak at around 710.38 eV that is absent 
in Figure 8, signifying iron loading. From the survey image, iron is effectively 
loaded on the CS/CA. Similarly, after adsorption phosphate shows in the image. 
This is clearly shown in Figure 9, where there’s a new band at 133 eV that is ab-
sent in Figure 7, (i.e. band present after adsorption), suggesting the loading with 
phosphates. 

In Figure 10(a) and Figure 10(b), the typical N 1s XPS spectra of the 
HFO-CS/CA beads before and after adsorption were compared. There is only 1 
peak at 399.3 eV. This was attributed to the N atom in the -NH2 and/or -NH- 
groups on surface the beads [11]. After adsorption, a new peak appears at 402.1 
eV. Referenced from other studies [11] [15] [17], this was an indicator that some 
N atoms existed in a more oxidized state on the beads surface due to phosphate 
adsorption. This phenomenon can be attributed to the formation of surface 
complexes, in which a lone pair of electrons in the N atom was donated to 
shared bonds in the complexes, and as a result electron cloud density of N is re-
duced. The XPS spectra provided evidence that phosphate binding to the 
HFO-CS/CA beads. 
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Figure 7. XPS spectrum of HFO-CS/CA beads before phosphate adsorption. 

 

 
Figure 8. XPS spectrum of CS/CA beads. 

 

 
Figure 9. XPS spectrum of HF0-CS/CA beads after phosphate adsorption. 
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Figure 10. N 1s XPS spectra for iron loaded chitosan cellulose acetate 
beads before (a) and after (b) phosphate adsorption. 

3.5. Properties Affecting Adsorption 
3.5.1. Effect of Reaction Time on the Adsorption of P 
The time of adsorption was varied from 0 to 48 hours. For the preliminary in-
vestigation, it was observed that at the first 60 minutes, the removal efficiency 
decreased from 9.5% to 6.5% and then started rising. As time further increased, 
the efficiency also increased to 30% for HFO-CS/CA beads and about 17% for 
CS/CA beads after 1 hour. It was observed for both adsorbent material that after 
24 hours, there was no significant change in the concentration. Hence equilib-
rium had been reached. At optimum adsorbent dosage, samples tested at 24 
hours showed an 82% and 71% removal efficiency by HFO-CS/CA and CS/CA 
beads respectively. After 24 hours, there was no significant change in adsorption. 
For the next period of 24 hours the change was about 1.09% which was consid-
ered negligible. 
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Figure 11 shows that the adsorption capacity increased rapidly in the begin-
ning and then gradually to equilibrium. As time progressed, the adsorbent sur-
face had been covered and all affinity site almost used up so no adsorption takes 
place. The anions are in equilibrium and hence no much change between the 
solid phase and the solution phase. Saturation of adsorption sites had occurred 
approximately at 24 hours. In all cases, the HFO-CS/CA bead material had a 
better removal efficiency and adsorption capacity as compared to CS/CA beads. 
The contact time was similar to theoretical time from literature review. 

3.5.2. Effect of Adsorbent Dosage the Adsorption of P 
During the adsorbent dosage studies, it was observed that as the dosage was in-
creased so did the removal efficiency from as low as 51% at 1 g/L to about 90% at 
6 g/L of HFO-CS/CA. CS/CA beads also followed a similar trend with the re-
moval efficiency increasing from 38% to 57% for the same range of adsorbent. 
However, with a further increase in the adsorbent dosage the reaction reached 
equilibrium at optimum dosage and thereafter the efficiency started to decrease. 
From Figure 12, the absorbent dosage was established to be 6 g/L with an effi-
ciency of 89% for HFO-CS/CA adsorbent. For the CS/CA beads, an optimum 
was not reached within the range meaning more material needed to be used to 
achieve the same adsorption as the iron loaded material. 

However, as the removal efficiency increased the adsorption capacity reduced 
with a further increase in adsorbent dosage as shown in Figure 12. Initially, at 
lower adsorbent dosage the number of amine and hydrated iron oxides active 
sites for adsorption are high, as the adsorbent concentration is increased the 
particle aggregation increases and as a result adsorption reduces. This phe-
nomenon can also be attributed to the underutilization of adsorption sites espe-
cially at low concentrations of adsorbate. 
 

 
Figure 11. Effect of time on adsorption capacity of HFO-CS/CA and 
CS/CA beads (Adsorption conditions: Co = 2 mgP/L, temp. 25˚C, ad-
sorbent 1 g/L, pH = 7.0 ± 0.02). 
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Figure 12. Effect of adsorbent dosage on adsorption capacity of 
HFO-CS/CA and CS/CA beads (Adsorption conditions: Co = 2 mgP/L, 
temp. 25˚C, time 24 hrs, pH = 7.0 ± 0.02). 

3.5.3. Effect of Initial Concentration 
The removal efficiency dependency on the initial concentration of the adsorbate 
is shown in Figure 13. All other parameters were kept constant and the initial 
phosphate concentration was varied from 0.2 mg/L to 10 mg/L. It was observed 
that at lower concentrations the efficiency increased rapidly as concentration of 
adsorbate increased in small ranges of about 0.4 mg/L, to an optimum and then 
started to decrease. With a further increase in concentration the change was only 
less. It can also be seen that the optimum concentration for HFO-CS/CA ad-
sorbent and CS/CA vary with the latter being achieved at a higher concentration 
of about 3 mgP/L compared to the former at about 1.2 mgP/L. In this study, 1.2 
mgP/L was chosen for investigation because after secondary waste water treat-
ment, the concentration of phosphates is in the range of 1.0 mgP/L - 1.5 mgP/L. 

The adsorption capacity, unlike the removal efficiency, continued to increase 
with a further increase in initial concentration. This was attribute to the fact that 
the increase of phosphate ions resulted in a shift in the direction of the reaction 
and hence a further increase in adsorption of particles. There were particles 
available to shift form the aqueous phase to the solid phase to balance the sys-
tem. This trend was observed for both HFO-CS/CA and CS/CA adsorbents. 
HFO-CS/CA adsorbent showed greater adsorption capacity as compared to 
CS/CA beads. 

3.5.4. Effect of pH and Determination of Zeta Potentials 
Maximum removal of phosphates was higher at almost neutral pH. The pH was 
increased from 2 to 11, and the removal efficiency of HFO-CS/CA beads initially 
increased form 42% to about 75% at pH 6-7 as shown in Figure 14. As the pH 
was increased further the removal efficient dropped significantly. It was ob-
served that for the CS/CA beads, the maximum removal efficiency of about 50% 
was at pH 5, a pH lower than that of the former. 

https://doi.org/10.4236/eng.2019.117027


N. M. Waweru et al. 
 

 

DOI: 10.4236/eng.2019.117027 381 Engineering 
 

 
Figure 13. Effect of initial concentration on the beads adsorption capac-
ity of phosphates (Adsorption conditions: Adsorbent dosage 6 g/L, temp. 
25˚C, time 24 hrs, pH = 7.0 ± 0.02). 

 

 
Figure 14. Effect of pH on adsorption capacity of phosphates (Adsorp-
tion conditions: Co = 1.2 mgP/L, adsorbent dosage 6 g/L, temp. 25˚C, 
time 24 hrs). 

 
There is a varied distribution of phosphate species in deionized water at vari-

able pH similar to other studies [7]. 
The effect of adsorption of phosphate ions on the HFO-CS/CA and CS/CA 

adsorbent could be explained by the electrostatic attraction between the adsor-
bate and adsorbent. The amine group in the adsorbent interacts with the dihy-
drogen and monohydrogen phosphate ions in pH range of 6.5 - 8. The proto-
nated amine groups (R-NH3+) on the surface of chitosan beads decrease with in-
creasing pH as shown in Figure 15. Figure 16 shows the speciation curve of the 
hydrated iron oxides. 
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Figure 15. Speciation curve of Chitosan at different pH at 25˚C. 

 

 
Figure 16. Speciation curve of hydrated iron oxides, at different pH at 25˚C. 

 
The change in adsorption characteristics with pH may be explained with the 

acid-base properties of the chitosan based particles. 

2 3NH H NH+ +− + −                        (3.1) 

3 2 4 3 2 4NH H PO NH H PO+ −− + −                    (3.2) 

2 2NH  OH NH OH− −− + −                       (3.3) 

The HFO-CS/CA beads had a greater adsorption capacity and removal effi-
ciency as compared to the CS/CA beads. It means the HFO improved the per-
formance of the chitosan based material. At high alkaline pH the hydrated iron 
oxides are highly negatively charged as in Figure 16, and Equation (3.3) above, 
resulting in repulsion of the negatively charged ions. And therefore the Donnan 
co-ion effect with the negatively charged phosphates is unfavourable. At around 
neutral pH, there is formation of inner sphere complexes between the phosphate 
anions and the hydrated iron cations. Therefore the anions are trapped in the 
solid phase. At higher pH, the hydrated irons are deprotonated and hence nega-
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tively charged and so are the phosphates and hence there is no possible electro-
static attraction of the species. Therefore adsorption of phosphate reduces. 

The point of zero charge estimated using the zeta potential measurements was 
found to be around pH = 6.2 and pH = 5.4 for the HFO-CS/CA and CS/CA bead 
materials respectively, as in Figure 17. For both materials, the surface is posi-
tively charged at lower pH values. The results were similar to other studies done 
on phosphate adsorption [7] [19] [20]. 

3.5.5. Effect of Temperature 
The adsorption capacity of HFO-CS/CA beads was studied at different tempera-
tures at 15˚C, 25˚C, 35˚C and 50˚C. The adsorption capacity increased with an 
increase in temperature although with very small margins as shown in Figure 
18. 

This cannot be used to conclude whether phosphate uptake on the iron oxide 
loaded CS/CA beads is endothermic, an entropy test needs to be performed. 
However, this can be attributed to the fact that at higher temperatures there is an 
acceleration of diffusion of phosphate ions into the adsorbent, and also an 
enlargement of the pore size of adsorbent to some extent. 

3.6. Effect of Competing Ions 

Figure 19 shows the results obtained of the adsorption capacity when Cl−, 
2
4SO − , 2

3CO −  and 3NO−  anions were present in the solution. It was observed 
the anions influenced the adsorption of phosphate with Cl− and 3NO−  ions 
showing only slight reduction while 2

4SO −  and 2
3CO −  ions had a bigger effect. 

This can be explained by the fact that 2
4SO −  and 2

3CO −  ions form both inner 
and outer spheres complexes [21] [22], with the active sites similar to those of 
phosphates, whereas Cl− and 3NO−  ions form weaker bonds of outer complexes 
[21]. These surface complexes reduce the active sites inhibiting the adsorption of 
 

 
Figure 17. Zeta potential of HFO-CS/CA material. 
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Figure 18. Effect of temperature on adsorption capacity of phosphates 
(Adsorption conditions: Co = 1.2 mgP/L, adsorbent dosage 6 g/L, pH = 7.0 
± 0.02). 

 

 
Figure 19. Column graph showing effect of coexisting ions on ad-
sorption capacity of phosphates, at different anion concentrations 
(Adsorption conditions: Co = 1.2 mgP/L, adsorbent dosage 6 g/L, 
temp. 25˚C, time 24 hrs, pH = 7.0 ± 0.02). 

 
phosphates. Furthermore, 2

4SO −  and 2
3CO −  may accumulate on or near the 

surface of the adsorbent forming negatively charged surfaces which results in 
repulsion forces with the phosphate anions. Increasing the concentration of the 
Cl−, 2

4SO − , 2
3CO −  and 3NO−  anions, from 0.5 mM to 5 mM caused a further 

reduction in the adsorption capacity. 

3.7. Adsorption Kinetics 

Kinetic models were used to investigate the mechanism of adsorption and its 
potential rate controlling steps for HFO-CS/CA beads. The maximum rate of 
increase on adsorption capacity was observed in the first 1 hour of the experi-
ment. The kinetic models used were grouped into two; adsorption reaction 
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models namely the Pseudo First order model (Lagergren model), the Pseudo 
Second order model (Ho and McKay Model), and Elovich model, and the Ad-
sorption diffusion models namely the Intra-particle diffusion model (Weber and 
Morris model). 

Pseudo First Order Model: The Lagergren’s first order equation was used. It is 
widely used for adsorption of adsorbate from an aqueous solution, and is repre-
sented as, 

( )ln ln 1qe qt qe K t− = −                       (3.4) 

where, qe is the equilibrium adsorption capacity (mg/g), qt is the adsorption ca-
pacity at time t (mg/g), K1 is the first order rate constant, (min−1). The pseudo 
first order considers that\the rate at which the adsorption sites are occupied by 
the adsorbate is directly proportional to the number of unoccupied sites. A plot 
of ln(qe − qt) vs. t is used to give a linear relationship for the applicability of the 
first order kinetic. The slope of the graph gives the value of K1 and the 
y-intercept gives the value of qe. Figure 20 represents the Pseudo First Order 
sorption kinetics of phosphate anions on to the iron oxide loaded chito-
san-cellulose acetate particles, at various temperatures 50˚C, 35˚C, 25˚C and 
15˚C with an adsorbent dosage of 6 g/L, initial phosphate concentration of 2.0 
mg/l and pH 7.0 ± 0.2. 

Pseudo Second Order Model: This model considers that the rate of adsorption 
of ions is based on the square of number of vacant sites on the adsorbent. It is 
represented by the equation below as, 

( )1 2 2t qt K qe t qe= +                      (3.5) 

A plot of t/qt vs t should give a linear relationship for the applicability of the 
second order kinetics. The slope of the graph gives the value of 1/qe while the 
value of K2 rate constant of pseudo second order adsorption, g (mg−1∙min−1), can 
be calculated from the y-intercept. Figure 21 represents the Pseudo Second  
 

 
Figure 20. Pseudo First order kinetic plot for the adsorption of 
phosphate ions onto HFO-CS/CA particles at different temperature. 
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Figure 21. Pseudo Second order kinetic plot for the adsorption of 
phosphate ions onto IO-CS/CA particles at different temperature. 

 
Order sorption kinetics of phosphate anions on to the iron oxide loaded chito-
san-cellulose acetate particles, at various temperatures 50˚C, 35˚C, 25˚C and 
15˚C with an adsorbent dosage of 6 g/L, initial phosphate concentration of 2.0 
mg/Land pH 7.0 ± 0.2. 

Simple Elovich model: The Elovich equation has been widely used in adsorp-
tion kinetics which describes chemical adsorption (chemical reaction) mecha-
nism in nature [23]. The Elovich model describes the adsorption of gas on to 
solid systems. It has also been applied in the adsorption of ions from aqueous 
solutions. The simple Elovich model is expressed as, 

ln 1 lnqt abb b t= +                         (3.6) 

The parameter a is the initial adsorption rate, mg (g−1∙min−1), and b is related 
to extent of surface coverage and activation energy for chemisorption, g∙mg−1. 

The equation can be simplified as; 

lnqt tα β= +                          (3.7) 

where α and β are constants obtained from the experiment. A plot of qt vs. lnt 
should give a linear relationship for the applicability of the simple Elovich ki-
netic. The value of α was calculated from the y-intercept, and β from the slope. 
Figure 22 represents the Simple Elovich model sorption kinetics of phosphate 
anions on to the iron oxide loaded chitosan-cellulose acetate particles, at various 
temperatures 50˚C, 35˚C, 25˚C and 15˚C with an adsorbent dosage of 6 g/l, ini-
tial phosphate concentration of 2.0 mg/l and pH 7.0 ± 0.2. Good correlation of 
the Elovich model with the experimental data indicates heterogeneous adsorp-
tion behaviour that concurs with the nature of chemical adsorption. 

The parameters of First order, Second order and Simple Elovich kinetics 
model for the adsorption of phosphate ions by the Iron oxide loaded chito-
san-cellulose acetate particles were calculated from the linear fits of the various 
curves, and tabulated in Table 1. 
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Figure 22. Simple Elovich liner plot for the adsorption of phosphate 
ions onto IO-CS/CA particles at different temperature. 

 
Table 1. Estimated parameters of kinetic models for the adsorption of phosphates by Iron 
oxide loaded Chitosan-cellulose acetate particles. 

Temp. ˚C Expe. qe 

First Order Kinetic 
Model 

Second Order  
Kinetic Model 

Elovich Kinetic 
Model 

R2 × 10−1 qe mg/g R2 × 10−1 qe
 mg/g R2

 
α 

(mg/(gmin)) 

β 
(g/mg)  
× 10−2 

15 0.20 9.2 0.13 9.95 0.20 0.97 0.03 2.3 

25 0.21 9.2 0.14 9.96 0.21 0.96 0.03 2.5 

35 0.23 9.3 0.15 9.96 0.23 0.96 0.03 2.8 

50 0.23 9.3 0.15 9.98 0.23 0.97 0.02 2.9 

 
The linear regression (R2) values of the above three models were compared. 

The Pseudo first order kinetic model had the lowest values and hence the inap-
plicability of this model. The equilibrium adsorption capacity (qe) of the Pseudo 
first order kinetic model was also much contrasted from the experiment qe. The 
R2 values obtained from the Elovich model were also lower as compared to the 
Pseudo second order kinetic model. The R2 values in the Pseudo second order 
kinetic model were the highest (R2 > 0.99) as seen in Table 1, and the qe were 
very close to the experimental values. Therefore, the adsorption of phosphates by 
iron oxide loaded chitosan-cellulose acetate particles followed the pseudo second 
order kinetic model, and it suggests that chemisorption, involving valence 
shared or electron exchange between adsorbate and adsorbent is what the ad-
sorption is based on [24]. Similar observations have also been report in other 
studies [15] [25] [26]. In general, the regression for all three models was found 
to be R2 > 0.9 and hence the results suggest both physical and chemical adsorp-
tion might be involved in the adsorption process. 

Intra-Particle Diffusion Model (Weber-Morris): The intra-particle diffusion 
model (IPD) proposed by Weber and Morris has been widely applied for the 
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analysis of adsorption kinetics. The model describes the sorption process from a 
mechanistic point of view. The overall sorption is described to occur in multiple 
steps. The adsorption mechanism occurs in three consecutive steps: mass trans-
fer across the external film of liquid surrounding the particle, adsorption at the 
surface of pores and the intra-particle diffusion. The slowest of these steps de-
termines the overall rate of process. In order to analyse the mechanism of the 
adsorption of phosphate anions by the iron oxide loaded chitosan-cellulose ace-
tate particles, the experimental data was tested against the Intra-Particle Diffu-
sion Model given by the equation; 

3 0.5qt K t I= +                            (3.8) 

where K3 is the intra-particle diffusion rate constant and I is the y-intercept. A 
plot of qt vs t0.5 was drawn to analyse the possibility of the intra-particle diffu-
sion as the rate determining step. Figure 23 represents the intra-particle diffu-
sion model sorption kinetics of phosphate anions on to the iron oxide loaded 
chitosan-cellulose acetate particles, at various temperatures 50˚C, 35˚C, 25˚C 
and 15˚C with an adsorbent dosage of 6 g/l, initial phosphate concentration of 
2.0 mg/l and pH 7.0 ± 0.2. 

Table 2 shows the parameters estimated from the intra-particle kinetic model. 
The Intra-particle diffusion kinetic model is based on the Weber-Morris the-

ory that proposed that if the relationship is linear and it passes through the ori-
gin, then the adsorption process was controlled by the intra-particle diffusion 
only. However, results in Table 2 show the relationship was linear but the lines 
did not pass through the origin. Therefore intra-particle diffusion was involved 
but it wasn’t the only limiting factor. It has also been noted in other studies [15] 
[27], that the adsorption of phosphate occurs first by the physical diffusion of 
phosphate in solution in the liquid film surrounding the particles, and within the 
pores of IO-CS/CA particles, followed by a chemical reaction between the 
 

 
Figure 23. Intra-particle diffusion plot for the adsorption of phos-
phate ions onto HFO-CS/CA particles at different temperature. 
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Table 2. Estimated parameters of Intra-particle diffusion kinetic models for the adsorp-
tion of phosphates by Iron oxide loaded Chitosan-cellulose acetate particles. 

Temp. ˚C Expe. qe 

Intra-particle diffusion model 

R2 K3 (gmg−1∙min−1) I (Intercept) 

15 0.204 0.948 0.012 0.039 

25 0.215 0.968 0.012 0.042 

35 0.230 0.968 0.014 0.040 

50 0.231 0.980 0.016 0.030 

 
phosphate species and the IO-CS/CA. From the intra-particle diffusion kinetic 
model, the linear regression values increased with an increase in temperature. 
Non-zero intercept indicates boundary layer diffusion-rate limiting step [26] 
[27] [28]. 

3.8. Adsorption Isotherms 

The adsorption isotherms were used to describe the interaction of adsorbate 
with adsorbent. They relate the amount of adsorbate on an adsorbent as a func-
tion of pressure or concentration for gases and liquids respectively, at a constant 
temperature. The experimental adsorption data for adsorption of phosphate 
anions by iron oxide loaded chitosan-cellulose acetate particles was analysed by 
Freundlich and Langmuir isotherm models. 

Freundlich Isotherm: The experimental data were analysed by Freundlich 
Isotherm model using the equation form, 

1fqe K Ce n=                          (3.9) 

where qe is the adsorption capacity at equilibrium (mg/g), Ce is the liquid phase 
adsorbate concentration at equilibrium (mg/L) Kf is the Freundlich constant 
(mg/g) and n is the heterogeneity factor which is related to adsorption intensity 
or surface heterogeneity. A plot of qe vs. Ce was used to model the Freundlich 
isotherm. The Kf was calculated from the slope. This is shown in Figure 24. 

Langmuir Isotherm: The experimental data was also analysed by Langmuir 
Isotherm model using the equation form, 

1  e mq Q KCe KCe= +                   (3.10) 

where, Qm is the maximum mass adsorbed at saturation conditions per unit 
mass of adsorbent (mg/g) and K is the empirical constant between the sorbate 
and sorbent, also known as the Langmuir affinity coefficient (L/mg). A plot of qe 
vs. Ce was used to model the Langmuir isotherm. Qm and K were calculated 
from the graphs. This is shown in Figure 25. 

The estimated values of the constants of the Freundlich and Langmuir Iso-
therm models for the adsorption of phosphate anions on to the iron oxide 
loaded chitosan-cellulose acetate particles are shown below. 

The Kf is the Freundlich adsorption constant, as earlier noted, and it is the 
maximum adsorption capacity (mg/g) of ions while n is a dimensionless constant  
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Figure 24. Non-linear fit of Freundlich Isotherm model for the adsorption 
of phosphate ions onto HFOCS/CA particles at 25˚C, pH 7.0 ± 0.2, ad-
sorbent dosage of 6 g/l and varying initial concentration of phosphate. 

 

 
Figure 25. Non-linear fit of Langmuir Isotherm model for the adsorption 
of phosphate ions onto HFOCS/CA particles at 25˚C, pH 7.0 ± 0.2, ad-
sorbent dosage of 6 g/l and varying initial concentration of phosphate. 

 
that illustrates the adsorption intensity. Based on the correlation coefficients (R2 
values) in Table 3, R2 = 0.99 shows goodness of fit for the Langmuir model. The 
Langmuir model is based on the assumption that maximum adsorption corre-
sponds to monolayer saturation of the adsorbent surface, with no lateral interac-
tion between the adsorbed molecules. The Langmuir model showed a maximum 
qe of 0.958 mg/g. On the other hand, the correlation coefficient of the 
Freundlich model was lower than that of Langmuir, though still considerable 
because R2 > 0.9. A good fit to the Freundlich model shows a multilayer adsorp-
tion with non-uniform distribution of adsorption of heat and affinities over the  
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Table 3. Estimated values of the constants of the Freundlich and Langmuir Isotherm 
models. 

Freundlich Isotherm Langmuir Isotherm 

R2 Kf (mg/g) 1/n R2 qmax (mg/g) K (L/mg) 

0.94 0.233 0.379 0.99 0.958 0.263 

 
heterogeneous surface [29]. The Kf from the curve gave 0.233 mg/g as the 
maximum adsorption capacity of the HFO-CS/CA, and an adsorption intensity 
of n = 2.64. For this study, Langmuir Isotherm was more suited. The adsorption 
affinity decreased exponentially as amount of adsorption increased, and that 
adsorption is not monolayer singularly monolayer. The close conformity to 
Freundlich model suggests presence of multiple sites for sorption. 

3.9. Regeneration Studies 

Test results showed that 10% NaCl solution had a better eluting effect than M 
NaOH. The second adsorption cycle, bead material that had been regenerate us-
ing 10% NaCl had a removal efficiency of about 88.57% compared to that of 1 M 
NaOH at 77.56%. On the third cycle the efficiency of beads regenerate with 1 M 
NaOH greatly reduced to about 44% as compared to that of 10% NaCl which 
was still above 80%. Figure 26 shows the comparison of the four tests methods 
done on the regeneration studies. This shows that the NaCl (aq) moderate ionic 
strength was an efficient method for removal of the adsorbed phosphate, and the 
Cl− ions could be responsible for ion exchange. 1 M NaOH solution also had a 
considerable desorption potential, and the removal efficiency was enhanced by 
rinsing with HCl acid (of about pH = 4.0) before next adsorption cycle. HCl 
lowered the pH of the bead system because as earlier discussed high pH values 
cause deprotonated and negatively charged HFO-CS/CA bead system. For each 
cycle, the removal efficiency was above 60% in all the five rounds when using 
10% NaCl. Another observation was that there is no need to rinse the beads with 
HCl after using NaCl for desorption. These results confirm to other studies done 
[7], which show NaCl has good desorption properties. This is a versatile method 
for the regeneration of HFO-CS/CA bead system. 

4. Conclusion 

Phosphates contamination of various water resources is of great concern because 
of the eutrophication effect in aquatic environments. Hydrated Iron oxides 
loaded chitosan-cellulose acetate (HFO-CS/CA) adsorbent was tested for its im-
proved adsorption capacity, compared to chitosan-cellulose acetate (CS/CA) 
adsorbent. From the experimental results and analysis, it is concluded that ad-
sorption process offers the potential of phosphates removal from water during 
the tertiary water treatment. Adsorption facilities are the solution to provide low 
capital costs systems that require minimal space and energy for water treatment. 
The effects of the various conditions for phosphate adsorption are investigated  
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Figure 26. The removal efficiency for different adsorption cycles after 
desorption using various solutions. 

 
systematically. The optimum conditions were thus obtained. It was concluded 
that maximum phosphate adsorption occurs at lower pH of about 5.5 - 6.5, and 
the equilibrium contact time was established to be 24 hrs for this material. The 
experimental data were well fitted to the pseudo second order model as well as 
the Langmuir isotherm model with a maximum adsorption of 958 μg/g. The 
Freundlich isotherm model also had a close fit with a maximum adsorption of 
233 μg/g, which was very close to the experimental maximum adsorption. This 
suggested presence of multilayer adsorption attributed to the iron loading. 
Temperature studies show no significant difference; the slight increase however 
reveals that the nature of adsorption is endothermic. SEM images show the 
macroporous structure of the chitosan-based adsorbents. The FT-IR, XRD, XPS 
and zeta potential studies show that the adsorption mechanism is both by ion 
exchange mechanism and electrostatic attraction between the phosphate ions 
and HFO-CS/CA beads. The amine groups and the ferric are the main binding 
sites for phosphate adsorption, forming surface complexes during the adsorp-
tion. Regeneration studies show that the adsorbent could be re-used a number of 
times before an environmentally friendly disposal method is employed. In the 
study, it was re-used for up to five times and the removal efficiency was above 
60% in all the rounds. 
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