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ABSTRACT

Water hyacinth (Eichhornia crassipes) is an aquatic weed that is causing numerous adverse effects 
on freshwater bodies. Developing countries are still battling on how to control the growth of this 
weed without damaging other aquatic lives important to man. Literatures have revealed that most 
developing countries are still discharging untreated sewage containing heavy metals into waterbod-
ies due to economic and technical constraints in handling conventional methods of treating heavy 
metals. Hence, the research investigated the possibility of using water hyacinth to adsorb heavy 
metals (Ni2+ and Cr3+) from sewage before discharging into waterbodies in order to solve two major 
problems faced in the aquatic environment, at minimal cost. This was achieved by using the said 
weed (water hyacinth) to treat Ni2+ and Cr3+ solutions prepared in the lab. Results showed that the 
adsorption process for both ions occurred on heterogeneous surfaces while the mechanism of ad-
sorption followed Pseudo 2nd–order kinetics. The Freundlich, Langmuir and Temkin adsorption ca-
pacities for Ni2+ are 19.6925l/g, 0.7470l/mg and 1.1093l/mg respectively while for Cr3+ are 16.814l/g, 
0.7011l/mg and 0.9623l/mg respectively. However, the heat of sorption for Ni2+ is 96.906KJ/mol 
while that of Cr3+ is 98.749KJ/mol. Furthermore, FT-IR analysis identified seven functional groups 
involved in the binding sites with more of hydroxyl group (O–H) from alcohol and carboxylic acid. 
It was concluded that water hyacinth could be used as a potential bio-adsorbent of metal ions.

Cite this article as: Ogbozige FJ, Nwobu HU. Biosorption of Ni2+ and Cr3+ in synthetic 
sewage: Adsorption capacities of water hyacinth (Eichhornia crassipes). Environ Res Tec 
2021;4:4:342–351.

INTRODUCTION

Several researchers including Obasi and Akudinobi [1–3] 
have reported alarming concentrations of heavy metals in 
institutional and industrial effluents especially in devel-
oping countries even after been treated. This is because 
the sewage are mostly treated in either waste stabilization 
pond (WSP), tricking filter (TF) or activated sludge pro-

cess (ASP) without further treatment. Hence, the wastewa-
ters are merely treated in terms of reducing the biochem-
ical oxygen demand (BOD) or chemical oxygen demand 
(COD) and bacteriological load to permissible limits since 
the technology associated with WSP, TF and ASP cannot 
treat or reduce heavy metals. Thus, the discharge of such 
effluents into water bodies is still dangerous even if the con-
centrations of BOD, COD and bacteriological load are safe. 

https://orcid.org/0000-0003-0012-2334
https://orcid.org/0000-0003-4521-8866


Environ Res Tec, Vol. 4, Issue. 4, pp. 342–351, December 2021 343

Consumption of food items containing heavy metals has 
long been identified to have numerous effects on human 
health [4–6]. Heavy metals bio-accumulate in both plants 
and animals [7] hence if discharged into streams and rivers, 
it could be incorporated into planktons and fishes which 
will consequently affect humans through the food chain.
The standard methods for reducing the concentrations of 
heavy metals in sewage to permissible levels, which includes 
membrane filtration, chemical precipitation and ion ex-
change have been identified to have technical and economic 
setbacks when applied in developing countries. Past litera-
tures [8–10] have shown that bioadsorbents could be effec-
tively used in removing heavy metals in wastewaters. How-
ever, the availability of most of these bioadsorbents such as 
coconut shell, orange peels, groundnut shell, cassava peels as 
well as banana and plantain peels are low compared to the 
volume of industrial and institutional sewage generated daily. 
Water Hyacinth (Eichhornia crassipes) is an aquatic weed that 
is readily available in polluted freshwater bodies. It grows very 
fast hence, it hampers the movement of boats and canoes in 
rivers during navigation as could be seen in Figure 1. It also 
deteriorates the turbidity and dissolved oxygen content of the 
affected river, causing negative impacts on the production of 
phytoplankton and fishes and even affecting the use of the 
river for recreational and fishing activities. It makes ripari-
an communities to be prone to flooding during rainy season 
since the rate of outflow to draining water bodies is low due 
to the resistance to free flow caused by it. In other words, the 
infestation of water hyacinth (Eichhornia crassipes) in a water 
body has both ecological and socio-economical effects on the 
affected communities.
Nickel (Ni) and chromium (Cr) are among the common 
heavy metals usually found in industrial and institutional 
sewage [11]. Yet, researchers on heavy metals adsorption 
rarely worked on these two metals. In addition, despite the 
abundance availability of this aquatic weed (Eichhornia 
crassipes), literatures on the subject matter is still scarce. 
Hence, it is important to investigate its usefulness in ad-
sorbing nickel and chromium ions (Ni2+, Cr3+) which have 
been reported to be among the common heavy metals in in-
dustrial and institutional sewage. This will serve as a means 
of removing both the aquatic weed from the affected rivers 
as well as the heavy metals from industrial sewage, together 
with their associated adverse effects.

MATERIALS AND METHODS

Preparation of Adsorbent and Synthetic Sewage
Fresh water hyacinths (Eichhornia crassipes) were obtained 
at the Oxbow Lake in Yenagoa, Nigeria (4°54'26.83"N, 
6°16'43.29"E) and were carefully washed with tap water 
to remove the sand and silt particles attached in the roots. 
Thereafter, distilled water was used in rinsing the washed 
water hyacinth, sun dried for 48 hours and further dried 

in an oven (model E028–230V-T) at 105°C for 12 hours. 
The dried water hyacinths were milled using a laborato-
ry-grinding machine (EcoMet 30) and the particles were 
sieved through a 250µm mesh. Since, the weed (water hya-
cinth) is abundantly available, it was not modified with any 
reagent hence, the 250µm sieved particles were kept in an 
airtight polyethylene container as the biodadsobent to be 
used for the adsorption process.

Industrial sewage containing Ni2+ and Cr3+ (i.e. adsorbate) 
were synthesized in the laboratory by preparing a stock 
solution of 1000 ppm (i.e. 1000 mg/l) for each using the ana-
lytical grades of their hydrated nitrates salts Ni(NO3)2.6H2O 
and Cr(NO3)3.9H2O respectively. However, the quantity of 
the various salts used in preparing the stock solutions of 
1000ppm were determined through Equation (1);

 
(1)

In Equation (1), M is the mass of salt weighed in gram (g), 
Mm is the molecular mass of the salt, Am is the atomic mass 
of the metal considered, V is the volume of distilled water 
used in dissolving the salt in milliliter (ml) and Pp is the 
percentage of purity of the salt.

The level of purity for both Ni(NO3)2.6H2O and 
Cr(NO3)3.9H2O is 99.99% and were supplied by Alfa Aesar 
company, Ward Hill, Massachusetts, USA while the vol-
ume prepared for each stock solution is 1000 ml. Also, the 
molecular masses of Ni(NO3)2.6H2O and Cr(NO3)3.9H2O 
are known to be 290.80 and 400.15 respectively while the 
atomic masses of Ni and Cr are 58.6934 and 51.9961 re-
spectively. Hence, these information were substituted into 
Equation (1) to obtain 4.955g of Ni(NO3)2.6H2O and 7.697g 
of Cr(NO3)3.9H2O as the required quantity of the salts 
needed to produce 1000 ppm stock solutions of Ni2+ and 
Cr3+ respectively, using 1000 ml distilled water as solvent. 
However, the initial concentrations of Ni2+ and Cr3+ needed 
as working solutions were attained by means of serial dilu-
tion of the prepared stock solutions.

Figure 1. Impact of water hyacinth in river transportation.
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Metal Adsorption Studies
Batch adsorption was conducted to understand the impacts 
of certain parameters on the removal of the metal ions (Ni2+ 
and Cr3+) using water hyacinth as adsorbent. The parame-
ters considered in this research are contact time, adsorbent 
dosage, initial adsorbate concentration and solution pH. 
While studying the impact of each of the aforementioned 
parameters, the parameter concerned was varied while oth-
ers were kept constant.

Effect of Contact Time
The effect of contact time on the adsorption process was 
studied by considering different contact times ranging from 
10 to 100 minutes at room temperature (20–25°C). In each 
of the adsorbates considered (Ni2+ and Cr3+), 25 ml having 
initial concentration of 2.5 mg/l and pH 7 was measured 
into a 50 ml beaker and a weighing machine (model: FA 
1604) was used to measure 0.5 g of the water hyacinth ad-
sorbent into the beaker. The mixture in the beakers were 
properly mixed by stirring at 150 rpm for different contact 
times (10, 20, 30,…….., 100 minutes) using a magnetic stir-
rer (model: SH-2). The stirred mixture was filtered through 
a Whatman filter paper (Grade 1) and the concentration of 
the metal ion (Ni2+ or Cr3+) in the filtrate was determined 
using atomic absorption spectrometer, AAS (model: 280FS 
AA). However, each of the contact time considered was 
studied trice and the mean value of the concentrations of 
metal ion obtained from the AAS was recorded.

Effect of Adsorbent Dosage
Different masses of the water hyacinth adsorbent ranging 
from 0.2 to 1.0 g were weighed and added separately into 50 
ml beakers already containing 25 ml of 2.5 mg/l of each of 
the adsorbates (Ni2+ and Cr3+) at pH 7. The mixture in the 
beakers were stirred at 150 rpm for a constant contact time of 
50 minutes under room temperature (20–25°C), and filtered 
through grade 1 of Whatman filter paper. The process was re-
peated trice in each of the dose considered (0.2, 0.4, 0.6, 0.8, 
1.0 g) and their mean concentrations of Ni2+ or Cr3+ in their 
respective filtrates obtained from the AAS were recorded.

Effect of Initial Adsorbate Concentration
Working solutions of Ni2+ and Cr3+ containing initial con-
centrations ranging from 1.0 to 5.0 mg/l at pH 7 were 
prepared from their respective stock solutions. This was 
followed by measuring 25ml of each initial concentration 
prepared (1.0, 2.0, 3.0, 4.0, 5.0 mg/l) for Ni2+ and Cr3+ sep-
arately into 50ml beaker, and 0.5g of the adsorbent were 
measured into the beakers. The mixture in the beakers 
were thoroughly mixed at 150 rpm for 50 minutes con-
tact time under room temperature (20–25°C), filtered on 
Whatman filter paper (grade 1) and the filtrates were ana-
lysed on AAS for the concentrations of Ni2+ and Cr3+. The 
procedure was replicated trice for each initial adsorbate 

concentration and the average value of the metal ion got-
ten from the AAS was recorded.

Effect of Solution pH
The impact of this parameter (solution pH) on the remov-
al of the metal ions was known by measuring 25 ml of 2.5 
mg/l of the adsorbates (Ni2+ and Cr3+) of different pH val-
ues ranging from 5 to 9 into 50 ml beakers separately. The 
varied solution pH 5, 6, 7,8, 9 were achieved by adding 
some drops of either 0.1M of HCl or 0.1M of NaOH into 
the working solutions until the desired pH value is indicat-
ed in a pH meter (model: pH-20W). Similarly, 0.5g of the 
water hyacinth adsorbent was added into each of the bea-
kers containing the varied pH solutions and were properly 
stirred at 150 rpm for 50 minutes under room temperature 
(20–25°C). Thereafter, the stirred contents in the beakers 
were filtered through a Whatman filter paper of grade 1 and 
the filtrates were analysed in an AAS for the concentrations 
of Ni2+ or Cr3+ as the case may be. Just like the case in the 
other parameters earlier explained, the process was repeat-
ed trice for each of the pH solution and the mean value of 
the concentrations of Ni2+ or Cr3+ was recorded.

Trend Analysis of Varied Adsorption Parameters
In order to understand the impacts of the varied parame-
ters on the adsorption process, the percentage of metal ions 
adsorbed for each of the varied parameters studied were de-
termined by employing Equation (2);

 
(2)

Where C0 is the initial concentration in mg/l while Cf is the 
final concentration of metal ion obtained from the AAS. In 
each of the parameters studied (i.e. contact time, adsorbent 
dosage, initial adsorbate concentration and solution pH), 
the percentages of metal ion adsorbed for both Ni2+ and 
Cr3+ were plotted against their corresponding variations on 
2-line graphs (one line for each metal ion). Different colour 
legends were assigned to the metal ions in the 2-line graphs, 
which help in revealing the metal ion that was adsorbed 
more in each variations of a given parameter.

Adsorption Isotherm Studies
The adsorption isotherm models considered in this research 
are Freundlich, Langmuir, Temkin, Harkin-Jura, and Halsey. 
Prior to their applications, the equilibrium concentrations 
(Ce) of the metal ions were determined by recording the con-
centration that remained constant even when contact times 
were increased. Hence, the equilibrium adsorption for each 
metal ion was calculated using Equation (3);

 
(3)

Where qe is the amount of metal ion (adsorbate) adsorbed 
at equilibrium in mg/g, V is the volume of solution (adsor-
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bate) in liters, C0 and, Ce are the initial and equilibrium con-
centrations of metal ion in mg/l respectively and M is the 
mass of the adsorbent used in gram (g).

Among the various isotherm models studied, the model 
that best governs the adsorption process for each adsor-
bate was known by plotting the following graphs; log qe 
versus log Ce (for Freundlich model),  versus  (for 
Langmuir model), qe versus ln Ce (for Temkin model),  
versus log Ce (for Harkin-Jura model) and ln qe versus ln 
Ce (for Halsey model). The regression equations associat-
ed with the various graphs plotted were compared with 
their corresponding standard isotherm models thereafter, 
their constants including adsorption capacities were de-
termined from the gradients and intercepts. The isotherm 
model whose graph has the highest value of determina-
tion coefficient (R2) was considered as the isotherm mod-
el governing the adsorption process. The linear form of 
Freundlich, Langmuir, Temkin, Harkin-Jura, and Halsey 
isotherm models are given in Equation 4, 5, 6, 7 and 8 
respectively.

 (4)

In Equation (4), qe is the amount of metal ion (adsorbate) 
adsorbed at equilibrium in mg/g, n is Freundlich con-
stant which indicate adsorption intensity (dimension-
less), Ce is the concentration of metal ion at equilibrium 
in mg/l and Kf is Freundlich constant which shows ad-
sorption capacity in l/g.

 
(5)

In Equation (5), KL is the Langmuir equilibrium constant 
in l/mg, qm is the monolayer adsorption capacity at equilib-
rium in mg/g while qe and Ce have same meaning as previ-
ously explained.

 (6)

The symbols KT and β in Equation (6) are Temkin constants 
indicating isotherm equilibrium binding in l/mg and heat 
of sorption in KJ/mol respectively while qe and Ce remain 
the same.

 
(7)

As usual, qe and Ce in Equation (7) remain the same as ad-
sorption at equilibrium (mg/g) and equilibrium concentra-
tion (mg/l) respectively however, A and B are Harkin-Jura 
dimensionless constants.

In  (8)

KH and n in Equation (8) represent Halsey isotherm con-
stants (dimensionless) while qe and Ce remain the same as 
earlier explained.

Adsorption Kinetics Studies
The pathway and mechanism of the adsorption process for 
each metal ion was investigated using Pseudo first order 
and second order kinetic models. The amount of metal ions 
(Ni2+ or Cr3+) adsorbed on the adsorbent at a given contact 
time t was calculated and denote as (qt) using Equation (9).

 
(9)

Where qt is the amount metal ion adsorbed on the adsor-
bent in mg/g at contact time t, V is the volume of solution 
(adsorbate) in liters, C0 is the initial concentration of metal 
ion in mg/l, Ct is the concentration of metal ion at contact 
time t in mg/l while M is the mass of the adsorbent used in 
gram (g).

For Pseudo first order kinetic model, a graph of log (qe-
qt) versus contact time t was plotted while  versus t was 
plotted for Pseudo second order kinetic model. The rate 
constants for the two kinetic models were determined by 
comparing the linear equation of the best fitted lines asso-
ciated with the plotted graphs and their corresponding ki-
netic model equations in linear forms. The linear forms of 
Pseuodo first and second order kinetic models are given in 
Equations (10) and (11) respectively.

 (10)

 (11)

Where k1 is the Pseudo first order rate constant (min-1) and 
k2 is the Pseudo second order rate constant (g.mg-1.min-1) 
while other symbols retained their meaning as previously 
explained.

Fourier Transform Infrared Spectroscopy Analysis
The functional groups responsible for the metal ions ad-
sorption were known by analyzing the water hyacinth ad-
sorbent before and after adsorption using a Fourier Trans-
form Infrared (FT-IR) Spectrometer (model: IRAfinity-1S). 
Potassium bromide (KBr) weighing 250 mg was measured 
into a mortar and it was properly pulverized with the help 
of a pestle until it becomes sticky to the mortar. Afterward, 
2.5 mg of dried sieved water hyacinth adsorbent (before ad-
sorption) was added into the mortar. The mixture in the 
mortar was grinded for 3 minutes and placed in a 7 mm 
die set, compressed at 2 ton in a mini-pellet press made by 
Specac Ltd (model: P/N GS03940) for 2 minutes to form 
pellet. The pellets for the water hyacinth adsorbents after 
the adsorption process were prepared in the same manner 
using 2.5 mg of dried sieved residue of filtration after ad-
sorption. In both cases, scanning of pellets were carried out 
at a wavenumber range of 4000 to 400 cm-1 in the FT-IR 
spectrometer and the wavenumber peaks were compared 
with Table 1 to understand the functional groups present.
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RESULTS AND DISCUSSION

Trend Analysis on Effects of Contact Time
The impact of adsorption of both Ni2+ and Cr3+ on the ad-
sorbent (water hyacinth) was observed to increase with 
contact time as could be seen in Figure 2. This is in ac-
cordance with a past related research [12]. However, Ni2+ 
were adsorbed faster and higher than Cr3+ since 92.8% 
of Ni2+ were adsorbed at equilibrium time of 40 minutes 
compared to 85.7% of Cr3+ which were adsorbed at equi-
librium time of 50 minutes.

The rapid adsorption of both metal ions at the ini-
tial stage could be attributed to the availability of large 
surface area in the adsorbent. Nevertheless, as the ad-
sorption progressed with time, there was exhaustion of 
adsorption sites in the adsorbents. Hence, migration of 

adsorbates from the exterior to the interior sites of the 
adsorbents took control of the process, which conse-
quently slowed the adsorption rate.

Figure 2. Impact of contact time on adsorption of Ni2+ and 
Cr3+ by water hyacinth.

Table 1. Wavenumber of some common functional groups

Functional group Wavenumber (cm-1) Assignment (vibration and intensity)
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Trend Analysis on Effects of Adsorbent Dosage
Just like the case of contact time, the adsorption of the met-
al ions (Ni2+ and Cr3+) on the water hyacinth absorbents in-
creased with the dose of the absorbent applied as could be 
seen in Figure 3. This observation was also noted in similar 
researches [12, 13].

Increasing the adsorbent dosage from 0.2g to 1.0g im-
proved the adsorption of Ni2+ from 20.6% to 96.3% while 
that of Cr3+ improved from 17.9% to 88.5%. This could be 
as a result of the fact that more surface areas were avail-
able for the adsorption due to accumulation of carbon at 
higher doses.

Trend Analysis on Effects Initial Adsorbate Concentration 
Initial concentration of both adsorbates (Ni2+ and Cr3+) 
showed an inverse relationship with the percentage of their 
adsorbtion on the water hyacinth adsorbent, as could be seen 
in Figure 4. In other words, the adsorption of Ni2+ and Cr3+ 
on the adsorbent decreases as their initial concentrations in-
creases, which is line with a previous related research [14].

Increasing the concentrations of the adsorbates from 1 mg/l 
to 5 mg/l reduced the adsorption efficiency of Ni2+ and Cr3 
from 92.6% to 54.0% and 86.3% to 48.4% respectively. This 
is because the adsorption process occurred by means of the 
existing sites in the adsorbent binding the metal ions in the 
adsorbate. Hence, at low concentrations of adsorbates, the 
readily available sites conveniently binds the metal ions. 
Since the adsorbent dosages (available sites) were kept con-
stant, the increase in the concentration of adsorbates led 
to the reduction or saturation of the available binding sites 
thus, leaving many metal ions not adsorbed thereby reduc-
ing the adsorption percentage at higher concentrations.

Trend Analysis on Effect of Solution pH 
The effect of solution (adsorbate) pH was observed to be di-
rectly proportional to the adsorption efficiency for both met-
al ions (Ni2+ and Cr3+) as the adsorbtion percentage increased 
with pH (Fig. 5) thus, affirming an earlier report [15]. This is 
because at low or acidic pH levels, heavy metals tend to form 
free cationic species due to the high concentration of hydro-
gen ions (H+) associated with low pH. These free cations (H+) 
might have been adsorbed on the available binding sites in 
the adsorbent. In other words at low pH, there is tendency for 
the adsorbent to be positively charge which definitely repels 
the metal ions (Ni2+ and Cr3+) in the adsorbate and conse-
quently reduced the percentage of adsorption. However as 
the pH level increased, the reverse process occurred thereby 
improving the percentage of adsorption. 

Despite the explanation given for the improvement of ad-
sorbtion with increase in pH, the fact remains that the 
percentage adsorptions for both metal ions at pH 8 and 9 
were remarkably high compared to pH 5, 6 and 7 as could 
be seen in the curves shown in Figure 5. That is, at pH 5, 

6, 7, 8, 9, the percentage adsorbtions of Ni2+ and Cr3+ were 
18.3, 23.9, 31.0, 60.9, 95.2 and 13.8, 19.5, 27.4, 62.0, 91.3 
respectively. These sequences of percentage adsorbtion for 
both metal ions clearly revealed that the adsorbtions at pH 8 
and 9 were very high compared to the lower pH values. This 
could be attributed to the fact that at pH 8 and 9, the solu-
tions were alkaline thus containing more of hydroxide ions 
(OH-) which infused into the binding sites, impart a nega-
tive charge on the adsorbent and consequently increased the 
attractive force between the adsorbent and the metal ions.

Determination of Adsorption Isotherm Parameters

Freundlich Isotherm Model
The parameters for Freundlich isotherm model for the ad-
sorption of Ni2+ were obtained through the information 
given in Figure 6.

Figure 3. Impact of adsorbent dosage on adsorption of Ni2+ 
and Cr3+ by water hyacinth.

Figure 4. Impact of adsorbate concentration on adsorption 
of Ni2+ and Cr3+ by water hyacinth.

Figure 5. Impact of solution pH on adsorption of Ni2+ and 
Cr3+ by water hyacinth.
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Comparing the Freundlich isotherm model shown in 
Equation (4) and the equation displayed in Figure 6, im-
plies that the gradient =1.459 hence, n=0.6854. Also, 
the intercept (log Kf)=1.2943 hence, Kf=101.2943=19.6925. 
In other words, the Freundlich adsorption intensity (n) 
and capacity (Kf) of the adsorbent (water hyacinth) for the 
adsorption of Ni2+ are 0.6854 and 19.6925 l/g respectively.

Langmuir Isotherm Model
The Langmuir isotherm model for the adsorption of Ni2+ is 
shown in Figure 7 and by comparing it with Equation (5), 
the parameters were obtained as follows;

The intercept =0.0372, hence qm= =26.882. On 
the other hand, the gradient =0.0498 thus, KL=

=0.7470. This simply implies that the 
Langmuir monolayer adsorption capacity at equilibrium 
(qm) of the adsorbent (water hyacinth) for the adsorption 
of Ni2+ is 26.882 mg/g while the Langmuir equilibrium 
constant (KL) is 0.7470l/mg.

Temkin Isotherm Model
The Temkin adsorption constants were determined by 
comparing Equation (6) and the isotherm model shown 
in Figure 8. That is, the gradient (β)=96.906 while the in-
tercept (β ln KT)=10.059 hence, KT=e(10.059⁄β)=e(10.059⁄96.906)

=e0.1038=1.1094. Therefore, the heat of sorption (β) and iso-
therm equilibrium binding (KT) of the adsorbent (water 
hyacinth) for the adsorption of Ni2+ are 96.906 KJ/mol and 
1.1094 l/mg respectively.

Harkin-Jura Isotherm Model
The Harkin-Jura dimensionless constants were obtained by 
equating the gradient and intercept of Equation (7) to their cor-
responding values of the model shown in Figure 9 as follows;

Gradient =–0.0046, hence A= =217.39.

Similarly, the intercept =0.0024 hence B=0.0024A=0.0024 
(217.39)=0.5217. Consequently, the Harkin-Jura constants 
A and B of the adsorbent (water hyacinth) for the adsorp-
tion of Ni2+ are 217.39 and 0.5217 respectively.

Halsey Isotherm Model
Equating the standard linearized form of Halsey isotherm 
model given in Equation (8) to the linear equation shown 
in Figure 10, resulted in achieving the Halsey isotherm con-
stants for the adsorbent on the adsorption of Ni2+. This is 
illustrated as follows;

Figure 6. Freundlich isotherm model for adsorption of Ni2+ 
on water hyacinth.

Figure 7. Langmuir isotherm model for adsorption of Ni2+ 
on water hyacinth.

Figure 8. Temkin isotherm model for adsorption of Ni2+ on 
water hyacinth.

Figure 9. Harkin-Jura isotherm model for adsorption of 
Ni2+ on water hyacinth.

Figure 10. Halsey isotherm models for adsorption of Ni2+ 
on water hyacinth.
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Gradient or slope =1.4247, hence n= =–0.7019. 
On the other hand, the intercept =3.2136. It im-
plies KH=e3.2136n=e3.2136(–0.7019)=e–2.2556=0.1048. Therefore, the 
Halsey dimensionless constants n and KH for the adsorbent 
(water hyacinth) on the adsorption of Ni2+ are –0.7019 and 
0.1048 respectively.

The isotherm parameters for the adsorption of Cr3+ with re-
spect to Freaundlich, Langmuir, Temkin, Harkin-Jura and 
Halsey models were determined in a similar way as illus-
trated above, and their obtained values are given in Table 2 
alongside with those of Ni2+.

The information in Table 2 revealed that R2 values great-
er than 0.9 in both Ni2+ and Cr3+ adsorptions were re-
corded in Freundlich, Harkin-Jura and Halsey models, 
which are all multilayer isotherm models. Hence, the 
adsorption of Ni2+ and Cr3+ on the adsorbent (water hya-
cinth) occurred on heterogeneous surfaces not homoge-
neous monolayer. Table 2 also informed that the adsor-
bent (water hyacinth) has higher adsorption capacities 
on Ni2+ than Cr3+ while the heat of sorption is higher on 
Cr3+ than Ni2+.

Determination of Adsorption Kinetics Constants
The plots for Pseudo 1st and 2nd order kinetics for the ad-
sorption of both ions are shown in Figure 11 and 12 respec-
tively. The constants for Pseudo 1st–order kinetic for both 
ions were obtained by comparing Equation (10) and the 
equations displayed in Figure 11. Similarly, Equation (11) 
was compared with the equations shown in Figure 12 to 
obtain the constants for Pseudo 2nd–order kinetic for both 
ions. The determined values are presented in Table 3.

The information shown in Table 3 revealed that the R2 val-
ues for both Ni2+ and Cr3+ in Pseudo 2nd order kinetics were 
higher than 0.95 unlike those of Pseudo 1st–order kinetic 
that were less than 0.75 for both ions. This implies that the 

Figure 11. Pseudo 1st–order kinetics for Ni2+ and Cr3+ ad-
sorption on water hyacinth.

Figure 12. Pseudo 2nd–order kinetics for Ni2+ and Cr3+ ad-
sorption on water hyacinth.

Table 2. Isotherm parameters for adsorption of Ni2+ and Cr3+ on 
water hyacinth

Model and parameters Ni2+ Cr3+

Table 3. Constants for Pseudo 1st and 2nd order kinetics

Adsorption kinetic and constants Ni2+ Cr3+
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pathway or mechanism of the adsorption process for both 
ions (Ni2+ and Cr3+) followed Pseudo 2nd–order kinetics. 
This assertion is in line with related researches [9, 16]. Table 
3 also inform that the equilibrium adsorptions (qe) for both 
Pseudo 1st and 2nd order kinetics were higher in the adsorp-
tion of Ni2+ than Cr3+ however, Ni2+ has higher rate constant 
in Pseudo 1st order kinetics and lower rate constant in Pseu-
do 2nd order kinetics compared to Cr3+.

Trend Analysis of FT-IR
The FT-IR spectroscopy of the adsorbent before and after 
adsorption of the ions (Ni2+ and Cr3+) revealed that the func-
tional groups present in both cases varies within the scan-
ning range of 4000 cm-1 to 400 cm-1 as could be seen in Fig-
ure 13. Prior to adsorption, a broad absorption band within 
3300 to 3200 cm-1 was observed in the adsorbent (water hy-
acinth) with a strong intensity (Fig. 13a). This is an attribute 
of stretches of O-H emanating from alcohol and carboxylic 
acid. However, the absorption band (3300 to 3200 cm-1) re-
duced in intensity after the adsorption of Ni2+ (Fig. 13b) but 
disappeared after the adsorption of Cr3+ (Fig. 13c).

Other absorption peaks observed in the adsorbent (water 
hyacinth) prior to the adsorption process were at wavenum-
bers 1732.08 cm-1, 1396.46 cm-1 and 1033.99 cm-1. Wave 
number 1732.08 cm-1 indicates stretches of C=O from car-

boxylic acid and aldehyde, 1396.46 cm-1 is a feature of bend-
ing vibrations of C–H from alkane as well as O–H from 
alcohol and carboxylic acid while 1033.99 cm-1 is a charac-
teristics of stretches of C–O from alcohol and ether as well as 
stretches of C–N from amine. However, after the adsorption 
of Ni2+ (Fig. 13b), wavenumbers 1732.08 cm-1 and 1396.46 
cm-1 shifted to 1720 cm-1 and 1395.19 cm-1 respectively with 
reduced intensities, but disappeared after the adsorption 
of Cr3+ (Fig. 13c). Wave numbers 1732.08 cm-1 indicate 
stretches of C=O from carboxylic acid and aldehyde while 
1720 cm-1 suggests stretches of C=O from ester and alde-
hyde. Also, wavenumbers 1396.46 cm-1 and 1395.19 cm-1 are 
features of bending vibrations of C–H from alkane as well as 
O–H from alcohol and carboxylic acid while 1033.99 cm-1 is 
a characteristics of stretches of C–O from alcohol and ether 
as well as stretches of C–N from amine.

The disappearance of the absorption peaks 3300 to 3200 
cm-1, 173.08 cm-1 and 1396.46 cm-1 after the adsorption of 
Cr3+ might be due to the binding of Cr3+ on the hydroxyl 
(O–H) and carbonyl (C=O) groups present in the adsor-
bent. In general, the shift in absorption peaks and reduc-
tion in intensity suggest that the corresponding function-
al groups were responsible for the ion adsorptions in the 
binding sites. The presence of these functional groups 
were also noted in a similar research [17].

CONCLUSIONS AND RECOMMENDATIONS

From the analysed data carried out in this research, it could 
be concluded that water hyacinth could be used effectively 
in adsorbing Ni2+ and Cr3+ in wastewater as their adsorption 
capacities were quite high however, the adsorption capaci-
ties were higher in Ni2+ than Cr3+ while the heat of sorption 
is higher in Cr3+ than Ni2+. The adsorption of Ni2+ and Cr3+ 
on water hyacinth occurred on heterogeneous surfaces (not 
homogenous monolayers) as their data points fitted well in 
multilayer models such as Freundlich, Harking-Jura and 
Halsey models. In addition, the pathway or mechanism of 
the adsorption process for both Ni2+ and Cr3+ followed Pseu-
do 2nd–order kinetics. Furthermore, the functional groups 
involved in the binding sites were alkane, alcohol, carboxyl-
ic acid, ester, ether, amine and aldehyde however, hydroxyl 
group (O–H) from alcohol and carboxylic acid participated 
more. It is recommended that water hyacinth should be used 
as a potential bio-adsorbent to remove heavy metals espe-
cially Nickel and Chromium from wastewater since its ad-
sorption capacity is quite high and its availability is abundant.
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