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Abstract: Adsorption kinetic study provides understanding into reaction rate and mechanism of sorption during adsorption
process. This research investigated the adsorption kinetics of the removal of Pb**, Cr*’, Zn*" and Fe** in aqueous solution using
unmodified and oxalic acid modified cassava peel waste powder (CPP) using standard methods. Data obtained for the effect of
agitation time revealed that within 30-60 minutes, both the unmodified and oxalic acid modified cassava peel powder (CPP)
were able to remove 94% Pb*", 80% Cr®", 96% Zn*" and 82% Fe*" respectively. The experimental data were evaluated in terms
of intra-particle diffusion coefficient and rate of adsorption, thus comparing transport mechanism and sorption process and
found it to be 7.55 + 0.05 mg/g for Pb*, 6.4 mg/g and 6.39 + 0.05 mg/g for Cr®", 7.32 mg/g and 7.45 + 0.01 mg/g for Zn*",
6.74 mg/g and 6.48 + 0.12 mg/g for unmodified and differentially modified respectively. Results from the experiment shows
that the pseudo-second order model appropriately describes the kinetic process which supports chemisorption (R* > 0.99) value.
There was no significant effect on removal by oxalic acid modification. The result further revealed that cassava peel powder
can remove heavy metal ions from solution and this can be applied in waste water treatment operations.
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1. Introduction

Heavy Metals are a threat to the environment and public
health. Various industrial applications [1] and natural
occurrences [2] have caused widespread distribution of heavy
metals in the environment; and this has raised anxieties over
their bad effects on man and his environment. Heavy metals,
unlike organic pollutants, are nonbiodegradable and are
persistent in the environment making their treatment a
challenge [3]. Because of their toxicity, heavy metals are
currently faced with rigorous measures for maximum
allowable limits of their discharge into the environment [4]
Authorities imposing these measures require that treatment
methods should be environmentally friendly so as to
safeguard public health and the environment [5].
Conventional techniques for removing heavy metals in
wastewater such as membrane separation, chemical

electrolytic extraction have limited applications such as
incomplete removal, high cost, huge energy requirements and
production of secondary waste [6]. These methods are costly
and not too proficient in meeting treatment objectives.
Adsorption came as a better substitute [7]. Agricultural waste
products have been extensively studied in relation to the
adsorption process. These agro-by-products are used in the
natural and modified form. In the natural form, the product is
washed, ground and sieved until reaches the desired particle
size and subsequently used in adsorption tests. While, in the
modified form, the product is pre-treated by-means of well-
known modification techniques [8]. The goal of these
pretreatments is to enhance and reinforce the functional
group potential and, consequently, increase the number of
active sites. Several researchers and co-workers [9-15]
investigated the use of many unmodified and modified
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agricultural wastes as adsorbents for the removal of inorganic
(heavy metals) and organic (dyes) contaminants from
wastewater. Other agricultural solid wastes from cheap and
readily available resources such as orange peel [16-20],
pomelo peel [21], garden grass [22], mandarin peel [23],
garlic peel [24], grapefruit peel [25], mango peel waste [26],
muskmelon peel [27], potato peel [28], rice straw [29, 30],
and almond shell [31] have also been investigated for the
removal of numerous heavy metals and dyes from aqueous
solutions.

However, information on the use of unmodified and
modified cassava wastes [32] are scanty. Cassava (manihot
esculenta crantz) is the third-largest source of starch. It is a
significant essential food in unindustrialized nations [33].
More than 228 million tons of cassava were produced
worldwide in 2007, of which Africa accounted for 52%. In
2007, Nigeria produced 46 million tons making it the world's
largest producer, because of its highly varied applications,
processing of cassava gained remarkable consideration in
recent years [34]. The preparation of cassava for
consumption purposes produces wastes such as peelings
which create a lot of conservational problems. So far, not
much effort is made to manage the enormous waste arising
from processing cassava tuber into its various products,
which are abundant all seasons.

Hence, the objective of this study is to evaluate kinetic
study for the removal of Pb*", Cr*", Zn*" and Fe'* from
aqueous solution using unmodified and oxalic acid modified
cassava (Manihot esculenta crantz) peel powder.

2. Materials and Method

Sample Collection: The cassava tubers used for this project
work were got from traders in Choba market near University
of Port Harcourt in Rivers State and identified in the
department of plant science and Biotechnology University of
Port Harcourt.

Sample Preparation: The obtained cassava was cut into
small pieces, washed to get rid of sand and dirt particles and
were peeled to get the powders. The air-dried cassava peel
powder was further dried in oven (Gallenkamp, model OV-
160 England) at 105°C to a particular weight and pulverized
with a grinder to get a standardized particle size.

Preparation of Cassava Peel Powder: The ground cassava
peel powder (CPP) was soaked in 0.1M HNOs; acid for 48
hours so that all metals contained in the CPP could be
removed, followed by a thorough wash with distilled water.
The washing continued until the filtrate gave a negative
EDTA test for heavy metal ions, by adding 5 drops of 0.01M

EDTA solution and 2ml of NH,Cl1 buffer to Sml of the filtrate.

Blue color of EDTA solution showed no presence of metal
ions. The Cassava peel paste was dried at 45°C in oven, and
meshed. The portion with size <100um was taken for use and
was kept in clean air-tight plastic containers for use.
Preparation of Modified Cassava Peel Powder: 10 + 0.12
grams of the cassava peel powder (CPP) was weighed into
250ml beakers and was modified with 250ml of 0.5 M of

oxalic acid solution respectively with one portion left
unmodified. The mixture was shaken for six hours at 30°C
and was kept stable overnight, discarding the filtrate and the
Cassava Peel paste was air- dried to obtain the modified
cassava peel powder (CPP).

Effect of Contact Time: Exactly one gram (1.0 g) of
unmodified and oxalic acid modified samples were weighed
separately and placed in six 100 mL plastic bottles. 20 mL of
metal ions solution of concentration 200 mg/L of pH 6.02
was added to the plastic bottles and tightly closed. The
plastic bottles were agitated for 5 seconds. The mixtures of
adsorbent and metal solutions were then shaken together at
the allowed contact times of 10, 20, 30, 40, 50, and 60
minutes at 100rpm. At the end of each agitation time, the
solutions centrifuged for 10 min at 1500 rpm and filtered.
The remaining metal ions concentration in 5 ml of the
filtrates was evaluated using a flame Atomic Absorption
Spectrometer (AA-7000 Shimadzzu). The wavelength at
which lead, Cr6+, zinc and Fe*" were analyzed was 283.9 nm,
350 nm, 213.9 nm, and 510 nm respectively. Standard
solution of 1000 mg/L of Pb, Cr, Zn and Fe was used to
create a standard calibration curve. The calibration curve was
determined using serial dilution (0.0, 0.5, 1.0, and 2 mg/L).

Experimental Data Evaluation

The metal uptake capacity (qe) and the adsorption
percentage (R) were calculated using the following equations:

qe = %(CO—CQ) (D

The percentage metal ion adsorbed by CPP i.e. adsorption
efficiency

Co—Ce

%R= x 100 2)

Where

Co = initial heavy metal concentration (mg/1),

Ce = equilibrium or final heavy metal concentration in the
solution (mg/1),

ge = metal adsorbed at equilibrium (mg/g),

M = Adsorbent mass (g),

V = Solution Volume in (L).

Kinetic Treatment of Experimental Data: Adsorption
kinetics were investigated to determine the adsorptive
absorption of metal ions from aqueous at various time
intervals. In this study, the adsorption of heavy metal ions
was modeled using pseudo-first order, pseudo-second order
kinetic and intraparticle diffusion models on waste rubber
tires adsorbent [30]. When plotted, the linear form of each
model indicates if the model is favorable to define the
sorption process or not.

Pseudo-First Order:
equation is as follows:

The pseudo —first order kinetic

dqt = k; 2 (3)

Integrating equation 3 using boundary conditions t = 0 and
i = q. gives.
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log(qe — qt) = log % — kqt 4
Where qge is the amount of metal ion adsorbed per gram of
CPP (mg/g), q;, amount of metal ion adsorbed at time t (mg/g)
and k; is the rate constant of pseudo first order (min™). To
determine the rate constants, plots of log (q.-q;) against t for
metals at 30°C were made. The rate constants, k; and
correlation coefficients (R?) values of the metals were
calculated from the plots.
Pseudo-Second Order Model: The adsorption capacity is
relative to number of binding spots occupied on the
adsorbent; the kinetic rate law can be written as:

dqt = k,(q. — q.)* )

k, is rate constant of adsorption (g/mg. min.), ge, amount
of metal ion adsorbed at equilibrium (mg/g), qt = amount of
metal ion adsorbed at time, t (mg/g).

Separation of the variables in equation 5.

k2

dqt = W dt (6)

Integrating equation 6 gives

t 1 1
w o Talt @
Which is Pseudo-Second order rate law. The initial
adsorption rate, is described by the constant (ho) as;

ho = k,q; ®)

The initial rate, ho, amount adsorbed at equilibrium, ge,
rate constant, K, and the coefficient of determination (Rz)
were calculated from slope and intercept of plot of t/qt versus
t.

Weber-Morris Intra-Particle Diffusion Model: Intra-
particle diffusion was analyzed using the Weber-Morris
model equation.

qt = kt®S +C &)

Where k is the rate constant (mg g min®®) and C, is
thickness of boundary layer, if Weber- Morris plot of qt
versus t*° is linear, adsorption is measured by surface
diffusion only. However multiple plots show two or more
steps are responsible for adsorption.

Elovich Model: In adsorption, decreases in rate due to
increase in surface coverage is a function of time, the Elovic
Model explains such conditions [28, 35].

1

qe = In(t + to) — %ln to (10)
Where t, = a 1; If t > t,, this is further simplified as
q: = % In(ab) + %lnt (11

The Elovich model equation was applied to results from
experiment by plotting q; versus log t, after simplifying
natural log of equation 11 to logy as;

logq, = a+ 2.303 klogt (12)

Statistical Evaluation of Experimental Data: Mean,
Standard deviation and Analysis of Variance (ANOVA) was
employed in the evaluation of experimental data.

3. Results and Discussion

Elemental Composition of Cassava Peel Powder: The data
in table 1 shows the detected elements originally present in
the cassava peel powder ascertained using Atomic
Adsorption spectroscopy, which shows the amount of
different metals in microgram per gram sample.

Table 1. Elemental Composition of Cassava Peel Powder.

Elements Concentration pgg’
Calcium (Ca) 420.50

Potassium (K) 141.22

Cadmium (Cd) 0.32

Manganese (Mn) 9.50

Magnesium (Mg) 195.57

Lead (Pb) 0.01

Chromium (Cr) 0.01

Zinc (Zn) 1.90

Iron (Fe) 3.28

Effect of Contact Time on Removal Efficiency of
Unmodified and Modified Cassava Peel Powder for Fe'",
Zn**, Cr"* and Pb**: The removal efficiency of unmodified
and oxalic acid modified cassava peel powder for Fe*', Zn**,
Cr® and Pb*" from aqueous solution was studied at different
contact time; 10, 20, 30. 40. 50. 60 minutes respectively.
Effect of contact time on removal of metal ions with
unmodified and modified CPP is shown in Figures 1 and 2
respectively. The data from the time- dependent experiments
for removal of metal ions with unmodified CPP in figure 1
Showed that Zn®" reached equilibrium in 30 minutes with
96.8% removal, followed by desorption in 40 minutes which
remained constant, this is credited to number of active sites
on adsorbent surface being completely used up [11]. Pb*,
Fe’* and Cr®" attained equilibrium in 60 minutes with 94%,
84% and 80% removal respectively, their adsorption
increased as contact time increased, and this % removal was
in agreement with Chowdhury [36] who reported 88.84% to
94.23% for these metals using palm oil fuel ash as adsorbent.

In Figure 2, adsorption onto 0.5M modified CPP showed
that Pb*" equilibrium was reached in 50 minutes with 93.5%
adsorption, followed by desorption. Cr®" and Zn®" attained
equilibrium in 60 minutes with 80.7% and 92.3% sorption
respectively, Fe®" attained equilibrium in 30 minutes, the
decrease in percentage sorption of Fe'™ after attainment of
equilibrium is because the site for adsorption is completely
occupied, adsorption is controlled by rate at which adsorbate
moves from the external to internal sites of adsorbent,
therefore flow rate is relative to time [37].
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Figure 1. Effect of time on % Removal of amount of metal ions removed by
unmodified CPP at different contact time.
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Figure 2. Effect of time on % Removal of amount of metal ions removed by
0.5 M modified CPP at different contact time.

The percentage removal of Cr" and Fe'" onto the
unmodified CPP and in the different modified CPP were
relatively low compared to Pb*" and Zn®" because of high
ionic radius and low charge density [38, 39]. As such the
affinity of Cr®" and Fe®" ion towards the active binding site is
lower. Equilibrium for Fe’" in the 0.5M. IM and 2M
modified CPP clearly shows that equilibrium was reached in
approximately 30 min irrespective of acid modification,
because the adsorption sites took up available metal ions
quickly at low concentrations. The plots are single and
continuous indicating saturation, this suggests monolayer
coverage of metal ions on adsorbent surface [40]. Mechanism
of metal removal from solution involve different stages
which includes migration of metal ions from solution to the
surface of adsorbent, diffusion through boundary layer to
adsorbent surface, adsorption at a binding site and intra-
particle diffusion on interior of biomass [41]. The boundary
layer resistance is affected by rate of sorption and increasing
the contact time will reduce this resistance and increase the
mobility of ions [42]. The higher metal ion uptake with
increased contact time is because of reduction in boundary
layer resistance to mass transfer in solution and increase in
kinetic energy of metal ions [43]. Rapid metal removal
occurred within 30-40 minutes, and remained relatively

constant after. A long contact time for equilibrium shows that
predominant step is physisorption, while short contact time
shows chemisorption. The contact time observed for the CPP
— metal ion sorption specifies that the predominant
mechanism is physisorption [44, 33].

Modification with oxalic acid reduced the sorption of
prepared CPP because of protonation of sorption sites of CPP
surface due to modification with acid. This will tend to leave
metal ions in solution rather than being adsorbed on the
surface [45]. Rate of metal sorption on CPP from solution
depends on the nature of the metal. This relates to the ability
to makes complexes with functional groups on CPP surface
[36]. In addition different sorption of ions may be credited to
variations in ionic radii. The lesser the ionic radius, the
greater its tendency to hydrolyze, which further leading to
decrease in sorption [46].

1.5

Pb2+ ¢ Cr6+
1 ° AZn2+ ®Fe3+
0.5
0
log _
(qe-qt)
-1
-1.5
-2 A . o
-2.5

t mins

Figure 3. Pseudo-first order plot for removal of metal ions investigated by
unmodified CPP.

Generally, the adsorbed amounts of oxalic acid modified
adsorbent were relatively low compared to that of unmodified
CPP. This may be due to negative charge of dissociated acid
anions repelled by thiol-functional group, and this might have
strong repulsion forces with metal ions [47].

Kinetic Studies for the Removal of Pb**, Cr**, Zn** and Fe’*
in aqueous solution using Unmodified and Modified Cassava
Peel Powder: Process design, operation control and adsorption
kinetics are essential for any practical application [48].
Adsorption kinetics during wastewater treatment is important
as it gives valuable insights into the reaction pathways and
mechanism controlling the rate of reaction [49]. Kinetics also
describes the metal uptake which in turn controls the residence
time of adsorbate at the solid-solution interface. Adsorption
kinetics were investigated to determine the adsorptive
absorption of metal ions from wastewater at various time
intervals. Kinetic study is useful in predicting the rate of
sorption for a given system. Adsorption kinetics depends so
much on adsorbent material, which also influences the removal
and mechanism [50]. To examine the kinetics of heavy metal
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ions removal by unmodified and oxalic acid modified
adsorbents, four kinetic models were tested: Pseudo-First order,
Pseudo-Second order, Elovic Model and Intra-Particle
diffusion models were applied to the data.

Pseudo-first order kinetic model: The pseudo-first-order
kinetic rate model which describes the rate of adsorption of
the adsorbate by the adsorbent are presented in figures 3 and
4 for removal of Pb*", Cr®", Zn®*" and Fe’" in aqueous solution
of by unmodified and oxalic acid modified CPP respectively.
According to pseudo-first-order model, K; and ge (Table 2)
were calculated from the slope and intercept from the plots of

log (qe —qt) versus t. It was discovered that experimental qe
values did not correlate with the calculated ge for the
unmodified and modified CPP, first-order model does not
reproduce the adsorption of metal ions on unmodified and
different modified CPP. Also, coefficient of determination R*
was less than (<) 0.99 which indicates no fit for the model.
Non- linear plots were observed for all metals, meaning that
adsorption between these metals and CPP was not
appropriately evaluated by pseudo — first order model, this
relates with the findings [51-53] in the adsorption of heavy
metals using different adsorbents.

05
Pb2+ & Cr6+ AZn2+ ®Fe3+
0
00 » 30 4 50 60
-0.5

log (qe-qt) -1

-1.5

-2.5

t mins

Figure 4. Pseudo-first order plot for removal of metal ions investigated by 0.5M Modified CPP.

Table 2. Data for computation of Pseudo-first order rate constant and correlation coefficient for adsorption of metal ions onto unmodified CPP and 0.5M

Modified CPP.
unmodified CPP 0.5M oxalic acid Modified CPP
Metalions  qe (mg/g) - 2 q. (mg/g) q. (mg/g) - 2
experimental qe (mg/g) caleulated Ki (min") R experimental calculated Ki (min") R
Pb** 0.6088 7.550 0.0451 0.2334 1.3004 7.48 0.0631 0.3343
crt 0.5047 6.400 0.0527 0.6494 0.3748 6.47 0.0417 0.4638
Zn** 0.1777 7.450 0.0078 0.0090 0.7097 7.44 0.0067 0.0319
Fe’* 9.330 6.740 0.0882 0.568 0.3555 6.43 0.0058 0.0042
11
10 10 APb2+
APb2+ MCré6+
8 ¢Zn2+ @Fe3+

t/qt

o

10 20 30 40 50 60
t mins

Figure 5. Pseudo — second order plot for metals ions unto unmodified CPP.

t/qt

10 20 30 40 50 60
t mins

Figure 6. Pseudo second plot for metal ions on 0.5M modified CPP.

Pseudo-Second Order Model: Pseudo-second order model
also described the adsorption kinetics of metal ions on CPP,
it’s known that adsorption capacity is equivalent to number
of binding sites occupied on the adsorbent [54]. Plots of
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Pseudo-second order for adsorption of metal ions on
unmodified and oxalic acid modified CPP are shown in
figures 5 and 6 respectively. The values of initial sorption
rate ho, the sorption capacity q., the pseudo- second order
rate constant K, and correlation coefficient (R?) were
calculated from slope and intercept from plot of t/qt versus t.
The data plotted showed a better fit for all metals, this
indicates that adsorption can be suitably explained using
pseudo- second order kinetic model with R* > 0.99 for all
metals which is a good fit for unmodified and oxalic acid
modified CPP. As a fit becomes more perfect, R* becomes

closer to 1.0. The values of calculated q. (Table 3) from the
second order model compared favorably with the
experimental values which indicates a good fit for kinetic
data. This result is consistent with [55-57], amongst many
others using various adsorbent for heavy metal removal. As
seen in tables 4, Cr" had a higher initial sorption rate
(g/mg./min) than other metal ions for both the modified and
the different modified CPP, this implies that adsorption of
Cr®" metals was quicker and in a mixed metal ion system of
these four metals, Cr®" might be adsorbed before others
quantitatively [53].

Table 3. Data for computation of Pseudo-second order rate constant and correlation coefficient for adsorption of metal ions.

Metal Unmodified CPP 0.5M oxalic acid modified CPP

; q. (mg/g) q.(mg/g) K, 2 q. (mg/g) q. (mg/g) 2

ions . .1 h, R . k, h, R
(experimental) calculated (g/mg/min") (experimental) calculated

Pb* 7.930 7.550 0.0364 2.292 0.9818 7.77 7.48 0.039 2.362 0.9894

' 6.440 6.400 0.2294 9.515 0.9998 6.45 6.47 0.371 15.432 0.9996

Zn** 7.315 7.450 0.0381 2.037 0.9987 7.40 7.44 0.323 18.18 1

Fe’* 6.906 6.740 0.0420 2.003 0.9903 6.75 6.43 0.172 6.494 0.9956

Elovich Model: In adsorption reactions in aqueous system,
the rate decreases with time due to increase in surface
coverage [58]. Elovich model explains such condition.
Elovich kinetic model may be suitable when the adsorbate
ions and the surface sites interact chemically through a
second-order mechanism. Elovich plots of metal ion sorption
on unmodified and oxalic acid modified CPP are shown in
figures 7 and 8 respectively.

y=0.1274x + 6.5773

determination R* for all metal ions, for unmodified and
different modified CPP (R* < 0.99), it was detected that
Elovich model failed to give good fitting to the experimental
figures for adsorption of Pb*", Cr®', Zn*", Fe’" on unmodified
and oxalic acid modified CPP unlike [59] that reported R?
values 0.9978 using chemically activated carbon production
from agricultural waste of chickpea and its application for
heavy metal adsorption and [60] that R* values of 0.903
using Activated Plantain Peel Biochar As Adsorbent For
Sorption of Zinc (IT) Tons.

EPb2+ R2=0.2079
mCré6+ . -
o
g BFeitm = n S mPb2+ mCr6+ MWZn2+ WFe3+
7 o — = = = § 3
y =0.0031x + 7.3973
) - . R2=0.0644 7 0
g = o N
- - —=—u K L0 o
< o u ‘ go - .
_ o E 77_7.7_7H7;7‘,_,'-77
- =) o o -
o y =-0.004x +6.1073 )
R2=0.0004 o
5
1 1.301 1.477 1.602 1.699 1.778 5
log t 1 1301 1477 1602 1699 1778
Figure 7. Elovich plot for metal ions onto unmodified CPP. log t
According to values obtained for coefficient of Figure 8. Elovich plot for metal ions onto oxalic acid modified CPP.
Table 4. Data for computation of Elovich rate constant and correlation coefficient for adsorption of metal ions.
. Unmodified CPP 0.5M oxalic acid modified CPP
Metal ions a1 2 el 2
K; (min™) A: mg/g R K; (min™) amg/g R
Pb** 3.188 6.076 0.0801 5.08 6.35 0.063
Crf 7.520 5.831 0.7839 10.55 6.02 0.5171
Zn** 18.77 7.210 0.037 59.51 7.33 0.2308
Fe** 2.180 4.600 0.4867 2.69 5.82 0.0196
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Table 5. Data for computation of Weber-Morris rate constant and correlation coefficient for adsorption of metal ions onto Unmodified CPP and onto 0.5 M

modified CPP.
Metal ions K1 (min-1) C R2 K1 (min-1) C R2
Pb** 0.152 6.268 0.1231 0.112 6.385 0.1323
cr 0.052 5.977 0.8028 0.036 6.142 0.4786
Zn** 0.011 7.325 0.0112 0.005 7.380 0.1351
Fe'* 0.192 5.665 0.0556 0.097 5.279 0.02851

Intra-Particle Diffusion Model: Diffusion rate cannot be
obtained from the kinetic models, because of this, intra-
particle diffusion model [61] was employed. Weber-Morris
plots for metal ion sorption onto unmodified and oxalic acid
modified CPP are shown in figures 9 and 10 respectively.

7.5 . . o
L ° L =]
]
¢ Pb2+ HMCr6+ A
qt mg/g BZn2+ AFe3+
A
r’/‘l._’”—./’/‘.'/‘-r/".
A
A
*
5.5 A
3.162 4472 5477 6.325 7.071 7.746
t0.5 mins

Figure 9. Weber-Morris plot for metal ion sorption on unmodified CPP.

7.5
) H M ] )
¢ Pb2+
*
qt mg/g "
o A - u
] *
. A
A
A
A A
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3.162 4.472 5.477 6.325 7.071 7.746
t0.5 mins

Figure 10. Weber-Morris plot for metal ion sorption on oxalic acid modified
CPP.

In Weber-Morris plot, k is rate constant mg g'1 min™® and
C is a constant that gives idea about thickness of boundary
layer. If the Weber-Morris plot of gt versus t*° remains
straight, then adsorption is controlled by surface diffusion,
however if the data display multi- linear plots, then two or
more steps influences adsorption [62] (Tsibranska, 2012).
The plots show a curvature at the beginning for some metals,
this is typically related to boundary layer diffusion or exterior
mass transfer effects [63] (Srivastava et al., 2006). The multi-
linear plot reveals two consecutive adsorption steps. The first
stage is faster than the second, and it is external surface

adsorption referred to as boundary layer diffusion, the second
stage is slow adsorption stage where intra-particle diffusion
is rate limiting. Closer examination to these steps shows that
the second step is the rate limiting step. Extrapolating the
linear potions of the y-axis gives the intercept which
proposes the measure of boundary layer thickness. The
deviancy of plots from origin might be due to change in rate
of mass transfer in the initial and final stages of adsorption
[33]. (Horsfall and Vicente, 2007). Such deviation from
origin designates that pore diffusion is not the rate-
controlling step. The greater value of C, the larger the
boundary layer effect. If C is zero, the only rate-controlling
step is intra-particle diffusion. However, if C is not 0, this
indicates that adsorption comprises more than a single
diffusive resistance [64] (Nady et al., 2013). The figures for
unmodified and different modified CPP shows that boundary
effect for Zn®" is higher than other metal because of larger
ionic radius compared to other investigated metals. This
result is in agreement with the findings [65, 66] Jean-Pierre
and Bouté, (2016), Tsibranska and Hristova, (2012) on
adsorption of heavy metals onto activated carbon from
apricot stones.

4. Conclusions

The physicochemical evaluation of the cassava peel
showed that the CPP is a good adsorbent based on its volume
activity, suspension in liquid phase and affinity for cations.
The laboratory experiments showed that cassava peel powder
can remove Pb*", Zn**, Cr®" and Fe'* from aqueous system
with acid modified and unmodified biomass within 30-60
minutes contact time, the kinetic data revealed that the
reaction followed pseudo-second order with R* value of >
0.99 for all metal ions and the rate limiting step is intra-
particle diffusion. Large quantities of agricultural waste are
produced by agro-industry and their metal ion adsorption
capacities are recognized as possible substitutes to existing
heavy metal elimination methods. One of such agricultural
waste is the cassava peel.
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