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Abstract: Cyanide poisoning in water bodies often results from human activities via cassava processing, which is highly undesirable in
water bodies. This work describes the preparation of palm kernel fibre ash (PKFA) adsorbent via wet beneficiation, calcination and
impregnation with Iron (1) nitrate for cyanide adsorption from its aqueous solution. The raw palm kernel fibre (PKF), calcined PKFA
and Fe?* impregnated PKFA (Fe-PKFA) were characterized using a scanning electron microscope (SEM) and Fourier Transform Infrared
(FTIR), whereas UV spectrophotometer was used to monitor the cyanide concentration. Box-Behnken experimental design method of the
response surface methodology (RSM) was employed to study the effect of temperature, contact time, adsorbent dosages, and initial
concentration on the adsorption efficiency of the adsorbents at fixed pH 7. Optimal adsorption efficiency of 85.43% was obtained with 60
ppm initial concentration, 3 g of calcined Fe-impregnated adsorbent dosage at 42 minutes contact time and temperature of 35 °C. The
developed model for the adsorption process gave R? value of 0.9985 which shows that the model is significantly high, and there was good
agreement between the experimental and simulated values. The adsorption process was best described by the pseudo-second order and
intra particle diffusion kinetic models. The Temkin adsorption isotherm gave the highest regression coefficient and the variation of
adsorption energy was 14.47kJ/mol which indicated an exothermic process. The results revealed that the Fe®* impregnated PKFA
adsorbent can serve as a good and sustainable adsorbent for cyanide biosorption from wastewater.

Keywords: Biosorption, adsorbent, palm kernel fibre ash, cyanide, response surface methodology.

1. INTRODUCTION

Cassava processing effluent in concentrated industrial areas is often regarded as polluting and a burden on natural
resources. Processing of cassava for starch is water-intensive and generates large volumes of wastewater (between 7 m? per
kg to about 69 m? of wastewater per ton of fresh cassava roots), [1,2]. In Nigeria, between 20-60 m?® per ton of cassava
wastewater generated during cassava processing [3-5], find their way into nearby drains and streams, causing critical health-
threatening pollution to the waterbody. The wastewater is highly acidic, sometimes as low as pH of 2.6, and combined
wastewater has been reported as ranging between pH of 3.5 and 5.2 [6], which causes harm to aquatic organisms and prevent
self-purification of the receiving water body [7]. These wastes would even be more problematic in the future with the
increased industrial production of cassava products. The Food and Agricultural Organization (FAQO) reported that of the total
world production of cassava in 2000, Africa accounted for 54%, Asia 28%, Latin America and Caribbean 19%. In 1999,
Nigeria produced 33 million tons of cassava, with the figure rising to 184 million tons in 2002, making it the world’s largest
producer [5, 7-10].

Hydrocyanic acid (HCN) or cyanide is a major poisonous chemical substance present in a deadly concentration in raw
cassava tuber [11, 12]. The cyanide content per peeled tubers varies from 6 to 250 mg HCNKkg fresh weight, with a reported
maximum of 434 mg HCNKkg™. Presence of 50 mg HCNKkg™ fresh weight is regarded as nontoxic [6], but higher than that is
toxic, [13]. According to Burns et al. [14], cyanide in cassava exists in the form of glycoside, (i.e. linamarin and lotaustralin),
which is easily liberated from cassava cyanogenic glycosides by the enzyme linamarase.
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The current technologies used for cyanide effluents treatment like anodic oxidation, electrical attenuation,
biodegradation etc. [15-18] are inadequate due to the quantity of these wastes. The biodegradation method often leads to the
problems of metal-bearing sludge which are difficult to dispose. Some of these traditional methods are expensive thereby
proving uneconomical, especially for developing countries where large volumes of these waste are generated [19]. Therefore,
there is a need for newer and effective methods which will also be efficient and cheap. Compared with conventional methods
for removing toxic metals from effluents, the biosorption process has the advantage of the ease and low operating cost, high
removal capacity, minimization of volume of chemicals and biological sludge to be disposed of and high efficiency in
detoxifying very dilute effluent [20, 21].

Adsorbents produced from agricultural by-products has been given serious attention due to the growing interest in low-
cost adsorbent from renewable biomass, especially for applications in the treatment of wastewater [22, 23]. According to
Herawan et al. [24], two major solid wastes are generated during palm oil processing, which includes, the extracted flesh
fibre (mesocarp) and seed shell (endocarp). Poku [25], also reported that during oil palm processing, about 20-24% of fresh
fruit bunch (FFB) are converted to oil, while the remaining 76-80% are essentially waste-products. The oil palm industry
generates a high amount of the palm kernel fibre (PKF) from its operation, which if not properly disposed of could pose an
environmental problem, [26-28]. Anyanwu [29] and Ohimain et al., [30], in their separate surveys, revealed that an average
of 382,500 dry tons of PKF is generated in Nigeria annually.

The potential of palm kernel fibre (PKF) as a low-cost biosorbent material has been receiving interest in recent researches
[31, 32]. Qil-palm fibre is a good candidate for advanced material production because they are available as wastes, which
could be gotten almost free in small quantity or low price in huge quantity [24]. Palm kernel fibre ash (PKFA) has been
reported to have about 66.64% amorphous content with silicon dioxide (SiO2) as the main constituent, [33]. In this study,
adsorbent preparation from PKF, impregnated with iron (1) nitrate for cyanide removal from aqueous solution and their
removal efficiency using numerical optimization technique in Box-Behnken method of the response surface methodology
was investigated. Also, data obtained from the design expert software for the adsorption study was used to carry out both the
kinetics and isotherm studies.

2. MATERIALS AND METHOD
2.1 Materials
The raw palm kernel fibre (PKF) was sourced from a palm oil industry in Esit-Eket Local Government Area in Akwa
Ibom State, Nigeria, having latitude 4.6607° N, longitude 8.0683° E. Analytical grade (Sigma-Aldrich, Germany) potassium
cyanide (KCN), ACS reagent > 96.0%, Iron (II) Nitrate (Fe(NO3),) and deionized water were used for the preparation of the
stock solution for the adsorption study, and impregnation of the palm kernel fibre ash.

2.2 Preparation of the Cyanide Standard Solution

1 g of potassium cyanide (KCN) was dissolved in 1000 ml of de-ionized water to prepare a stock solution of KCN. 10
to 60 ppm cyanide concentrations were prepared from the stock solution in steps of 10 ppm by serial dilution. Perkin Elmer
LAMBDA 265 UV spectrophotometer set at 600 nm was used to generate a calibration curve using the six-prepared solution
and a blank solution [34]. The linear Beer-Lambert relationship between absorbance and cyanide concentration for the
calibration curve was established by plotting these parameters and observing the regression. Subsequent determination of
unknown concentrations was determined using the model developed from the regression.

2.3 Sample Pre-treatment and Calcination.

The raw palm kernel fibre was beneficiated by soaking in hot deionized water and detergent for 24 hours to remove the
associated oil. The remaining debris was removed by thorough rinsing in hot deionized water, air-dried and carbonized for
72 hours in a rotary kiln [35]. The carbonized PKF was washed in water, filtered, sieved to a particle size of 250 microns
and left to settle for a day in a quiescent condition. The resulting slurry was oven-dried at 80 °C for 6 hours, ball-milled to
powdered form and then calcined in a muffle furnace at 550 °C overnight followed by further heating at 750 °C for 1 hour.
The ASTM E871, ASTM D1102 and ASTM E872 [36] methods were used to conduct the proximate analysis for the palm
kernel fibre.

2.4 Impregnation with Iron (1) Nitrate

The wet impregnation method was used to anchor the iron on the PKFA. 5 g of iron (1) nitrate was dissolved in 480 ml
of deionized water to form a solution. 50 g of the calcined PKF ash was introduced into the iron (I1) nitrate solution and
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stirred for 2 hours. The resulting slurry was aged for 24 hours before it was oven-dried at 80 °C for 6 hours and later calcined
at 450 °C. The various stages of all the transformation were characterized using SEM and FTIR.

2.5 Batch Adsorption Experiment and Optimization Studies.

25ml solution each of (25-60 ppm) of KCN at the time (6—42 minutes) and temperature of (30—40 °C) in a 100 ml batch
reactor were contacted with the Fe?*-impregnated PKFA adsorbent (1-5 g), in a batch adsorption experiment. The specific
combinations were as suggested by the Box-Benkhen method of design of experiment (Design-Expert v11 software, Stata-
Ease Inc.). The optimum conditions for maximum adsorption of cyanide by Fe-PKFA was determined using a four-factor,
Box-Behnken experimental design combining with response surface methodology. This work focuses on the design of four
factors (temperature, contact time, ash dosage and initial concentration of cyanide) to determine the optimum adsorption
conditions, using percentage cyanide removal as a response, as depicted in Table 1. The concentration of cyanide after
adsorption was determined using Perkin EImer LAMBDA 265 UV spectrophotometer. The cyanide removal percentage was
calculated using Equation 1:

R(%) = “==x 100 1
o
where R = Removal Efficiency, Co = Initial Concentration of Cyanide, ppm, C = Final Concentration of Cyanide,

ppm

3. RESULTS AND DISCUSSION
3.1 Scanning Electron Microscope (SEM) Analysis
Plate 1 shows the surface morphology of raw PKF, carbonized PKFA and the Fe-impregnated PKFA. It demonstrates
the changes in surface morphology from the raw PKF to the Fe-impregnated PKFA. It could be seen from plate 1a that the
raw palm kernel fibre is a bundle of many fibres, which indicates that these vessel elements are nothing but individual fibres.
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Plate 1: SEM morphological images for (a) raw PKF (b) carbonized PKFA and (c) calcined Fe?*-impregnated PKFA

The raw fibres have a smooth and homogenous surface with highly well-developed porous texture as corroborated by
Abdelwahab et al., [37] and Tobi et al., [38]. On carbonization, the fibre bundle was broken into a relatively smooth solid
structure with the formation of several pores on its surface (Plate 1b). The carbonized PKFA surface was also covered with
silica, [39-41], while this silica may decrease the number of the adsorbed particle due to the adsorbate that cannot enter. It
can be seen in Plate 1c, that the impregnated iron particles (brighter and small aggregates form) are inside the porous structure
and on the surface of the carbonized PKFA due to the impregnation process. This was found to conform to the works reported
by Depci, [42]. The results revealed that treatment of the carbonized PKFA with Fe(NO3), successfully modified the PKFA
outer layer surface by developing several new pores due to the loss of volatile components to form a highly porous structure.

3.2 Fourier Transform Infrared Spectrometry (FTIR)

Figures 1a, b and c reveal the FTIR spectra of raw PKF, carbonized PKFA and calcined Iron impregnated PKFA. The
shift in peak values as could be seen across the FTIR images are due to the formation of a chemical bond between functional
groups present on the adsorbents. Based on the FTIR, confirmation of potential application for adsorption can be deduced
with good removal efficiency.

In the diagnostic domain, the transmittance pattern of the infrared light helps to determine the functional group present
in the samples. It could be seen that the spectra have similar peaks for all the samples with slight variations. A broad and
strong peak could be noticed at 3424 cm* on the spectra, which corresponds to the hydroxyl (-OH) group stretching [38].
From Figure 1a, the peak at 628.81 cm bandwidth fall in the Infra-red (IR) band range of (1000-650) cm™* and the functional
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group present was C-H alkenes out-of-plane bend. Peak having 1643.41 cm* bandwidth reveals the presence of C=C of
amide functional group for an IR band range of (1670-1640) cm™ bandwidth as could be seen in Fig. 1a and b. For the
carbonized PKFA, the peak at 2870.17 cm™* bandwidth and 2933.83 cm! bandwidth indicates the presence of (C-H) alkanes
stretch as it falls in the IR range of (3000-2850) cm™ as corroborated by Tobi et al., [38]. The peak at 1041.6 cm™ and 1107
cm* which fall in an IR band range of (1300-1000) cm of Figure 1b and 1c identify the presence of C-C functional groups.

[
4

| P! -

% Transmittance
o

Wavenumber, cm*

Figure 1: FTIR Spectra of (a) raw PKF, (b) carbonized PKFA, (c) Fe?* impregnated PKFA

The change in FTIR spectra confirms the effect of Iron impregnation on raw ash; also, the shift in spectra shows that
palm fibre will be a useful adsorbent for cyanide treatment. Figure 1b and 1c, by comparison, reveals mostly that alkanes
and amides will be involved in the adsorption process. There were clear bandwidth shifts and intensity decrease at 464.86
cm, 584.45 cm, 663.53 cm™, 1492.95 cm™* and 2142.99 cm™* bandwidth. The broad O-H stretching vibration mode at 3400
cm™ which suggests the presence of hydroxyl groups provide a hydrophilic component to Fe?*, increasing their dispersibility
[43]. The other bands below 800 cm™ are attributed to the blending metal-oxygen stretching modes, including Fe-O
originating from Fe(NOa).

3.3 Batch Adsorption Experimental Study

Table 1 shows the results of the Box-Behnken design of experiment. The removal efficiency of the cyanide was seen to
vary between 77.22% and 87.89% for the experimental values. The error range when compared with the predicted values are
within acceptable limit (-0.19 to +0.2). The regression analysis done enhances the developed model that was used to study
the analysis of variance resulting from the graph and parity plots.

Table 1: Experimental Design Matrix with Response.

Run A: B: Contact C: Ash D: Initial Removal Efficiency, %
Temperature | Time, minutes | Dosage, | Concentration, | Experimental | Predicted

degree C g ppm Value Value

1 35 6 3 60 80.22 80.16
2 35 24 3 425 84.49 84.46
3 35 24 3 425 84.3 84.46
4 35 24 5 25 83.96 83.81
5 40 24 5 425 87.48 87.37
6 35 6 3 25 79.19 79.34
7 35 24 5 60 84.26 84.31
8 30 6 3 425 78.96 78.86
9 35 24 1 60 81.43 81.57
10 35 24 3 42.5 84.63 84.46
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11 30 24 3 60 83.51 83.54
12 40 24 3 25 86.62 86.57
13 35 24 3 425 84.43 84.46
14 30 24 3 25 82.96 82.99
15 40 24 3 60 87.26 87.21
16 35 6 1 425 77.22 77.07
17 35 42 5 425 85.28 85.40
18 30 24 5 425 83.46 83.43
19 35 42 3 60 85.53 85.43
20 35 42 3 25 84.96 85.06
21 30 24 1 425 80.76 80.91
22 35 24 1 25 80.94 80.87
23 35 6 5 425 80.13 80.24
24 40 6 3 425 83.28 83.33
25 35 42 1 425 83.04 82.90
26 40 42 3 425 87.89 87.98
27 35 24 3 425 84.45 84.46
28 30 42 3 425 85.27 85.20
29 40 24 1 425 84.15 84.22

1). Analysis of Variance (ANOVA): Table 2 shows the ANOVA of the cyanide removal which influenced the model
development. Statistically, if the prob > F value is less than 0.05, the model developed is said to be significant. Also, for lack
of fit not to be significant, the prob > F value must be greater than 0.1.

Table 2: Summary of Analysis of Variance (ANOVA)
Source Sumof | df Mean F-value | p-value

Squares Square
Model 196.69 | 14 14.05 | 673.31 | <0.0001 | Significant
A-Temperature 39.46 1 39.46 | 1891.02 | <0.0001
B-Contact Time 90.59 1 90.59 | 4341.26 | <0.0001
C-Ash Dosage 24.17 1 24.17 | 1158.26 | <0.0001
D-Initial Conc. 1.07 1 1.07 51.19 | <0.0001
AB 0.7225 1 0.7225 34.63 | <0.0001
AC 0.0992 1 0.0992 4.76 0.0468
AD 0.0020 1 0.0020 | 0.0970 0.7600 | Not significant
BC 0.1122 1 0.1122 5.38 0.0360
BD 0.0529 1 0.0529 2.54 0.1337 | Not significant
CD 0.0090 1 0.0090 | 0.4325 0.5214 | Not significant
A? 6.23 1 6.23 | 29855 | <0.0001
B2 16.58 1 16.58 | 794.57 | <0.0001
(o 13.76 1 13.76 | 659.24 | <0.0001
D? 0.8642 1 0.8642 41.41 | <0.0001
Residual 0.2921 | 14 0.0209
Lack of Fit 0.2357 | 10 0.0236 1.67 0.3276 | Not significant
Pure Error 0.0564 4 0.0141
Cor Total 196.98 | 28
R2 0.9985
Adjusted R2 0.9970
Predicted R? 0.9927
Adeq Precision 104.9805

Thus, as shown in Table 2, the Model F-value of 673.31 implies the model is significant and its corresponding prob > F
value obtained to be 0.0001 is less than 0.05 which implies that there is only a 0.01% chance that a "Model F-value" this
large could occur due to noise. The Lack of Fit F-value of 1.67 implies the Lack of Fit is not significant relative to the pure
error. There is a 32.76% chance that a "Lack of Fit F-value" this large could occur due to noise. Non-significant lack of fit
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is good. The model terms are A, B, C and D. In this case from Table 2, A, B, C, D, AB, AC, BC, A?, B2, C?, D2 are significant
model terms. Values greater than 0.1000 indicate the model terms are not significant. Eliminating the insignificant model
terms we have;

Removal Efficiency, % = 84.46 + 1.81A + 2.75B + 1.42C + 0.2983D — 0.425AB + 0.1575AC — 0.1675BC +
0.98A% — 1.6B% — 1.46C? — 0.365D? ...(2)

where A, B, C and D represent temperature, ash dosage, contact time and initial concentration of cyanide respectively.

Equation 2 represents the model developed for cyanide removal. As can be seen from Equation 2, it represents a
polynomial model of quadratic order which can be used to predict cyanide removal before laboratory experiment. The
contribution of term B (contact time) is more significant judging from the value of its coefficient, whereas the AC term
indicates the most effective interrelated combined quadratic factors. The model in terms of actual factors is as presented in
Equation 3 in the light of the significant factors as shown in Table 2.

Removal Efficiency = 102.18769 - 2.32618T + 0.584243CT + 2.51205AD + 0.122187IC - 0.004722T*CT +
0.015750T*AD - 0.004653CT*AD + 0.039200(T)? - 0.004934(CT)? - 0.364063(AD)? - 0.001192(IC)? .3
where T = temperature, CT = contact time, AD = ash dosage, and IC = initial concentration

The equation in terms of actual factors can be used to make predictions about the response for given levels of each factor.
Here, the levels should be specified in the original units for each factor. This equation should not be used to determine the
relative impact of each factor because the coefficients are scaled to accommodate the units of each factor and the intercept
is not at the centre of the design space.

The Predicted R? of 0.9927 is in reasonable agreement with the Adjusted Rz of 0.9970; i.e., the difference is less than
0.2. The R? value of 0.9985 indeed showed that the model is significantly high, and there was good agreement between the
experimental and simulated values.

2) Relationship between the predicted and actual data: Figure 2 shows the parity plot of the apredicted and actual data
in the model development. As shown in Figure 2, both experimental (actual) and predicted data are very close to the
regression line which proves that the experimental data are in close agreement with the predicted data. This shows that there
is a very good correlation between the data points [44, 45]. This is evident in the R? value of 0.9985 obtained which is close
to 1.0 as desired in regression analysis.

Figure 2: Parity plot of tHé‘predicted and actual data

3) Response Surface Plot: The response surface plot shows the relationship between the variable parameters used and
their corresponding responses. Figures 3(a) and (b) follows the same trend, indicating that the combined effect of Ash dosage
(C) and contact time (B) respectively with temperature both leads to higher removal of the cyanide as their values increase.
Figure 3(a) showed that higher temperature favoured high removal of the cyanide ion. However, operating at higher
temperature >37 °C may come with higher energy cost implication, whereas the % removal at 35 °C will also yield not too
different removal efficiency. Higher temperature above 36 °C and higher ash dosage is certainly not economical for the
process
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As shown in Figure 3(b), at a temperature of 30 °C and contact time of 42 minutes, the cyanide removal efficiency
amounted to about 89 %. When the temperature is increased to 36 °C at the reduced contact time, there was a reduction in
cyanide removal efficiency. It can, therefore, be inferred that lower temperature and longer contact time will bring about
better performance in terms of the cyanide removal by the adsorbent. This is in line with the work previously reported by
Kumar et al. [46].

Ramosd Ecency W)
o Moo N

€ Ash Dosage (g

Figure 3: Effect of Temperature (A), Contact Time(B) and Ash Dosage (C) on cyanide removal efficiency

Higher removal efficiency is also observed as contact time increases with ash dosage up to a contact time of about 24
minutes with a corresponding ash dosage of 3g, which gave a removal efficiency about 84.49% (see Figure 3(c)). Contact
time above 24 minutes and corresponding increase or decrease of ash dosage will result in reduced removal efficiency.

4) Optimization Point of Design of Experiment (DOE) Software: Optimization of the variables was carried out using
numerical optimization tool of the response surface methodology of the design of experiment software. Table 3 gives the

selected experimental variables to attain desirable results from those obtained after laboratory work.

Table 3: Selected Experimental Variables by DOE.

S/IN | Temperature Contact Ash Initial Removal Desirability
Time, mins | Dosage, g | Concentration, ppm Efficiency, %
1 35.000 42.000 3.000 60.000 85.427 1.000 Selected
2 30.000 24.000 3.000 60.000 83.537 1.000
3 40.000 24.000 3.000 60.000 87.209 1.000
4 35.000 24.000 5.000 60.000 84.309 1.000
5 35.000 24.000 1.000 60.000 81.565 1.000
6 39.585 17.021 4.726 60.000 86.071 1.000

Operating at any selected values in Table 3 will result in better adsorption efficiency as can be observed from desirability
since all have the same desirability. As seen on Table 3, the design of experiment software suggested an optimal cyanide
removal of 85.43 % at a temperature of 35 °C, ash dosage of 3 g, initial cyanide concentration of 60 ppm and a contact time
of 42 minutes. However, a higher removal of 87.21% can be achieved at an optimal condition of 40 °C, 24 minutes contact
time, 3 g ash dosage and 60 ppm initial cyanide concentration. This could be justified by the fact that higher removal is
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achieved in lesser contact time, which is compensated by higher temperature. Thus, the cost of achieving higher purity in
less time could be compensated by a little rise in temperature as compared to the suggested values by the software.

5) Adsorption Kinetics and equilibrium modelling: The applicability of kinetic models i.e. zero, pseudo-first, pseudo-
second order and intra particle diffusion were investigated by measuring the regression coefficients. As depicted in the
Figures 4(a-d), pseudo-second order and intra particle diffusion model best described the adsorption process. This implied
that the adsorption involved chemisorption [47] at a high rate of diffusion of the adsorbate [48] with low mass transfer
resistance on the adsorbent [49], having an impressive adsorption rate as depicted in Table 4. The value of the g; does not
correlate linearly with t, hence intra particle diffusion process could not be the rate limiting step. Accordingly, it can be
concluded that the adsorption of cyanide on iron impregnated palm kernel fibre is simultaneously governed by liquid
diffusion, intra particle diffusion and chemical surface sorption process.

a zero order pseudo first order b
-130 t 2.17
0 20 40 60 — 2.16 y= O.ROZO_0§X9+ 2.11245:?»...._...‘
135 | @ T 215 =09,
w ' S 14 '
7-140 ®
3 .. =213 ¢
-145 ) .9 2.12
y= —0.22978x -133.21 5 25 45
150 R?=0.9431 t
intraparticle d
15 , Pseudo second order p
y =0.0272x + 0.018 2.1 y =25.272x - 37.783
1 R2=0.9999  ..-* -® R?=0.9999
e - 16 .®
= o ° =
05 | L o 11 e
..~' .'..
0 0.6
5 25 45 1.52 1.54 1.56 1.58
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Figure 4: Kinetics modelling of cyanide adsorption by Fe?*-PKFA adsorbent

Table 4: Adsorption kinetic parameters of various kinetic models

Kinetic models Adsorption Parameters

Zero-order R?=0.9431 | Ko=0.2978 min Q.=133.21
Pseudo-first order R?=0.9391 | K;=0.0021 min Q.=133.29
Pseudo-second order | R?=0.9999 | K;=0.0411 g/mg/min Q=36.76
Intraparticle R?=0.9999 | Kt=6.067E03 mg/g/min°®®

To establish the affinity of cyanide on the adsorbent, Langmuir, Dubinin-Radushkevich (D-R), Freundlich and Temkin
isotherm were used to analyse the data obtained from the sorption process. The graphical representation of all the isotherm
models are displayed in Figure 5(a-d). Ironically, all the isotherms have relatively high regression coefficient, pointing to the
complexity of the adsorption process.

The E value for D-R model corroborate the chemical adsorption, depicted by the kinetic model as stated earlier. The low
regression coefficient for Langmuir and D-R suggest that mode of adsorption is not heterogeneous in nature and confirms
the surface homogeneity of the adsorbent. The separation factor (Rn) obtained to be 0.023 indicated that adsorption of cyanide
on Fe?*-PKFA is a favourable process, which corroborate with high Freundlich exponent n-factor.
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Figure 5: Equilibrium modelling of cyanide adsorption by Fe?*-PKFA adsorbent

Table 5: Equilibrium parameters for Cyanide adsorption by Fe?*-PKFA Adsorbent

Two-Parameter Isotherm Model

Langmuir R?=0.9894 K1=0.7194 L/mg Qm=147.86 mg/g RL =0.023
Dubinin-Radushkevich R?=0.992 Qm=138.13 mg/g B =0.0007 J/mol E =26.72 kd/mol
Freundlich R%=0.9975 Ke=11.39 L/mg N =4.5914

Temkin R?=0.999 Kr=63.99 L/g B = 14.47 kJ/mol

It could be observed from Table 5 that Temkin isotherm gave the highest regression coefficient. The variation of adsorption
energy in Temkin model (B) was 14.47kJ/mol indicating that the process is exothermic which was in agreement with the
works of Shahbeig et al., [50] and Chan et al. [51].

4. CONCLUSION

Palm Kernel Fibre considered to be waste was beneficiated, thermally treated and chemically modified to improve its
property needed for cyanide adsorption. The various characterizations of the palm kernel fibre prove the potential of its
applicability. The iron impregnated palm kernel fibre ash was able to adsorb cyanide from the synthesized wastewater and
response surface methodology was used to determine the optimal adsorptive efficiency at varying operating conditions of
cyanide concentration, dosage of calcined Fe-impregnated PKFA, contact time and temperature. Optimal values of 60 ppm,
3 g, 24 minutes and 40 °C respectively yielded a removal efficiency of 87.209 % cyanide removal. Pseudo-second order and
intra particle diffusion kinetics well described the adsorption process, and the Temkin adsorption isotherm gave a 14.42
kJ/mol adsorption energy released by the process.
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