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Abstract Biosorption potentials of activated carbons from
pentaclethra Macrophylla (PMAC) seed shells for the removal of
Pb(ll) from aqueous solution were investigated. The
physicochemical properties of pentaclethra Macrophylla
(PMAC) seed shells were characterized through ASTM
standards for adsorbents tests. The functional groups of the
pentaclethra Macrophylla (PMAC) were investigated using
Fourier transform infrared (FT IR) spectroscopy, morphology
measured with scanning electron microscopy (SEM), oxides
investigated byX-ray fluorescence (XRF) anddiffraction pattern
observed by x-ray diffraction (XRD). Influence of key
parameters such as contact time, pH of pb(ll) solution,
temperature of Pb(ll) solution, adsorbent dosage, adsorbent
particle size and initial concentration of Pb(ll) solution were
studied by batch mode These process parameters were
optimized using response surface methodology (RSM) and
analysis of variane (ANOVA). The significance of the different
process parameters and their combined effects on the adsorption
efficiency were established through a full factorial central
composite design. The results obtained are in good agreement
with published data for other activated carbons as well as
various international standards for water treatment. An optimal
yield of 94.83%was obtained with optimal conditions of solution
temperature, 30C; contact time, 120ninutes; adsorbent dosage,
1.50 g; and pH, 7. The optimiation was performed using the
numerical method of the Design Expert version 8.7.1.0 by State
Ease U.S.A. This investigation has shown thapentaclethra
Macrophylla (PMAC) seed shells from Nigeria can be used for
industries as activated carbon for waste war treatment.
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. INTRODUCTION

health problems. The major source of lead pollution in
wastewaters is discharging of waste stream from acid battery
manufacturing, pigments, metals plating and finishing,
printing, lead mining, metallurgical alloying, gasoline
addifves, cerarits and glass industriegt], [5], [6]. The
presence of lead in drinking water even at low concentration
may cause such diseases as anemia, encephalopgtaiitifie
and nephritic syndromfb]. Excess intake of lead by humans
causes disruptiomithe biosynthesis of the hemoglobin level,

a rise in blood pressure, kidney damage, miscarriages and
abortions, brain damage, and diminished learning abilities in
children. Furthermore, lead is a known carcinofgn These
lead containing effluents, thefiore, must be adequately
treated prior to discharge into receiving water bodies to ensure
good human hedth and environmental qualif$], [7].

Several physicehemical treatments have been used for
removing heavy metals such as ions exchange, chemical
precipitation, coagulation/flocculation, membrane filtration,
solvent extraction, sedimentation, biological operations,
electrochemical processes and adsorption. Most of these
processes are costly and lead to generation of sludge or
formation of byproducts[8], [9]. Among all the techniques
adsorption is more popular due to low operating cost, specific
selectivity of the metals and no productiof secondary toxic
compoundgq10]. Many non conventional adsorbents, such as
agricultural and industrial solid wtes like activated carbon
prepared from Moringa Oleifera, waste fruit cortex, red algae,
coconut husk, tea leaves, cocoa shells, orange peel, maize
cob, olive cake and soyabean h[id] have been studied. Low
cost adsorbents for wastewater treatment rgh@wvn great
prospects as adsorbents due to their renewability, natural
abundace, low cost and eefviendly [11], [12].

Pentaclethra macrophyll@M), is a multiusage tree from

I n recent yearsantamination of the environment from a africa and belongs to the leguminous family; samily of
variety of sources has become an increasingly serioynimosoideae found astly in tropical Africa. It has been
problem. Rapid industrialization has led to increasedtivatedin Nigeriasince 1937. The tree grows to about 21m

disposal of heavy metals into the environment. Heavy metalg, height and about 6 m in girth. Pheeds are eaten in the
such as lead, copper, cadmium, zinc and nickel are among & m of salad acrss different African countrigd.3]. It is used
most common pollutants found in industrial effluents. Thesgys fooq, salt substitute, ethoil, seed craft, dye, fencing and
metals, if presertieyond certain concentration can be toxic ©0pajings, charcoal, carving bowls, medicine for convulsion,
organisms, including humans can be tox& organisms, jiching, lactogenicity and ornamentdld].

including humangl], [2]. Heavy metals cannot be degraded |, this study, response surface methodology in combination

or rapidly detoxified biol_ogicall3{3]. Lead is .the one of the \ith central composite design was appliedoptimize ad
most toxic pollutant which causesere environmental and
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evaluate interactive effects of adsorption independerdctivated carbon (g) and is the volume of th@b(ll) solution
variables.The response surfaceethodology (RSM) is being (L).
proposed to determine the influences of individual factors and
their interactive effects in the search of the optimumC) Pysiochemicakharacterization of the activated carbon
c?ndlthrgls for deswfib retzﬁpt?lnsesBy tdhese,t .the Tter?cnor:s The physicocherital properties of Pentaclethra
ol possibie parameters thafirence adsorptioln treatmen macrophyllaactivated carbonRMAC) wasdetermined using
efficiency could be evaluated with a limited number of ;

. . . methods described §$5].
planned experiments using the RSK.central composite
design (CCD) was employefor this optimizdion usage of )y |nstrumental Characterization

the response surface methodology (RSM). ) ) -~
The surface dnctional groups on PMAC eve identified

Il. MATERIALS AND METHODS using FTIRspectrophotometer with model numlisghimadzu

FTIR 840Q the surface morphology of the activated carbon

A) Materials (PMAC) was examined with SEM microscopy with

identification number Phenom ProxRD diffractometer wih
Pentaclethra macrophyli@®M) seed shells wereollected R

from oil bean sellers aEke Awka marketin Anambra
reagentsaand Pb(NQ), salt were obtained froniHeal Bridge
Onitsha in Anambra State, Nigeria.

the diffraction patternrad inter planar spacing of PMA®Ith
Cuky radiation having a scannirgpeed of 8000deg/min and

B) Methods number municipal 4 wassed to exmine the chemical groups

andoxides present in the activated car§pMAC).
De-ionized waterof pH 7.0 was used to wash the seed

shellsto remove dirt and other surface adhere particles, and) Design ofExperiment

then dried at 11 for 12hours to olain a constant weight.

Dried PM seed shells werergund and sieved to-13.0mm

particle size and stored for further u3éne dried PM seeds

shells were soaked in 60%P0, at room temperaturfor 24

hours and carbonized at 773&r 90 minutes using muffle

furnace with identification model numbe$X-2.510. De-

ionized water of pH 7 was used to wadte tcarbonized

samplesn order toneutralizethe acidic content present in the

adsorbent urttit reached th@H of 7, drainedand dried in an

oven attemperature 378K for 240minute§he activated

carbon (PMAC)roducedvaskept in a desiccator farooling

to room temperature, sieved to differeadsorbent particle

sizes and finally keptin an air tight container forthe

adsorption study. w - 3)

A stock solution of 1000mg/L Pb(ll) was prepared from Y

Pb(NQ,), salt.0.1g of the lead was dissolvetth deionized Wherex; i coded value of” variable,X;- un-coded value of

water in 1000ml (1 litre)get a lead solution of 100mg/ the I test variable and, - un-coded value of the™ test

Other concentrations of Pb(ll) solution used in thevariable at center point.

experiments were prepared by appropriate dilution of the The factors levels with the correspondirenl values and

stock solutionsThe experiments were perfoed byputting a  the design matrix are shown in Table The matrix for the

known dose of adsorbents1@0 ml stock solution of lead at four variables was varied at five leveldJ;1 , 0, +1,

conditions.The experimental esign employed in this work
was a central composite design (CCD) a-texelfour-factor
(2*+ 2 * 4 + 6), including 30 experimentSemperature, A,
contact time, B, adsorbent dosage, C, solution PHyere
selected as independent factdos the optimizabn study.
The response chosen was thasorption dficiency obtained
from the adsorption Pb(Il) orPentaclethra macrophylla

variables wer@eterminedising euation 3:

rlh

stirring speed ofL20rev/min for the treatmentAfter some  As usual, the experiments were performed in random order to

time of treatmentthe Pb(Il) solution wasfiltered and the avoid systematic error. The regression analysis wdsnpesd
concentration of the residue wamsted using Atomic to estimate the response function as a secoder
Absorpton  Spectrophotometemith identification model ~Polynomialusing Equation 4

number of AA 220FSThe amount oPb(ll) uptakeper unit

mass of activated carbon (mg/g) and percentagmved(%) ® T B 1w B 1T ® B y B T oo
weredeterminedvith equationl andequation2: @

A (1) WhereY is the predicted respond®, ;, by dve coefficients
estimated from regressionThey represent the linear,

quadratic and interactions of the independent variables on the
0AOAARAACAAAA pnm 2) responseSelection of levels for each factor was based on the

experiments performed to study the effects of preces

variables on the application of activated carbon for adsorption

Where C, and C is the Pb(ll) initial and final of Pb(Il) as shown in  Table 2
concentration in the solution (mg/L) W is the weight of
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Table 1:Independent variables and leveted for response surface design

Independent variable Symbol Range and Levels
-U -1 0
Temperature®C) A 20 30 40 50 60
Contact time (mih B 30 60 90 120 150
Dosage (g) c 0.38 0.75 1.13 1.50 1.88
SolutionpH D 2.5 4.00 55 7.0 8.50

Table 2:Experimental set up for-vel4-factor response surface design and the experimental and predicted values for Pb(ll) removal by PMAC

run Terpgtzra\f;ture, Conmt%ct(;)lme, Adsog?lte(rg)dosage (pDI-; Adsorption Efficiency(%)
No. Coded Real Coded Real Coded Real Coded Real Experimental  Predicted
values values values values values values values values values values
1 -1 30 -1 60 -1 0.75 -1 4 80.20 80.57
2 +1 50 -1 60 -1 0.75 -1 4 86.10 87.07
3 -1 30 +1 120 -1 0.75 -1 4 83.01 83.13
4 +1 50 +1 120 -1 0.75 -1 4 87.40 85.85
5 -1 30 -1 60 +1 1.50 -1 4 78.00 79.45
6 +1 50 -1 60 +1 1.50 -1 4 88.50 88.13
7 -1 30 +1 120 +1 1.50 -1 4 86.10 86.03
8 +1 50 +1 120 +1 1.50 -1 4 90.40 90.93
9 -1 30 -1 60 -1 0.75 +1 7 76.00 75.92
10 +1 50 -1 60 -1 0.75 +1 7 86.10 86.10
11 -1 30 +1 120 -1 0.75 +1 7 79.30 79.60
12 +1 50 +1 120 -1 0.75 +1 7 87.01 86.01
13 -1 30 -1 60 +1 1.50 +1 7 76.30 77.78
14 +1 50 -1 60 +1 1.50 +1 7 89.80 90.13
15 -1 30 +1 120 +1 1.50 +1 7 86.00 85.48
16 +1 50 +1 120 +1 1.50 +1 7 94.50 94.06
17 -U 20 0 90 0 1.13 0 5.5 77.20 75.87
18 +U 60 0 90 0 1.13 0 55 90.00 90.95
19 0 40 -U 30 0 1.13 0 5.5 77.20 75.32
20 0 40 +U 150 0 1.13 0 55 80.30 81.80
21 0 40 0 90 -U 0.38 0 5.5 82.29 82.91
22 0 40 0 90 +U 1.88 0 55 90.85 89.85
23 0 40 0 90 0 1.13 -U 2.5 92.00 91.47
24 0 40 0 90 0 1.13 +U 8.5 89.80 89.95
25 0 40 0 90 0 1.13 0 55 92.00 93.50
26 0 40 0 90 0 1.13 0 55 93.00 93.50
27 0 40 0 90 0 1.13 0 55 94.00 93.50
28 0 40 0 90 0 1.13 0 55 94.00 93.50
29 0 40 0 90 0 1.13 0 55 94.00 93.50
30 0 40 0 90 0 1.13 0 5.5 94.00 93.50

the adsorbentvere due to the activation process used which
involved H;PO,. This was due to the pyrolytic effect where
most of the organic substances have been degraded and

discharged as gas and liquid tarsvleg a material with high
Physicochemidacharacteristicof the activated carbarthe  carbon purity[16].

results of the physiochemical characteristics of the adsorbent
are presented in Table Bhysicotiemical properties describe

lll.  RESULTS AND DISCUSSION

A) Characterization Results

the suitability of an adsorbent for an adsorption procEss. Table3: Physical Poperties of the Activated carbon
major characteristics (surface area, total pore volume, iodine
number, moisture content) are in good agreement with the Parameter/Adsorbents PMAC
standard From Table 3, it was thaturface aea, total pore Ash content (%) 5.87
volume, iodine number, moisture content, bulk density and Surface area (ffg) 954.56
ash content of the PMAC were 954.56/qn 2.42, 764.53 Bulk density (g/cr) 0.43

Total pore volume 2.42

mg/g, 3.63%, 0.43 g/cmand 5.87% for Pentaclethra
Macrophylla acid activated carbon (PMA The high surface
area and pore yome and volatile matter content decreased of

lodine number (r/g) 764.53
Moisture content (%) 3.63
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B) Instrumental characteristics of the activated carbon stretch in carboxylic acids. The bands at 1985 and 1874 cm
FTIR Spectra were attributed to the aromattombination while the peaks at
1607 and 1433 cthwere assigned to MM blend in amines
The FTIR spectra of activated carbon wecarried out. and OH blend in carboxylic acids. Other significant band
Fig. 1 shows he FTIR pectrum pattern of PMAGvhich — positions of PMAC are noted at 2780 tntindicative of
indicatesa number of absorption peareflecting the complex methylamino, NCHs, C-H stretch), 228 cmi* (suggestie of
properties of the adsorbentsdsorption in the IR region takes aliphatic cyanide/ nitrile), 2085 cnt (associated with
place because of rotational and vibrational movements of tHeansition metal carbonyl), 1316 and 1101 'c(representing
molecular groups and chemical band of a moleflife FTIR ~ C-C stretch skeletal vibrations), 768 ¢rdue to GH bend
analysis of carbon was done to predict thecfional groups [mono] in aromatics), 928 cfn(representing cyclohexane
of the activated carbons from PMAC for the adsorptionring vibrations)
processThe peaks at 3926, 37%hd 3628 cni areattached EM Mi h
to O-H stretch in phenol and alcohols. The peaks at 3410 an% icrograp
3235 cm corresponded to the bondé®H groups, while Fig. 2 shows theScannig Electron Mcrograph(SEM) of
those arand 3012 and 2902 ch were assigned to C=H PMAC. The micrographseemsto be rough with spongike
stretch in alkenes and-& stretch in alkanes respectively. The protrusians quite prevalent in activated carbditigh levelof
peaks at 2677, 2566 and 2428 twere assigned to-® porosity was observed on the PMAC showing thia¢
activated carbois very porous.
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Fig. 1. FTIR spectra for the activated carbon (PMAC)

Fig. 2: SEM micrograph oPMAC
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Fig. 3: XRD of the activated carbon

XRD Specta The analysis of variance indicatedaththe quadratic
polynomial model was significant and adequate to represent
the actual relationship betweeadsorptionefficiency and the
significant modelariables as depicted by very smalgue
§0.0001).The significance and adequacy of the esthblis
odel was further elaborated by high value of coefficient of
determination (B value of 0.9783 and adj. R value of
Evaluation of regression model forPb(ll) adsorption 0.9580. This means that the model explaina83% of the
efficiency variation in the experimental data. The adequate correlation

between the expinental values of the independent variable

The correlation between the experimental process variablpa%d predicted values further showed the adequacy ®f th
and the adsorptiorefficiency was evaluated using the BC model as illustrated in Figh Y

modeling technique. Second order polynomial regression
equation was fitted betweernthe response (adsorption Response Surfacedfimation
efficiency, (Y)) and the process variables: temperature (A),
contact time (B), adsorbent dosage (C), and solution pH (D
From Table 4, the ANOVA results showed that the quadrati
model is suitable to analyze the experimental data. The mod
in terms of the coded s of the process parameters is
given by:

Fig. 3 shows he Xray diffraction (XRD) profiles of
PMAC. The XRD spectrum of thactivatedcarbonasshown
indicates thebroad peaksThese broad peaks indicatiee
presence of high content of amorphous form of carbon an
little amounts of crystalline materials in the adsorbent.

The interactive effects of the process variables on the
ercent metal ions removal efficiency were studied by
‘otting three dimensional surface curves against any two
Independent variables, while keeping other variables at their
central (0) level. Th&D cuves of the respons@dsorption
efficiency) from the interactions between the variables are
Y =93.50 + 3.77 A+ 1.62 B + 1.731C0.37D1 0.94AB + shown in Figure 6 to 10. The response surface curves were
0.54 AC + 0.92 AD + 1.00 BC + 0.28 BD0.74CDi 2.524° plotted to understand the interaction of the variables and to
i 3.735 B- 1.78C?i 0.7(D? (5) determine the optimum level of eaghriable for maximum
response. The elliptical shape of the curves indicates good
To develop a statistically significant regression model, thdénteraction of the two variables and circular shape indicates no
significance of the regression coefficients was evaluatethteraction between the variabl@he curves obtained in this
based on the -palues. The coefficient terms withvalues study showed that there is relative significanteraction
more than 0.05 are insignificant and are removed from thbetween all the variables. Optimum conditions of Phb(Il)
regression model. Thenalysis in Table 4 shows that all the removal by activated carbon were also obtained from the
linear termssave solution pHall the quadratic terms, and the response surface plots.
interaction terms of temperature atwhtact timetemperature The stationary point or central point is the point at which
and solution pH contact time and adsorbent dosaged the slope of the contour is zero in all diiens. The
adsorbent dosageare significant mdel terms.The model coordinates of the central point within the highest contour
reduces toequation 8 after eliminating the insignificant levels in each of the plots will correspond to the optimum
coefficients. values of the respective vables. The maximum predicted
Y = 93.50 + 3.77A + 1.62B + 1.73C0.94AB + 0.92AD + metal ionsremoval is indicated by the surface confined in the

. 2w N 5. 2 smallest curve of the contour diagraithe optimum values of
1.OGBC+0.74CDT 2.52A%1 3.785B 1 1.76C°1 0.7(D the variables were: temperature,OOG; contact time,

(6)  87.83mins; adsorbent dosage, 1g3R2 andpH, 6.04
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Table 4:Analysis of variance (ANOVA) for the fitted quadratic polynomial model

Sourceof variables Coefficient Degree of Sum of squares  F-value P-value (Prob
estimade freedom >F)
Model 93.500 14 1061.55 48.30 < 0.0001
A-Temperature 3.771 1 341.26 217.37 <0.0001
B-Contact time 1.622 1 63.12 40.20 < 0.0001
C-Adsorbent dosage 1.733 1 72.11 45,93 <0.0001
D- Solution H -0.379 1 3.45 2.20 0.1589
AB -0.944 1 14.25 9.08 0.0087
AC 0.544 1 473 3.01 0.1031
AD 0.920 1 13.54 8.63 0.0102
BC 1.005 1 16.16 10.29 0.0059
BD 0.281 1 1.27 0.81 0.3834
CD 0.744 1 8.85 5.64 0.0314
A? -2.523 1 174.53 111.17 < 0.0001
B? -3.735 1 382.63 243.72 < 0.0001
c? -1.780 1 86.90 55.35 < 0.0001
D? -0.698 1 13.34 8.50 0.0107
Residual 15 23.55
Lack of fit 10 20.05 2.86 0.1285
Pure Error 5 3.50
Cor. Total 29 1085.10
Std. Dev. = 1.253; Mean = 86.512; C.V.% = 1.45; PRESS0582 R = 0.9783;
Adj. R?=0.9580; Pred. R= 0.8889; Adeq. Precision = 21.157
Predicted vs. Actual
95.00 —
m -4--
= m
90.00 —| B8 =
=)
B g
% 85.00 —| =
)
o ==
=
80.00 — - = =
]
] ||
75.00 —] L
75.‘00 80.‘00 85100 QOﬁOO 95ﬁ00
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Fig. 4: Plot of the predicteddsorptiorefficiency verss the actual experimental value
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The predicted response value Bb(ll) removalat these and the experimental values were in reasonable agreenfent (R
optimum values was 95.%8 To confirm this optimum close to unity), which means that the data fit well with the
values, experiments were performed at these values and tmodel and give a convincingly good estimate of response for
experimental response value PI(ll) removalwas 94.83%.  the system in the rapgstudied. In addition, investigation on
This showed that the model correctly explains the influence afesiduals to validate the adequacy of the model was
the process variables on tR(Il) adsorption from agueous performed. Residual is the difference between the observed
sdution by PMAC. response and predicted response. This analysis was examined

The lack of fit test with pralue of 0.1285, which is not using the normal piubility plot of residuds (Fig.5) and the
significant (pvalue >0.05 is not significant) showed that theplot of the residual versute normal probability plot of the
model satisfactorily fitted to the experimental data.residuals shows that the errors are distributed normally in a
Insignificant lack of fit is mostly needed because significanstraight line and insignificant.
lack of fit indicates that there might be contributions in the On the other hand, the plot of residuals versus predicted
regression response relationship that is not accounted for bgsponse showed arwstture less plot suggesting that the
the model. The predicted values versus actual values for timodel is adequate and that the model does not show any
Pb(ll) removal with adjusted Rvalue of 0.9580 shows the violation of the independence or constant variance assumption
modelwith 95.80% of variability (Fig4). The predicted value hence conforming to the literatulog [18].
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