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KINETICS AND THERMODYNAMIC STUDY OF BATCH ADSORPTION REMOV 4y,
OF HEAVY METALS IN A SYNTHESIZED EFFLUENT USING RAWAND

ALGINATE-FUNCTIONALISED SHEA HUSKS

M.D.Yahya', LA.Mohammed-Dabo’, A.S.Ahmed™ and A.S Olawale’
'Department of Chemical Engineering, Federal University of Technology, Minna, P M.B 65. Minna, Niger State,
Nigeria,
*Ahmadu Bello University. Zaria. 810261, Nigeria.
Corresponding author e-mail: muibat.yvahyae [utinina e g

Abstract

In this study. adsorption of svnthesised solution lead (Pb" "), copper (C w' ), cadnmium { Cd’ ) and nickel (N© ) ong
raw shea butier husk (RSBH) and modified shea buiter husk ( MSEHJ was investigaied. Fourier ransforat ijrare
spectroscopy (FT-IR}, scanning electron microscopy coupled with energy dispersive analyzer ( SEM-EDAX). and
Brunauer-Emmeui- Teller (BET) surface area analyzer were used for characterizalion of the adsorbents. FT-ji
revealed that the -COOH-, -NH,- and —QH- are the major functional groups responsible for the sorption. The SEM-
EDAY morphology indicated the presences of pores, cavities and the appearance of the metal ions after sarpting

Batch adsorption study on effect of contact time and kinetics study on the sorption variations of the metal fons were
analysed Pseudo-second order equation gave q. .., of amount adsorbed of 23 73 mg/g as against § rexp, of 13 94
mg g on sorption of RSBH on Pb (ll). Pb (1} recorded the highest perceniage removal {90%) Jor all sorbens
indicated The highest amount adsorbed for most of the metal ions was achieved within a contact time of 3 mines

Thermodvnamic parameters were evaluated and negative value of free Gibbs energy ( A -0 37 and -1 46
KJimol-1 was obtained for RSBH-Cu and RSBH-Ni respectively, and (-23.56. _32.43 and -0.034 ) for all modified
samples with exception of Ni (11} . This depicts the reactions as feasible and spontfaneons.

1.0 INTRODUCTION
The recent advocacy on the agro-alimentary and solid mineral industry to be one of economic motor for sustainable

development has brought about growth in the small and medium enterprises from these sectors. Mining industries
form a large percentage of the small medium enterprise because of the feasibility of starting i I IO IR S0 T
like Nigeria, The blacksmith and miners are majorly the artisans” involved in the processing ol these natural
substances. The ores of these minerals are heavily bonded with other compounds and the extraction processes are
carried out in immediate environment or communities where their deposits are found. The resultants are the
contamination of the soil, plants and water body. These contaminants range from pathogens, heavy metals and
suspended solids amongst which of devastating effects are the heavy metals.

Heavy metals are highly toxic to the environment and constitute serious health effect to the ecosystem and man
(Ahmad and Havdar. 2016). Johnson et al.. 2008 categorized eleven (11) outl of twenty (20) known heavy metals as
hazardous. They are cadmium (Cd). selenum (Se). mercury (Hg), uranium (U) chromivm (Cr), ame (£n). arsenw
{As). lead (Pb). cobalt (Co). copper (Cu). and nickel (Mi). Smedley as cited in Podder and Majunder. (2016) gave
some of their increase in the environment to be as results of both natural and anthropogenic sources: examples of
natural sources to include: volcanic emissions. forest fires, and weathering reactions (Tchounwou er al. 2014)
Ahalya el al. (2005) gave examples of anthropogenic sources as smelting of irons, mining, electroplating.

jeatherworking. sludge disposal and so on.

The presence of these metals in our environment has negative impact on human health: plants that are grown on this
contaminated soil can accumulate the excesses of these metals and it consumed by man and animals can be
transferred to them Furhermore, they are toxic. non-biodegradable and persistent in nature (Larous er af {2003)
Recently, Nigeria recorded acute lead poisoning i as a result of mining activities in Zamfara State 2010 {Yahyva et
ul. 2013) and in Niger State in 2015 hup//med icabpress.com/news/2015 05 poisoning children central

210]
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i e e.cll'jrely reduce the concentrations of these h
pn:mpniumn {(Mishimura & Umetsu 2001 as cited b 1y Fels. diferont
2016). filtration {Brandhuber and Amy 1998) Y

technologies such as ch
o ; . ermical
er and Majumder, 2016), ion exchange (Figueiredo ef al.,

TEVErse 0smosi
(Blanes ef al., 2016) have been employed. However, th mosis (Bhausaheb er al., 2011), electro dialysis techniques
4 er. these processes are expensive, need high energy requirements

and sometimes generation of secondary sludge which als i

possibility of developing low cost wastewater treatme e dlgpm&lchn'll:ng-:s g
oroRLER: B 10 8 rikbarhers intoBimssenti _'“ l'ﬂallerlais from low cost agrweulural wiste matenals has
16, Matin-lara et al., 2016). The use o;P 01-1 techniques in recent times. (Benerjee er al. 2012, Amimia of ol
cassava waste biomass (Horsfall and Abi ;S""-“'l'-"ﬂl i A I 0, T AN D
e S ia. 2004) gnd defatted papaya seed (Gilbert ef al.. 2010 to mention a few. in
§ SOHY s Ihe seanovel of beard sei pom:i. This Shlld:f Strtkto use an agricultural wastes matter (shea butter seed
the batch modes of sorption. This d'; siechimk. 5 Ok Dk el e, Aret [ o Sy iieliv. TS e T
i : _ : |_ers from previous studies because of the modification using caleium alginate

ed sorptive sites and also simultaneous removals of other competing heavy metal ions.

The kinetics and thermody namic adsorption rate was evaluated as well.

2.0 MATERIALS AND METHODS

I'he swck_sul.uliuns containing Cd. Cu, Pb and Ni were prepared by dissulving known mass of cadmium. copper.
lead and zinc nitrate salt, 3CdS0.-8H:0, CuCly.2H:0, Pb(MO;); and NiCl 6H.0 in distilled water. All the reagents
used for analysis were of analytical reagent grade The metal concentration was analy zed by fast sequential atomi
absorption spectrometer with auto sampler Varian SPS3. SpectrA A 240 FS. {(Varian. England)

Fresh shea butter fruits were collected between the month of July and Augus from Gidan Ksanu farmbnd n Nieer
state. Nigeria. The fruits weighing approximaiely 1 kg were washed thoroughly with watcr followed by distilled
water 1o remove impurities like dusts and inorganic matters from the surface. After washing. de-pulping was camied
out to remove the fleshy mesocarp. This was followed by drying in an oven for 48 hrs al a temperature ol 50 “C to
79%. The drying process tacilitates de-husking. which helps to remove the
5 the oil. The dreied husks were crushed with a jaw crusher and sieved
250 um particle sizes. The particles were then stured
hea butter husks (RSBH).

reduce moisture content 1o as low as 6-

hard shell covering the endoderm that contain
r to obtain a powder less than

using an electrical sieve shake
This sample was called the raw §

polyethene bags for further use.

Msh, g ol godium algmats wis dissolved into THEml ol distilled wate

re of 65 °C (Fiol et al.. 2006). The dissolved jelly dike solution wias
cooled down to room temperature (27 +2 L A2
the most ellicient for the encapsulnion

o prepare madified shea butler husk (
kept on hotplate magnetic stirrer at @ temperd

continuously stimed at upprmimaic[:,.- 100 rpm until i T.uns . >

ol shea butier husk was chosen a8 it was found 10 he . - i

.2{,{)3 Escudero, &/ al.. 2006). was added nto the jelly-like solution under an ntense agiatvn
+Es ; .. 2006). j

h eneous mixure of alginaté and the husk particles. The misture was carefully
B e brd ter 0.2 mm syringe into a solution of 0.1 M calcium chloride. The
= = dlaln:: 'm'b:-:-u'.-.: ] ;'L11'n1 heads (bohurmumbadi et al . 00T The envrappeed
. red in the CaCl- solution for 24 hours. The cmerging hand

dified shea butier husk

fwiv ) composition
procedure iliol et al..
at 150 rpm in order 10
added drop wise through

ns in the miture wrapped up
(CA) beads was ¢l

RsBH now called mo

algmate chai
RSBH with the calcium alginate
spherical beads of 2 % (wiv} ol

(MSBH) were filtered and thoroughly
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Ca®* ions and stored in a refrigerator at around 4

TS _ _
3.0 CHARACTERISATION OF THE ADSDRBEH.I g PMP¢ﬂ|35 The functional groups ofithe i
1 anou i N : A
Raw shea butter husks and cake were characterized for v - (84005 Schimadzu. Japan
were determined using the Fourier transform-infrared st‘:“_'“phﬂm:;zitd it Bt FeSonitEn e
morphology of the sorbent at the rw state and after adsorption Wis
n$
microscope, The BET test for RSBH and for the loaded metal 0 N alysis
analyzer (NovaW in Quantachrome, 2013) for surface area and pore
3.1 Batch Adsorption Procedure
The measurement of metal ions uptake onto shea b .
determined by batch adsorption technigue using a mul_h. .
o303 21K (Akhtar ef al.. 2010) 1o obtain rate and equilibriu

32 Effect of contact time , .
: : ilibri as it determines the -
The rate at which adsorption takes place is very important in &qu jlibrium study Saturation pog,

The experimental runs were performed on each adsorbate at higher Gﬁ““_‘“m“““ I“'f 250 mg/ l This was chygg, i
order to account for highly polluted effluents. 50ml of the adsorbate solution was introduced ""_"3 a flat battom g
with capacity 250 mi containing 40 beads of the MSBH and 0.5 g for RSBH. These WEresagRute] A approving,q
200 rpm and filtered at fifteen minutes time tervals (0-240 mins). The concentration in the liquid phage -
analyzed using the atomic absorption spectrophotometer and sorption uptake and percentage removal caleulaeg i

%
g, =(C, _C‘)E

Lk llh"-'I"'-:u.
Ftll he '1L||r1a':r

g e
(Cu 11 and Cd (1)) was done Using

LT

he RET

utter husks {(RSBH) and modified shea butter husk WSHHMW
-purpose flask shaker at a speed of 200 rpm and T““mem,,;e
m data (Lugo-Lugo ef al.. 20047,

3.0

o6k =S =Ce x100 ‘ (32)

C,

where, q. is the sorption capacity, (mg/g), V is the volume of the solution in liter (L} and N is the amount of beags
or weight of adsorbent in (g) when the raw sample is used. % R is the percentage of the metal removed

3.3 Effect of temperature
The effect of temperature on the sorption of metal ions unto the biosorbent was studied by measuring out 5me
the adsorbate solution into flask contaming 40 beads of the MSBH or 0.5 g of RSBH. These were aguated for 12
minutes at a speed of approximately 200 rpm. 27 *C (300 K) and then filtered. The procedure was repeated at40°C
(313 K). 30 °C (323 K) and 60 °C (333 K). The thermodynamic parameters. heat of adsorption, AH. entropy. 35wl
free Gibbs energy. AG for the adsorption process were obtained trom the relation:

ﬂH'ﬂ M"
K =——
“" RT R 1
and AG" = -RTInKc 13.4)

A plot of InK, (gJ/C) versus I/T (K) should yield an equation whose slope is AH and intercept is 4S {Naga vl
2009).

where, K, is the equilibrium constant; Ris the universal gas constant{8.314 J/mo| KY. and T (K) is the absolute
temperature, Q. Is sorption capacity (mg/g), while C, is the equilibrium concentration (mg/L) in the solution.

o : M
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40 RESULTS AND DISCUSSION
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Figure 4.1: FT-IR Spectra of raw shea butter husk (A} and Ph-loaded sorbent {(B)
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4.2 The effect of contact time
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Figure 4.4: Amount adsorbed of Pb (II), Cu (M), Cd (I) and Ni (1l) by RSBH at varving Time
(mass of sorbent=0.5 g, V,,=50 ml, agitation speed 200 rpm, concentration 250 mg/L)
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the sorbent to bio-degradable substances because of ils biological ongin All this are offered 10 the sorbent dupy,,

adsomtion (Khoo and Ting, 2001 Mata ef af.. 2009).

4.3 Kinetic studies

Kinetics studies of adserption of various metals ions on the sOrbeNts wo EiEEISie
Pseudo-second-order and Weber-Mormis equations. The experimental data were _us:d w detenmmme (he e
controlling mechanism of the adsorption processes. Their conformity with model-predicted values was expressed by
correlation coefficients (R?) and the root mean square error (RMSE) detemmined.

4.4 Pseudo-first-order model 3

Kinetics study of the sorbents with the sorbates at varying time intervals and cancentrations of 2517 me /L was varieq
The B? values were in the range of 0.1526-0.6333 was low for the two sorbents while the RMSE u:un:lre. hugh in the
range of 0.2522-1.6919 (see Table 4.1). The model which is based on diffusion process as the rate limiting somption
step was unable 10 describe the somtion process in the studied time range. The rate constant. k| |_.~: extremehy bow ne
most of the surbents-sorbates process. Kosasih et al. (2011) stated that higher Ky values results in shofer lumes for
the system 10 reach eguilibrivm As a result of this, calculated amount adsorbed. (geane ) does not cqual the
experimental amount adsorbed (qee,). Studies such as Hansen et al, (2010) reported lower correlation coeflicient in
adsorption of Cu (II) onto agricultural waste: Ibrahim et af. (2010) also observed low correlation coefficient of Ph
(1) sorption onto modified soda lignin.

d with the Pﬁﬁudﬂaﬂrﬁt_nrd:r_

Table 4.1: Pseudo-first-order parameters of RSBH and MSBH

Sorbent Qercaic) Qeesp ) K R” RMSE
(mg/g) (melg) {min’")

RSBH-Cu 22637 10,9796 00027 (2. 2349 (13435
R5BH-Pb 1.7783 239576 00014 0.1526 02522
RSBH-Cd 38289 10.0798 0.0023 0.0771 0. 4663
RSBH-Mi 20177 1.3317 -0.0069 0.4926 03415
MSBH-Cu 76199 95,5733 0042 03519 [ 601G
MSBH-Ph 330337 |82.6202 00127 L6333 116643
MSBH-Cd 34.3022 1068524 00153 1. 7685 (4922
MSBH-Mi 6.0142 16.1035 ooz (0338 B33

4.5 Pseudo-s econd-or der model

The pseudo-second-order assumption as proposed by Ho er al.. {2000} assumes that biosorption s in two distindt
phase: in the first phase reaction is usually very fast while in the second phase it takes longer exposure time {Perel?
and Cinteza as cited i Khomambadi, er al., 2011} Majority of the sorbent-sorbate mieraction tollows this
assumption with over 80 % having correlation above 09 The caleulated g, almost equals the experimental ¢ [t was
also observed that the initial sorption rate, /i was higher for the modified sorbents than for the raw sorbents. The
may be attributed fo the calcium alginate used for entrapping the sorbents. Comparing the initial rate of sorption vl
cach metal to the modified serbents showed that Pb (II) was the highest (see Figure 4.6 & 4.7) followed by Cd (1D
with the lowest to MSBH-Cu (II). Authors that have reported coefficient of correlation greater than 0.9 o mention 3
few are Wang er af . (2011): Colak er al. {2011} : Mahmood ef af.. (2011} on sorption of heavy metals on different
adsorbents

Nigerian Socuetv of Chemical Engineers Abua 2016 12 16|
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Figure 4.6: Pseudo-second-order plots of Pb (IT), Cu (I}, Cd (I, and Ni (I adsorption by
RSBH at 250 mg/l.

16

14 <]
M=

12 7 _——R?-Ni= 0.9255

10

t/qt

3 ke B O 0O

] . _R*-Cu=0.8183
g B RE-Cd = 0.9875
72 gBo— e il

g 50 100 150 200 250 300
Time (minutes)

H'\

.\.

4

- MSBH-Cu & MSBH-Pb MSBH-Cd EMSBH-MI

eudo-second-or der plots of Pb (i, Cu (I, Cd (M), and Ni (1) adsorption by

Figure 4.7: Ps
MSBH at 250 mg/L.

Table 4.2: Pseudn-secnnd-nrder parameters of RSBH and MSBH
h R RMSE

k

Sﬂmfn[ Q€calc ) Q€exp ) .
(mg/g) {g/mg min}

(mg/g)
— e oR2 10,9796 00159 ~1.5305

RSBH-Cu 9 8260

{mg/g.min)

1 9aM3 1 1044

RSBH-Pb ~ 23.74H 239576 L0740 ETRIEY 0.9994 V.U83 |
RSBH-Cd 10,3400 10,0798 0.0161 17215 0.9417 L4142

B e
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—

R RMSE

; |
Sorbent :I :,E:; ; : :g;;; :ggjmglmin} {]mg,rg s | 3
RSBH-Ni 13132 339 e 51489 0.9734 61134
MSBH-Pb 185731 1826202 0.0010 35,8492 0.9960 0.0236
MSBH-Cd 1067330 106.8524 k! 1430690 09875 0.0620
MSBH-Ni 162183 16,1035 -0.0041 1.0766 0.9255 | 2998

4.6 Weber-morris intraparticle diffusion model : . y :
Kinetic data for Pb (1), Cu (1) Cd (11} and Ni (1) were carmried out on all the sorbents Lo est lor this model The
somtion of these metals on MSBH can be seen on Figure 4.8 If the plots qt versus t*0.5 passes through the origin.
then the intra-particle diffusion is the rate-limiting step during sorption processes, it it does not pass through the
origin, it may be combination of several steps like the film diffusion with the pore diffusion or any of the steps
enumerated (Weber. and Morris, 1963). The experimental data exhibited a multiple of linear plots meaning thay
more than one steps influence the sorption process. This implies that the process occur in various stages as they all
had a distinet y-intercept (Chen er af., 2013). The first portion is the diffusion of the metal ions to the film boundar,
of the sorbents (Ugurlu er of., 2005 as cited by Zulfikar et al.. 2013). This indicates the thickness of the boundan
laver when extrapolated 10 the v-axis as the intercepts (see the black amows on the Fig 4.8). Higher intercepts
implies higher boundary layer thickness (Laskhmi et af., 2009). This can be be indicated tor example with Ph (I
having the highest intercept of 22.59 while Ni (1) has the lowest of 4.84. The raw sorbents all had lower film
diffusion with Ni (11} almost starting at the origin. Contrarily. the film diffusion stage was much higher for the
modified sarbents (see Fig 4.9) the second linear portion is the gradual equilibrium stage dominated by intra-
particle diffusion as a result of the near saturation of the metal ions on the exterior then the metal ions molecular
enters into the pore within the particle and is therefore adsorbed in the interior surface. As the molecular metal wns
diffuses into the pores of the sorbents, the diffusion resistance increases and consequently this decreases the
ditfusion rate (Runping er af, 2008) ; the third portion is the final equilibrium stage where the intra-partcle hegins
to slow down. '
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Figure 4.8: Intra-particle diffusion model plot for the adsorption of Cu(, P, ¢ i RSBH
at concentration of 250 mg/L and 300 I\. » Cd(in) and Ni¢Ily on
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Figure 4.9: Intra-particle diffusion model plot for the adsorption of Cu (1} RSBH and
MSBH at concentration of 250 mg/L and 300 K
4.7 Thermodynamics Study

Tahle 4 1 gives thermodynamic perameters of the sorbents onto the metal species at various temperatures. There is a
reductinn in “fr & which % the adsorption affinity as temperature increases 2% K hetire pormaliving ar hiche
temperature. This suggests that the reaction may not be favoured by rise in temperature. Although, there was slighily
increment in the Gibhs free energy as temperature rises. it indicates the spontancity of the process (Khan of if
2011), Bulgariu and Bulgariu. (2012) in his study of heavy metals removal onto algae wasie biomass also ubser ed

decrease in capacity as temperature rise.

Table 4.1: Thermodynamic parameters of Pb{Il). Cu (i, Cd (1) and Ni (I} serption

Samples TikY WGR Emoel VR ol T e ool TR
313-333

RSBH-PB 313-333 1206 Ay ANAKET Y
RSBH-Cu 313-333 -RL37 1 635 026200
REBH-Cd 313-333 3306 A5 L0106
RSBH-Mi 313-333 -l 146 000312 Ik

M sBH-Fb 313-333 -23.56 (0684 O7A3
MERH-Cu 313-333 3343 (LT R
MSRH-Cd 113333 A3 1132 LT
MSBH-Ni 313-333 1.49351 -[0.00729 RIS

[ e

—— 2 ¢
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dsoeption of Cu (J1) and N (Iipon RSB Cu )y, Pk
i1y adsorption on RSBH reflect a more energenicqy,
f the reactions are expthermic a3 indicaled gn the

The negative free Gibbs energy AG” confirm Lhe sponlaneous @
li_ll‘l~ and Cd (1) nn_MSBH. The higher negative values of Cu
avourable adsorption process. (Kosasih e af., 2011). Some @
hegative SHT while some are endothermic. This is as a result of comb
molecule in the salvent and the adsorption of the adsorbate species (Srivastava €f iy 20D e fes 15 e Fegeg
that for both types of reaction vers low energy is exchanged with kss than 1 kI mol™ released during sarpring f,,
the exothermic and less than | kI mol” adsorbed for the endothermic reaction. Ofate (2009) also reponed
energy exchange during sorption of Ni (IT). Positive value of AS® indicales that there Is an increase i disorder ar the
solid-liquid interphase (Bhaumik e af,, 2011). It akso reflects some structural changes in the adsorbate and adsorben,
which thus corresponds 1o high degree of freedom ofthe adsorbed s|-:r¢v:il:5 (Lataye ef al., 2009). N‘_:g“"i"": values a8°
correspond to decrease in the randomness which carresponds to the non-spontangous nature of the reaction. Thig
implies that ncrease in agitation speed and the addition of stirrer will enhance the spontaneity of reaction, Notably
also, is the lower energy associated with the modified sorbent as compared with the raw sorhent. The nap.
spantaneous reaction was higher for raw sorbent in the order: Ni (IT) > Cu (1T} > Pb (I} > Cd (D

ination of Lwo processes: desorplion gy, e

5.0 CONCLUSION

The results obtained from the batch adsorption process give rise to the following conclusion:

1) The raw sorbents (RSBH) and modified sorbents (MSBH) effectively remove heavy metal ions from g
synthesised solution. The FT-IR indicated the presence of functional groups such as; hydroxyl, carboxylic,
carhonyls. and phenols groups. The SEM-EDA X revealed the presence of the adsorbed metal species in the sorbents
at varying magnifications. The BET test showed that RSBH is highly parous with a surface area of 5.493 mig

2) The Batch adsorption time dependent performance was remarkably fast. At 5 minutes of contact time. the
adsorption capacities of RSEH and MSBH for Pb (1) which was the metal with highest atfimty were 22.59 mg/g
and 12641 me/g respectively.

4 Pscuda- 2 _order successfully described the Kinetic sorption process with calculated amount adsorbed almos

equal to experimental amount adsorbed.

5} The thermodynamic parameters of the metal species onto the sorbents indicated that most of the reactions are
spontaneous and feasible for Cu (1) and Ni (I} adsorption on RSBH: Cu (11). Pb {I1). and Cd (1) adsorptivn on
MSBH. The non-spontaneous reactions were for the raw sorbents adsomption of RSBH-Pb (1) and Cd (1) and only

MSBH-NI {11}

The successtul utilisation of these raw and moditied shea butter husks tor the removal of Pb (11 Cu (11 Cd (11} and
Ni {II) in the batch adsorption technique has a positive impact on the environmental issues in the solid mineral
developmenl.
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