GLOBAL JOURNAL OF ENVIRONMENTAL SCIENCES VOL 6, NO. 2, 2007: 89.97 89
COPYRIGHT® BACHUDO SCIENCE CO. LD PRINTED IN NIGERIA. ISSN 1596-6194
ION FROM

KINETIC MODELING OF DESORFTION OF CADMIUM (ll)
MERCAPTOACETIC ACID MODIFIED AND UNMODIFIED AGRICULTURAL

ADSORBENTS

A. A. ABIA AND E. D. ASUQUO
(Received 6 December 2006; Revision Accepted 6 June 2007)

ABSTRACT

The desorption kinetics of cadmium (i1} ion from mercaptoacetic acid modified and unmodified agricultural adsorbents
following an adsarption experiment was studied using five different desorbents At the end of 25 minutes contact time. the
desorption efficiency followed the trend; 0.1M HC! > 0.1M H,S04 > 0 TMHNO3; > 0.1M NaOH > hot deionized H,O for all three
adsorbents (UOPF, 0.5 MOPF and 1.0MOPF). Kinetic modeling of cd* desorpnon using Elovich and pseudo-first order desorption
equations indicated that the pseudo-first order equation bener described Cd desorption from the surface of each adsorbent The
desorption rate constant, B for 0.1M HC! were; 6.57 x 10", 4.43 X 10", and 3.98 x10'mg.g " min' for UOPF. 0.5MOPF and
1.0MOPY* adsorbents respectively. While surface residence tlme. ¢ values for 0.1M HC! were: 31.4, 33.8 and 30.72 seconds for

UOPF, 0.5MOPF and 1.0MOPF adsorbents respectively.
KEYNOTES: Desorption, Elovich, pseudo-first order, oil patm.
INTRODUCTION

The suitability of any wastewater treatment for heavy
metals must involve the cost implication of the process and the
nature of disposal of the resuiting waste arising from the
treatment. Chemical wastewater treatment technologies like
precipitation, reverse osmosis, electrode-deposition and
cementation do have some limitations due to the formation of
studge which leads to a solid waste disposal problem and the
high cost of the process. The need for economical and
efficient methods for removing heavy metals from wastewater
has resulted in the search for unconventional materials that
may be useful in reducing the values of accumulation of these
poliutants in the environment. (Okieimen ot @/, 1991},

; This has resulted in the application of adsorption
using agricultural waste products for the removal of metals
from various effluent streams. One of the toxic heavy metals
of interest to environmentalist is cadmium. This divalent metal
has no known biological function but exerts its toxicity by
accumulating in the food chain (Cordero ef al, 2004).

Various studies have been carried out to determine
the effectiveness of adsorption using agricultural waste
products for the treatment of heavy metal ions (Okieimen et al,
1988, Ho et al, 2002, Eromosele and Otitolaye, 1994; igwe
and Abia, 2003 and lgwe et al. 2005).

To further enhance the suitability of adsorption
process for the treatment of wastewater polluted with heavy
metals uvsing agricultural byproducts, it is necessary that a
method of recovery of the adsorbent used for sorption of the
target metal be designed. The desorption of spent adsorbents
used for the removal of metal ions helps to regenerate the
metal-loaded adsorbent and this makes the overall adsorption-
desorption process very economical.

In this direction a number of studies on the desorption
of metais from used adsorbents using various solutions like
HNQ;, H2S0,, HCI and NaOH have been reported (Arpa et al,
2000; Fraile et af, 2005; Horsfall et al,, 2003; Krishnan, and
Anirudhan, 2003 and Wankasi et, al. 2002).

In a recent study an agricultural waste product; oll
paim fruit fibre (Elaeis guineensis) was used as an adsorbent
to remove cadmium (i} ion from aqueous solutions and
wastewater (Asuquo, 2005) Thrs present study highlights the
‘kinetics of the desorption of Cd®* ion from the metal-loaded oil
palm fruit fibre adsorbent using a range of desorbing solutions.

MATERIALS AND METHODS

Adsorbent Preparation

The oil palm fruit fibre was obtained from an oil mill in
a village near Uyo, Akwa Ibom State of Nigernia. The fibre was
de-otted by soaking In hot deionized water and detergent for
24 hours. it was further rinsed in hot deionized water and air
dried for 12 hours. The air-dried oil palm fruit fibre was ground
using a National electric blender. The ground fibre was
screened through a set of sieves of sizes (250um, 150um and
106 pm) with the resulting fibre from the 106 pm sieve used.

The sieved adsorbent was divided into 3 parts each
weighing 200g. The first part labeled “1” was left untreated and
called “unmadified ol palm fruit fibre” {UOPF]. 200g of each of
the second and third parts labeled 2" and “3" respechvely
were acid treated with 0.5M mercaptoacetic acid and 1.0M
mercaptoacetic acid (HSCH,COOH) for 30 minutes. Each of
the suspensions was left to stand for 24 hours at 28°C
Thereafter the two portions were filtered using Whatman No 41
filler paper. The residue in each filter paper was rinsed with
deionized water The residue of the 0.5M acid treated oil palm
fruit fibre was labeled "0 SMOPF" while the residue of the
1.0M acid treated adsorbent was labeled “1.0MOPF"

Adsorption Studies

Adsorption studies were first of all carried out using
the three adsorbents (UOPF, 0. 5MOPFF and 1.0MOPF). This
was to remove Cd”’ from standard aqueous metal solutions of
concentrations (10, 20, 30, 40 and 50mg/L) prepared from
analytical reagent grade metal salt (CdCly. 21/2 H,0) at pH 6 2
and temperature 28°C.

100cm® of the metal solutions were placed in various
Erdenmeyer flasks and labeled. This was followed by weighing
0.5g of each adsorbent into the differently labeled flasks and
each was properly corked. The contents of each flask were
agitated on a shaker at 25 rpm for 1 hour before filtration using
Whatman No. 41 filter paper. The filtrates were analysed ina
UNICAM 919-SOLAR Atomic Absorption spectrophometer for
cadmium (1) ions.

Desorption Studies e
05g of each of the used adsorbents (UOPF

0.5MOPF and 1.0MOPF) were weighed into different 250(:mé

Erlenmeyer flasks and labeled. The adsorbent in each flask
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was desorbed of the Cd”’ by the addition of 100cm’ of the
various desorbing solutions

0.1M HCI, 0.1M NaOH. hot deionized water.0 1M HNO- and
0.1M H2S0.,

The content of each flask was agitated on a shaker at 25rpm
for 5, 10, 15, 20, and 25 minutes at temperature of 28°C  After
agitation, the contents were filtered using a Whatman No 41
filter paper. 20cm” of each of the filtrates were analysed for the
residual concentration for Cd”' using a UNICAM-919-solar
Atomic Absorption spectrophotomer Blank solutions were also
prepared and analysed to ehminate errors

Data Analysis

The metal uptake capacity was calculated using the
formula in equation 1 (Ho. 2001) below
Qe = C-CaV - 1

Ms
where Q. is the metal uptake capacity of the adsorbent (mg/g),
C. is the initial metal ion concentration in solution {mg/L), Ce is
the equilibrium meta!l ien concentration in golution (mg/l), Ms
is the weight of the adsorbent used for adsorption (g) and V is
the value of the initial metal ion used for sorption (dm”)

From the results of the initial adsorption studies using
the three adsorbents, the metal uptake capacity (ge) for the
various adsorbents where: 18.6mg/g (UOPF). 19 96mg/g
(0.5MOPF) and 21 70mg/g {1 OMOPF) These metal loading
capacities were used for all the desorption studies

Also, the amount of metal ion removed from the
various adsorbents during the desorption studies was
computed using the relationship in eqn (2).

Qa = Qe |(de) |V - - -2
Ms

where qq is the metal 1on concentration removed from the
adsorbent (mg/g) during desorption Q. 1s the initial adsorbent
metal loading capacity (mg/g). de is the equilibrium metal 1on
cancentration desorbed from the adsorbent (mglL) V 15 the
volume of the desorbing sclution used (dm®) and Ms is the
mass of the loaded adsorbent used for the desorption (g)

In addition, the amount of the metal 1on remaining on
the adsorbent as a function of time (q.) was estimated using
the relationship in eqn (3):

Qt = Qe = Qa - - ' 3
Where the symbols have the same meaning as previously
stated.

Furthermore, the percentage of the metal desorbed from the
various adsorbent was computed using the relanonshnp n egn
(4):
% Desorption = qq x 100 - - -4

Qe

Kinetic Modeling of Desorption

The kinetics of metal desorption was analysed using
two kinetic equations  The Elovich equation (Chien and
Clayton, 1980: Sparks, 1986) and the pseudo-first order rate
equation {(Chu and Hasim. 2001)

The Elovich equation 1s expressed as egn §

da = aexp t-Ba) - - 5

R

Where « is the initial adsorption rate (mg.g ' min ) B is the
desorption rate constant (gmg ' rmin '} and g 15 the metal
adsorbent capacity (mg/g)
- To simplify the Elovich equation Chien and Clayton
(1980) assumed that ot > > t and by applying the boundary
conditions

=0 at t=0 and q = & at t=t. The eguation becomes:
{Demirbas et al, 2004) )
a = @Bt - - - 6

=
IS

Equation (6) was further modified to account for desorption

capacity (qy) by inserting o 1n place of qi resulting in egn. (7).

Ao =1 _In(af)+ 1__Int - - - - 7.
5 i

If the desorption rate of the metal from the three adsorbent
(UOPF. 0.5MOPF and 1.0MOPF) fits the Elovich equation, a
plot of gs versus Int should yield a linear relationship from
where the slope and intercept can be used to obtain the
desorption rate constant ()

Secondly, the pseudo-first order rate eguation for
desorptron is expressed as equation (8):
ol = exp (-Kaes t) - - - 8
Jo
Where, g is the metal concentration in the adsorbent phase
(mg/g of adscrbent) at time t (mun). ¢ is the total desorbable
metal conceniration on each adsorbent at the beginning of
desorption (mglg adsorbent) and Kaes is the pseudo-first order
desorption rate constant (min 7) (Wankas! et af. 2005) .

To account for the fraction of bound metal ion
resistant to desorption by recovery reagents. equation 8 was
modified as fo'lows:
Q. = 0 exp
o
Where 6 15 a desorption fraction of the initial metal loading (Qe)
and (1- 8) is fraction resistant to desorption. Linearising eqn (9)
by taking the natural loganthm gives egn (10)

nfa ] = (N0-Kedt+in(1-8) - 10

Jo

From equation (10) a plot of Inar versus go time (min) will give a
linear graph. f the desorption kinetics follows this model. From
which the ps-udo-first order desorption rate constant (Kges).
the desortacle fraction € and fraction resistant to desorption
(1-8) can be obtained from the slope and intercept of the

graph

('Kdes t) + (1"6) - - 9

RESULT AND DISCUSSION

Kinetic studies on the desorption of cadmium (Il) ion
froam the three adsorbents (UOPF., 0.5MOPF and 1 OMOPF)
was carried out using five different solutions. Examination of
Merature indicates that various organic and inorganic acxds
and bases have been used for desorption studies.

The percentage desorption of cadmium ion from the
three adsorhents using 0. 1M HCI, 0.1M NaOH, hot deionized
water. 0.1M HNO5 and 0.1M H,;S0, indicates an increase in
desorption efficiency with passage of time. Figure 1 presents
the percentage of metal ion desorbed for UOPF adsorbent
While Figure 2 1s an ilustration of the percentage desorption of
0 5MOPF adsorbent and Figure 3 is the removal efficiency for
1 OMOPF aascrbent

The trer.d that is observed is that the percentage
removal of Cd™" fiom the UOPF adsorbent was maximum at
25 minutes. From Figure 1. it was seen that 0.1M HCI had the
highest desorption efficiency of 78.93%, while hot deionized
water had the least efficcency of 23 10% at 25 minutes of
desorption  From Figures 2 and 3. the same trend was
observed for the 05MQOPF and 10MOPF adsorbents with
highest desorption efficiency for 0.5MOPF being 0. 1M HCI with
76.65% and the least being hot deionized water of 24.89%.
For the 1OMOPF adsorbent 0.1M HC! had the highest '
efficency of 73 87% while the least was 25.39% for hot
deionized water
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Thus it can be said that the desorption efficiency for the three
adsorbents followed the trend;, HCI > H,S04 > NaOH > HNO,
> H0. Fusrthermore, a decrease n desorplion efficiency as
chemical modification of the adsorbent increased was
observed for three eluents; 0. 1M NaOH, 0. 1M H,504 and 0.1M
HCI. This decrease in efficiency may be due to the nature of
adsorbent-metal bond which makes the Cd(ll) ion to be
desorbed less for the chemically modified adsorbents. This
property could be related to the strength of bond formed
between the Cd(M) ion and the funchonal groups on the
adsorbents. The property was also observed in the desorption
of Cd(N}) ions using HCI solution (Horsfall and Abia, 2003).

Comparatively, the acidic eluents (HCI, HNOs and
H2S504) had the highest percentage removal efficiency for all
the three adsorbents. This may be due to the influence of pH
of these solutions on the desorption mechanism. These acidic
solutions tend to protonate the functional groups on the
adsorbent surface. These groups are the carbonyl. hydroxyl
and thiol groups. This 1s possible because at low pH, the
proton concentration on the adsorbent surface 1s high. When
these groups are protonated, there is high electro static
repulsion of the metal ion (Cd”*) thereby leading to its
desorption from the adsorbent surface. Thus making the acids
to be the most efficient eluents, in the system especially HCI.
This trend was aiso observed in the desorption of cadmium
from algae using HCI solution. (Fraile et al, 2005).

Desorption of cadmium (i) 1on using a basic solution
(0.1M NaQOH) gave removal efficiencies of 46.74%. 46.59%
and 37.0% for UOPF, 0 5MOPF and 1 OMOPF respectively.
This low extent of desorption may be due to the contribution of
the pH of the solution For at alkaline pH the functionat groups
on the adsorbent (COOH. CH and SH) become deprotonated
‘This thereby causes these groups to bind strongly to the
cadmium ion as there is a charge reversal on the adsorbent
surface at this pH. Thus the cesorbing solution cannot
effectively remove the cadmium ion from the adsorbents

surface. This Iow effmency was also observed in the
desorption of Pb* and Cu’* from Nipa paim (Wankasi et al,
2005). ‘

Furthermore, from Figures 1 ~ 3, it (v, abserved that
the least desorbing solution for removal of Cd”' from the three
adsorbents was hot deionmized water The desorption
efficiencies for this solution were 23 10% 24.89% and 25.39%
for UOPF, 0.5MOPF and 1 OMOPF adsorbents respectively.
This low efficiency of this solution is due to the influence of the

pH of the hot delonized water. which was at 7.1. The fractional
amount of the cadmium ion desorbed may be dus to the
increased temperature of the solution which aids metal
desorptuon The temperature of the hot deionized water was
60°C. 1t has been reported that high temperature favours
metal ion desorption (Fraile et al, 2005).

KINETIC MODELING OF Cd>* DESORPTION

In order to investigate the mechanism of Cd®*
desorption from the three adsorbents using the five different
eluents two Kinetic models were used. Desorption kinetic
modeling describes the rate of desorption of an adsorbate and
evidently this controls the residence time of an adsorbate at
the solid-liquid interface. The fitting parameter used to
determine  which of the models better describes the
mechanism of desorption of Cd®* on the different adsorbents
was the coefficient of deterrrunation, ¢ (Ho. 2006).

The Elovich kinetic egquation (Chien and Clayton,
1989; Sparks. 1986) and the pseudo-first order desorption
equation {(Chu and Hasm 2001) were used to model the
desorption kinetics of Cd?* from the three adsorbents (UOPF,
0.5MOPF and 1.OMOPF) using the five eluents

ELOVICH DESORPTION KINETIC MODEL

The EIovnch kinetic equation used for the modeling of
desorption of Cd*" was the linearised form of the equation (Eg.
7). Figure 4 presents the Elovich desorption plot for UOPF,
while Figures 5 and 6 are the Elovich desorption plots for
0.5MOPF and 1. OMOPF adsorbents respectively. The Elovich
desorption rate constant. B and the constant u computed from
the plots of Figures 4-6 are presented in Tables 1, 2 and 3.
From Tables 1, 2 and 3 it can be seen that the desorption rate
constant. B values were highest for 0.1M HCI eluent in all the
three adsorbents

This indicates that the 0. 1M HCI eluent was the most
efficient desorbing solution for Cd(ll) ion Furthermore, it can
also be deduced that the Elavich desorption rate constant of all
the eluents, B decreased with increase in chemica:
modification of the adsaorbent This may be due to the natufe
of chemical interaction between the functional groups on the
adsorbent surface and the cadmium (1) ion. This makes the
desorbing solutions to be less capable of desorbing the metal
ion from the adsorbent surface

The constant, « in the Elovich equation accounts for
the rate of metal ion resistance to desorption. This is the initial
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adsorption rate  For UOPF a(TJsanb«,;m hot deronized water had indicates that for these adsorbents, the tendency of the metal
the highest value of 3.26x10 mgg min . while for 0 SMOPF on to remain on the adsorbent surface tends to be greater
and 1.0MOPF adsorbents the highest values were recorded than ease towards desorption
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Tablet:
Desorption Reagem

Hot deionized H,O
i 1M HCI

| 0.1M HS0,

Desorptlon Reagent
[ Hot demmzed H0

| O.IMHCI
0 IMNaOH

[ 0.1M HNO;

0M [0AM H.SO,

[ Desorption Reagent

| Hot deionized H,0O

0 1M HCH
AMNaOH

0 1M HNOs

0 1™ H2304 .

Elovich Desor?tlon Rate Gonstants of Cd* from  UORF Adsorbent

Table 2: Elovich Deserption Rate Constants of Cd

Table 3: Elovich Desorption Rate Constants of Cd* from 1 OMOPF Adsorbent

| admg.gTminT) 1 plmg.g”.min™) d

[ 909 X107 __.0149 0.7940
Clearxaot T 0443 108773

(258X 107 0212 07073

| 227 X107 . . 038 0.9394

| 112%x107 0.338 0.9077

amg.g".mi _ Plmg.g .min")

L3 269X 10 —— T o198 0.9450

211X 10° T A 0.8974

647X 107 a0 0.230 0.7573

|3 83X107 048t 108100

[ 103X10° 0.494 0.9857 )

from 0, 5M©PF Adsorbent

1 wimg.g” mm‘) ~ Bimg.g".min") r T
248X10° T 0127 0.9192
762X10° " [ 0398 0.9703
149X 100 | 0203 107938
136Xx10° 1T 0308 109746

S letax10” ] 0.320 [ 0.9018

Pseudo-First Order Desorption Model

The second equation for modeling of desorption
kinetics for cadmium (Il) ion was the pseudo-first order
equation (eq.10). The plots of the pseudo-first order equation
for UOPF, 0. 5MOPF and 1. OMOPF are presented in Figures 7,
8 and 9. The kinetic parameters from the pseudo-first order
plots; the release constant, K4« and the desorbable fraction, ©
are presented in Tables 4, 5 and 6 for UOPF- 0. 5MOPF and
1.0MOPF respectively. From the Tables it can be seen that
hot deionized water had the least desorbable fraction of the
initial metal loading, 8, with values of 0 135, 0.070 and 0.050
for UOPF, 0.5MOPF and 1 OMOPY adsorbents respechively.
This corroborates the view that the hot delomzed water was
the least efficient desorbent for removal of Cd’" 1on

One other properly that relates to an adsorbed
molecule which is related to desorption kinetics ts the surface
residence time. . This is tne average tme that a molecule will

spend on the surface under a given set of conditions before it
desorbs into the aqueous phase. The residence time is very
essential because the higher the residence time, the longer the
contact between the desorption reagent and the metal loaded
adsorbent. Hence, residence time must be relatively small in
order to protect the deterioration of the adsorbent and enhance
its recyclable life time. (Wankasi ef a/, 2005).

From the pseudo-first order desorption equation, (he
average surface residence e prior to the desorption process
occurnng may be gven as
z = 1 - - 11

“
Kdes

The surface residence times, for the three adsorbents using
the five eluents is presented in Tables 4, 5 and 6. From the
Tables #t was observed that 0.1 HCl eluent had the least
surface residence time for the three adsorbents; 31.4 seconds,




KINETIC MODELING OF DESORPTION OF CADMIUM (1) ION FROM MERCAPTOACETIC ACID MODIFIED 95

33.8 seconds and 30 72 seconds for UOPF 0.5MOPF and
1.0MOPF respectively whereas the surface residence tim: for
the hot deionized water were 400 4 seconds. 349 seconds and
306.6 seconds for UOPRF.  05MOPF and 1.0MOPF
respectively. It can be deduced that the shorter the surface
residence time, ¢ the more efficient is the desorbing solution

The relatively short residence time for the ¢ 1M HCI
eluent shows that this eluent was the most efficient in the
desorption of Cd®* ions from the three adsorbents This short
residence time indicates that the HCI eluent has a potential of
preserving the adsorbent for further use

The analysis of the kinetics models using the fitting
parameter, the coefficient of determination, ' was used 1o
determine which of these two models better describes the
mechanism of desorption. The 7 values for the elovich
desorption and the pseudo-first order desorption equations are
presented in Tables 1-6. Examination of the two desorption
models using the ¥ values shows that the Pseudo-first order
equation had the highest r’ values for the three adsorbents.

Thus the pseudo-first order kinetic mode! can be said
to describe the kinetics of desorption of cadmium (1) ion from
the three adsorbents better.  Hence the mechanism of
desorption of Cd’* follows a pseudo-first order kinetic model.

Time(mins)
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Fig.9: Pseudo-first order kinetics for desorption of Cd(ll) ion from 1.0MOPF :
Table 4: Pseudo-first Order des orguon rate constants of Cd>* from UOPF adsorbent
Desorption Reagent | Kees (mm 18 lcz(Secs)y Ir
Hot deionized HoO | 249X 107 [ 0.135 | 4004 ,+o 8344
0.1M HCI 3.18 X 107 0.420 314 09487
0.1M NaOH ‘ 9.01 X107 0.200 1109 108606
| 0MHNO, 1 122X10° 10247 1817 | 09248 A
[ 0.1M H;SO4 268X 107 10294 | 372 0 9875 !
Table 5: Pscudo-first order desorption rate constants of Cd** from 0. 5MOPF adsorbent
[ Desorption Reagent [ Kaes (min ') % - (Secs) - M]
Hot deionized H,0 | 2.85 X 10 ? 0.070 349 N
[ 0.1M HCI 3.95X 107 0318 338 1
|0IMNaOH _ ~ ~ [930X 107 ~Fo132 119 .
0.1M HNO; T107x10% 1 0270 | 1646 o
0AM H:80s 271X 107 | 0228 584 B
Table 6: Pseudo-first order desorption rate constants of Cdz’ from 1.0MOPF adsorbent
Desorpnon Reagent | Kges (min | R Me Tz (Secs)y |7 )
Hot deionized H.O 326X10° 10050 3065  |09914 w!
| 0AMHCI 1 325X107 0315 [3072 [ 09735 ‘
O01MNaOH —  [587X10° 10134 |170 | 09293
'0.1M HNO; 106X 10° [ 0204 1937 109437
0.1M H;SOx 184X 107 | 0220 | 542 109688
CONCLUSION model for description of desaorption kinetics of Cd”* from the 3

The kinetics of desorption of Cd (Il) ion from three
adgorbents (UOPF, 0.5MOPF and 1.0MOPF) previously used
for-adsorption of the metal was carried out using five different
acidic, basic and neutral solutions. ]

The percentage desorption efficiency of the Cd** from
the three adsorbents followed the trend; Hot deionized H,O <
O 1M NaOH < 0.1M HNQ3 < 0.1M H;S04 < 0.1M HCI.

Kinetic modeling analysis of desorption data using the
E!ovvch equation and the pseudo-first order equation using the
coefficient of determination, ¥ as the fitting parameter
indicates that the pseudo-first order equation was the better

adsorbents.

This study confirms the notion that acids are the best
desorbing media for heavy metals from adsorbent surfaces, :
with HCI solution giving the highest removal efficiency.
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