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ABSTRACT

The unmodified and mercaptoacetic acid modifiededn seed shells were used in the adsorption 8t Gaf* and
Pb** from their aqueous solutions. Adsorption was @irout in a batch process at various contact tirita imitial
metal ions concentration of 100 mg/l using 1 g 50 21m size of the shell at temperature of@%nd pH of 7.5.
Adsorption equilibrium was established in aboutrihutes for the unmodified and 90 minutes for thoalifred.
Kinetic studies revealed that the adsorption of sahthe heavy metal ions by the oil bean seed tiet the
Elovich adsorption model excellently except inadsorption of C8" by the unmodified shell that showed lowér R
value.

Key words: Adsorption kinetics, Elovich model, heavy metald, lean seed shell, pseudo-first-order, pseudo-
second-order.

INTRODUCTION

Applications of metals for commercial purposes dédygienerate metallic waste products which becounigance to
the environment. These problems have to be hamhessmecially in our developing country (Nigeria) exd the
pollution free environment is very difficult to nmaain. Most often these liquid wastes are not adesiy discharged
causing a lot of discharged liquid wastes (wastersatfrom domestic houses, industries, agricultoradlommercial
processes [1, 2]) to the environment without refeesto environmental issues. Some pollutants frioese liquid
wastes such as heavy metals are non-biodegradahte ltend to persist indefinitely, circulating aeentually
accumulating throughout the food chain, becomirsgréous threat to the environment. However somealsisuch
as cadmium, nickel and lead are markedly more texén at very low concentrations [3]. The most se¥erm of
cadmium toxicity in human is "itai-itai”, a diseasbaracterized by excruciating pain in the bong[4Some other
health implications of cadmium in humans includénigy dysfunction, hepatic damage and hyperten&§prTpxic
levels of lead in man have been associated witlemradopathy, anemia, seizures, coma mental retandand
biazarre behavior [7, 8]. Long-term exposure ofkeiccan cause decreased body weight, heart dantiage,
damage and skin irritation [9]. In other words, timadequate discharged of these liquid wastes nwyba
wholesome hence, their removal is vital from thendt point of environmental pollution control [101]1 The
disadvantages associated with the adoption of edioreal method of treating metal bearing wastevgafeP] has
led to the invention of adsorption processes umaigral adsorbents or agricultural waste produttislwhas some
major advantages [13]. This work studied the effleciess of adsorption of €d Ni** and PB" by both unmodified
and modified oil bean seed shell via variationtha contact time. The kinetic or rate of adsorptased on pseudo
first-order, second-order and Elovich model equetiovere also studied.
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MATERIALSAND METHODS

The Pentaclethra macrophyllavas obtained from Umuahia main Market, Abia Staie processed to get the shell.
The shell was grounded into tiny particle size gsmanual grinder and sieved through a test-siee#eshafter
washing with deonized water and drying in oven®G for 12hrs to get 25m mesh size. It was then activated by
soaking in 2% (v/v) dilute nitric acid solution f@4 hours, filtered, rinsed severally with de-i@dzwater and
allowed to dry in the oven at 186 for about 6 hours. Hence labeled unmodified samishout 15 g portion of the
activated sample was modified using mercarptoacatid by soaking the sample into 1000°cai 0.3 mol
mercarptoacetic acid for 2hrs at &5, filtered, rinsed with de-ionized water and figairied at 50°C for 12 hence,
labeled modified sample.

2.1 Preparation of adsor bate solutions (metal ion solutions)
All the chemicals used in the experiment were ditlygrade reagents.

CdCb, NiSO,.6H,0 and Pb(N@), salts were used as the source of’CNi?* and PB* and all the solutions were
made in deionized water. The solutions of C#li** and PB" were prepared from a stock solution containing0100
mg/l of Cd*, Ni** and PB' respectively. This was done by dissolving one gfang) of each salt in 1000 ¢rof
deionized water and made up to the mark of themettic flask. Each of these solutions represertiedretal ion
solution (wastewater) of 1000 mg/l concentratiomnf the stock solutions of 1000 mg/I, various aditgu(5, 4, 3, 2,

1 and 0.5) crhwere pipetted into beakers and made up to the ofaB® ml volume with deionized water to give a
range of concentrations between 100 and 10 mg/l 100, 80, 60, 40, 20and 10) mg/l. The initial camtration of
metal ion solutions used for the biosorption stodyinvestigating the effects of time was 100 mpfepared as an
aliquot from the stock of 1000 mg/l of the varicustal ions). On the other hand, concentrationsOpf6®, 40, 20
and 10 mg/l (prepared from stock by serial dilufias initial concentrations were used to investighte effect of
variation in the initial concentrations of metahgon biosorption.

BATCH ADSORPTION EXPERIMENTS
Equilibrium adsorption experiments were performed batch process under the following experimeraatitions:
contact time (10, 30, 60, 90 and 120 minutes).

3.1 Effect of contact time on the adsor ption of Cd**, Ni** and Pb**

The experiment was also performed to determineatis®rption capacity of the oil bean seed shellasibus time
intervals of 10, 30, 60, 90 and 120 minutes, 58 eheach of these metal ion solutions of initiahcentration 100
mg/l were placed into various flasks containing (250 um size) of each of the adsorbents. Thedlasie agitated
for various time intervals of 10, 30, 60, 90, ar2D Iminutes, at temperature of &5 and pH of 7.5. After each
adsorption contact time, the solution mixture ofreflask was filtered with Whatman 42 filter paged filtrate
collected into sample bottles. The equilibrium &finconcentration of each metal ion was determimgdg Atomic
Absorption Spectrophotometer (Buck model 200A). Thecribed procedures for each parameter weresdawrit
(repeated) for the adsorption of ¢,dNi** and PB" onto unmodified and modifieBentaclethra macrophyllaeed
shell. The amounts of €4 Ni** and PB" adsorbed by the adsorbents during the seriestoh lravestigations were
determined using a simplified mass balance equasoexpressed by [14]:

Q=G-C (1)

where Q = amount adsorbed (mg/g) by the adsorbents atileduin or metal ion concentration on adsorbent at
equilibrium, G = metal ion concentration (mg/l) (final conceniwa) in the solution (of the filtrate) at equilibrn
while G, = initial metal ion concentration (mg/l) in soloi used.

RESULTSAND DISCUSSION

4.1Effect of contact time on adsor ption.

Table 1 shows the variation of the concentratioh€df*, Ni** and PB" adsorbed by oil bean seed shell from
agueous solution at various time intervals. Frorhl@4d, it can be seen that the concentrations afjhenetal ions
adsorbed by the oil bean seed shell were foundctease at a shorter time (10 min) by the unmatidiébean seed
shell though PB adsorption by the shell of the oil bean maintainedstant increase i.e. from 10 — 120 minutes.
However, adsorptions of &4 Ni** and PB" by the shell on modification were also found tor@ase with increase
in time interval though adsorption of these metaisi by the oil bean seed shell did not closelyofela definite
pattern indicating that modification had effecttbe adsorption capacity of the shell.
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From the results (Table 1), it is an indicativetthi@® concentrations of heavy metal ions adsorlbeahat vary
regularly with time. In some cases, the amounteases with time while in others, it decreases wWitte. The
average impact of time on the adsorption capadityeavy metal ions depends on the number of adsorgites
available and on the strength of adsorption andrg¢isn mechanism.

Table 1: Concentrations of Cd?", Ni** and Pb®" adsor bed by oil bean seed shell from aqueous solutions at varioustime and at 298 K

t (min)

Unmodified oil bean seed shell

Modified oil bean seed shell

Cd* (mglg)

Ni* (mg/g)

Pb* (mg/g)

Cd*" (mglg)

Ni** (mg/g)

Pb* (mg/g)

10
30
60
90
120

98.782+ 0.324

99.986+2.290

99.999 + 0.000

95.620+ 1.070

98.142+ 0.198

85.300+ 1.668

98.467+ 0.184

99.642 + 2.137

99.999 + 0.000

98.644 +0.282

98.464 +0.054

85.620 +1.525

98.580+ 0.234]

91.888 + 1.331

99.999 + 0.000

98.714 +0.314

98.658 +0.033

88.380_+0.290

98.340+ 0.127

91.807 + 1.367

99.999 + 0.000

99.674 +0.743

98.850 +0.118

93.664 +2.073

96.114+ 0.869

90.999+ 1.729

99.999000

97.412 +0.269

98.812 +0.101

92.181 +1.

10

Kinetic studies:

Several kinetic models including pseudo-first-ordeseudo-second-order and intra-particle diffusioodels are
common kinetic models that can be used to exari@eontrolling mechanism involved in the adsorpérCd™,
PE* and Nf* by unmodified and modified oil bean seed shell.

The pseudo-first-order equation is given as [15]:

log(qe — q) =

lOg (qe) -

kit
2.303

(1)

Whereq and g are the amount of heavy metal ions adsorbed alitagum and at time, t (respectively mg/g) and k
is the first-order rate constant (ritjn From equation 1, a plot of log(g g) versus t should be linear if a pseudo-
first-order kinetic is obeyed. However, when adsiorpdata obtained for oil bean seed shell weteditinto the
model expressed by equation 1, values oblRained from the plots (plots not shown) werey\vew indicating that
the adsorption of Cd, Ni** and PB* by oil bean seed shell is not consistent witheugs-first-order kinetics.

According to [16], a pseudo-second-order adsorgtd® equation can be expressed as follows,

dq

dt

= kZ(CIe -

qc)?

)

Where k is the rate constant of pseudo-second-order atisorgmg'min™), . and qare the adsorption capacity
at equilibrium and at time, t, respectively. Imuging boundary conditions to equation 1, i.e0Otte t=t and g= 0
to g = g, integrated form of equation 2 was obtained (équa) and upon simplification, equations 4 andesev

obtained.

! -2 +  k,t
(qe — q) q: 2
1 N 1 ©
qr k,qz e
11 N 1 ©
qe h qe

3)
C))
)

The implication of equation 5 is that a plot of Mgrsus t should be linear with slope and interegpial to gand%
(h = k,q2) respectively. Fig. 1 shows pseudo-second-ordetikipéots for the adsorption of g Ni** and PB" by

oil bean seed shell.

Adsorption parameters obdafnem the plots are presented in Table 2. Fromréseilts

obtained, it can be seen that values &R very close to unity indicating the applicatifra pseudo-second-order
model to the adsorption of €dNi?* and PB" by oil bean seed shell. It is also evident from ésults that values of
k, calculated from the plots are relatively low. lasvalso observed that h andvalues for the adsorption of Ni
and PB" by modified oil bean seed shell were higher tHersé obtained from the unmodified shell. The revers
was however observed for the adsorption of'®g the shell. On the other hand, the adsorptioNitfdisplayed a
decrease of h and, kalues due to modification of the shell. Accordiiog[17], a pseudo-first and -second order
kinetics cannot reveal the mechanism of adsorpth@nefore, a model of Elovich was also used to festhe
adsorption mechanism of the studied adsorbatesidaladsorption model can be expressed as folld8k [

dq,
dt

= aexp(—/fq;)
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Wherea is the initial adsorption rate (mgain™) and B is the desorption constant (gigduring any one
experiment. [19] had earlier proposed tht>>t and if the boundary conditions are applied (0 and g= g at t
=1), the Elovich equation becomes,

G = %ln(rxﬁ) N %ln(t) @

The implication of equation 7 is that a plot @fvgrsus In(t) should be linear with slope and iceet equal te; and

%ln(aﬁ) respectively. Fig. 2 shows Elovich equation fae #idsorption of Cd, Ni** and PB* by unmodified and

modified oil bean seed shell. Values of Elovichstants deduced from the plots are presented ireTalfFrom the
results obtained, it can be seen that the adsorpficome of the heavy metal ions by the oil besedsshell fitted
the Elovich adsorption model excellently excepthia adsorption of Cd by the unmodified shell that showed lower
R? value.
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Fig.1: Variation of 1/, with t (pseudo-second-order kinetic) for the adsor ption of Cd*, Ni*" and Pb?" by unmodified and modified FPS ail

bean seed shell
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Fig. 2: Variation of g, with In(t) (Elovich adsor ption model) for the adsor ption of Cd?*, Ni?" and Pb*" by unmodified and modified oil
bean seed shell
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Table 2: Pseudo-second-order adsor ption par ametersfor the adsor ption of Cd*, Ni**and Pb* by unmodified and modified oil bean seed
shell

System lons Slope Qe h Kz R’
Cd(UM) | 0.0104 -0.0081 -1.24E+0Rp -1.34E-02 0.9996
Ni(UM) | 0.0111| -0.0202| -4.95E+01 -6.10E-Q3 0.9997
Pb(UM) | 0.0100| 4.00E-16 2.50E+1p 2.50E+L1 1.0000
Cd(M) 0.0102| -0.0017| -5.88E+0R -6.12E-02 0.9996
Ni(M) 0.0101 0.0014 7.14E+07 7.29E-02  1.00P0
Pb(M) 0.0106 0.0226 4.42E+01  4.97E-03  0.9990

OBS

Table 3: Elovich parametersfor the adsor ption of Cd?*", Ni** and Pb?* by unmodified and modified oil bean seed shell

System | Metalion | Slope | Intercept (1) B IB a R?
Cd(UM) 0.7126 100.78 1.4033 141.43 1.88E+6]L 0.416"
Ni(UM) -4.1523 110.71 -0.2408 -26.6b -1.09E-11 @82
ops |_PBUM) - - - - - -
Cd(M) 1.7431 91.93 0.5737 52.74 1.40+23] 0.9078
Ni(M) 0.2892 97.48 3.4578 337.07 7.0449E+145 0.9778
Pb(M) 3.3175 76.37 0.3014 23.0p 3.2E+10Q 0.7581
CONCLUSION

The results of the work indicated that the oil beard shell is capable of adsorbing toxic heavyalmdétom their
aqueous solutions. The batch studies clearly stighes the shell of the oil bean seed exhibit almb30%
adsorption especially when unmodified. The kinetraluation suggests that the uptake of toxic heaetals fitted
Elovich model.
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