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Optimization of Nickel and Copper lons
Removal by Modified Mangrove Barks

Rozaini C. A., JainK., 0o C. W. TanK. W., TanL. S, Azraa A. and Tong K. S.

Abstract—Mangrove barks Rhizophora apiculata which
have been chemically modified in basic condition were used as
adsorbent for the removal of nickel and copper ions from
aqueous solution. The adsorbent was characterized by SEM
images, FT-IR and BET analysis. Effecting parameters like
initial pH, initial concentrations of metal ions and contact time
were investigated. The adsorption data were well fitted by
Freundlich isotherm model. Kinetic data were best described
by pseudo-second-order model. Thermodynamic studies
showed spontaneous and exothermic nature in the adsor ption
of Ni(ll) and Cu(l1) ions by the modified mangrove barks.

Index Adsorption, Copper, Nickel, Rhizophora apiculata.

I. INTRODUCTION

The amount of heavy metal ions released to the
environment has been increasing significantly resulting from
industrial activities and technology development. Heavy
metal ions present in wastewaters and released by various
industries such as mining, electroplating, eectronic
equipment, and battery manufacturing processes. The
wastewater commonly contains Cu, Ni, Cd, Cr, and Pb which
are not biodegradable and their accumulation in ecological
system can cause harmful effects to human, animals and
plants. The excessive exposure to nickel can lead to severe
damage of lungs, kidneys, skin dermatitis, and cancer [1].
Copper consumption in high doses can cause serious
toxicological concerns sinceit can be deposited in the brain,
skin, liver and pancresas. It will then lead to nausea, vomiting,
headache, diarrhea, respiratory difficulties, liver and kidney
failure, and death [2]. Asaresult, various studies have been
conducted for the removal of heavy metal ions in
wastewaters.

Common techniques used to remove heavy metal ionsfrom
industrial wastewater have been reported in literature which
includesion-exchange, reverse-osmosis, € ectro-coagul ation,
chemical precipitation, neutralization, and adsorption [3].
Recently, adsorption has attracted considerable interest
especially from cheap and abundantly available agriculture
waste material. Different types of agriculture wastes such as
maizetassel [4], bananaped [5], saw dust and neem bark [6],
wheat straw, soybean straw, corn cobsand corn stalks[7] and
Pinus sylvestris sawdust [8] have been studied for the
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removal of heavy metal ions. However, the capacity is low
compared to commercially available ion exchange resins or
activated carbon, but modifications (base, acid, and heat
treatment) have shown improvement in the adsorption
capacity for these agricultural by-products [9] producing
higher value product with potentially lower cost as compared
to the commercially available adsorbents.

Following this approaches, this paper discussesthe use of
mangrove barks for the adsorption of heavy metal ions from
simulated agueous solutions. Mangrove bark is an
agricultural waste from the debarking process of mangrove
logs in the charcoal making industry. Accumulation of the
waste barksfrom thisindustry had resulted in the occupation
of land space and contamination of ground and estuaries
water. The chemical composition of bark is complex and
varies between and within species, and also between the
inner and outer bark. Generally, chemical analysis of bark
from different species indicates that bark can be classified
into four major groups. polysaccharides, lignin and
polyphenals, hydroxy acid complexes, and extractives [10].
All these materials have capacity for binding metal cations
due to hydroxyl, carboxylic and phenalic groups present in
their structure. These barks are inexpensive, abundant, and
contain polyphenolic compounds that under appropriate
conditions of pH and temperature are capable of adsorbing
significant quantities of metal cations from solution [11]. At
present, these barks are left dried and burnt in order to clear
theworking land space. Hence, the conversion of these waste
barks to value-added adsorbents for waste water treatment
would not only be economical, but also help to solve waste
disposal and reduce air pollution. The main objective of this
study was to investigate the feasibility of using the
chemically modified mangrove bark (MBB) for the removal
of Ni(ll) and Cu(ll) ions from agueous solutions.

Il. MATERIALSAND METHODS

A. Adsorbate

The stock solutions of Ni(Il) and Cu(ll) ions used in this
study (1000 mg L ™) were prepared by dissolving weighed
quantities of NiSO,.6H,0 and CuSO,.5H,0 salt in distilled
water. Experimental  solutions  with  the desired
concentrations were prepared by diluting the stock solution
with distilled water.

B. Preparation of Adsorbent
Mangrove barks (Rhizophora apiculata), a waste of local
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charcoal factory collected from Matang mangrove forest,
were washed repeatedly to remove dust and soluble
impurities. The barkswerethen dried in sunlight and ground

toafine powder with 250 pm mesh. For modification process,

the bark powder wastreated with 37 % formaldehyde and 0.1
M NaOH at 50 °C for 2 h. The barks were filtered out,
washed with digtilled water until the washings were
approximately at pH 4, and oven dried. The modified bark
(MBB) was kept in an airtight container for further use.

C. Characterization and Adsorption Sudies

Characterization of the adsorbents was carried out by
scanning electron microscope (SEM), surface area analysis,
and FT-IR studies. Scanning eectron microscopic (Leo
Supra 50VP) studies was conducted to observe the surface
textureand porosity of the adsorbents. The surface area of the
adsorbent was measured by BET (Brunauer—Emmett—Teller
nitrogen adsorption technique). FT-IR (Perkin Elmer 2000
FTIR) spectrometer was employed to determine the type of
functional groups in mangrove barks responsible for metal
adsorption.

The adsorption experiments were conducted batch wise. A
weighed amount of adsorbents and 50 mL of agueous
solution containing the metal ion was shaken on an orbital
shaker at room temperature. The effect of the initial pH on
heavy metal ion removal was studied by performing
equilibrium adsorption tests at different pH values. The
adsorption isotherms of Ni(ll) and Cu(ll) ions on the
adsorbent were studied at concentration 10— 100mg L™. The
adsorption kinetic studies were carried out under optimized
conditions from 2 to 180 min. The mixture was filtered and
the concentration of the remaining metal ion in the filtrate
was determined by the atomic absorption spectrophotometer
(Perkin EImer AAnalyst 200). Amount of metal ion uptake
by 1 g of the adsorbent was calculated from the following
mass balance equation:

_(Co-CelV )
M

Oe =
where ge (Mg g*) isthe amount of metal ion uptake, C. (mg
L") themetal ion concentration after adsorption, C, (mg L™)
theinitial metal ion concentration, M the amount of
adsorbent (g) and V the volume of solution (L).
Percent removal was also evaluated using the formula:

Co-Ce
Removal (%) = ——=x100 (2
C

I1l. RESULTSAND DISCUSSION

A. Characterisation of Adsorbent

The SEM was used to observe the changes in the surface
morphology of the materials. SEM images of unmodified
bark and MBB were shown in Fig. 1. The adsorbent have
irregular structure, thus makes possible for the adsorption of
heavy metal ions on different parts of the adsorbent. The
figures illustrate the surface texture and porosity of bark
adsorbent with holes and small openings on the surface
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which increased the contact area. These will lead to pores
diffusions during adsorption [12]. Morphological analysis of
theraw bark and modified bark showed changes of 10ose bark
into more compact form of adsorbent.
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Fig. 1: SEM Imageof unmodifled bark (a) and MBB (b).

Surface area is related to the adsorption capacity of an
adsorbent. As the surface area increases, more binding sites
are available for the adsorbate to be adsorbed [13]. The
multipoint BET surface areaanalysis of MBB was performed
with Quantachrome Nova 2200e. The surface area of MBB
was found to be 3.453 m* g*.The surface area was higher,
compared to other adsorbents like rubber leaf powder (0.478
m® g%) [14], quebracho tannin (0.820 m? g %) [15] and
mangrove tannin (1.67 m* g') [16]. Possibly the high
sorption capacity of MBB observed in this study despite its
low surface area could be attributed to both chemical and
physical adsorption processes which most likely occurred on

its surface.
Table1: Textural Propertiesof MBB

Characterization MBB
Surface area (BET), m* g* 3.453
Micropore area, m* g* 0.00
Mesopore area, m*g™ 3.453
Total pore volume, cm® g* 7.439e-2
Micropore volume, cm® g* 0.000
Mesopore volume, cm?® g* 8.504 e-2
Average pore diameter (BET) A 86.170
BJH adsorption average pore diameter, A 247.10
PH o 5.20

The FTIR technique is an important tool to identify the
characteristic functional groups on the adsorbent surface.
The spectrum of MBB reveal ed the presence of a strong band
intheregion of 4000 - 3000 cm™, associated with -OH group.
Small peak in the vicinity of 2800 -3060 cm™ is assigned to
the -CH- gretching and the -CH,- bridges formed by the
reaction between mangrove bark and formal dehyde. Peaks at
the region of 740 - 910 cm* can be assigned to the
deformation vibrations at C—H bond in the phenalic rings.
Peaksin thevicinity of 1650 - 1450cm * showed the presence
of aromatic rings. Thesignal at 1452 cm™ shows the present
of —-CH,-. The peaks at 1317 and 1040 cm™ in the spectrum
are due to —OH- bending belongs to phenol group. When
comparing the FTIR spectra of MBB and fresh bark, FTIR
spectrum of MBB showed simplicity of the peaks at the
vicinity of 740 - 910 cm™. The MBB spectra also showed the
collapsed of peak at 1110 cm™ as a shoulder indicating that
polymerization had occurred.
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B. Effect of pH

Theeffect of pH on the adsorption of Ni(I1) and Cu(ll) ions
were carried out over the pH range of 2 to 10, while keeping
all other parameters constant. Adsorption was found
increased with the increasing of pH. This phenomenon could
be explained by increasing total net negative charges of
surface adsorbent which intensified e ectrostatic forcesin the
adsorption process. Moreover with increasing pH, total
number of negative groups available for the binding of metal
ionsincreased and therefore competition between proton and
metal ions became less pronounced [18]. Result showed that
the MBB possessed optimum sorption capacity for both Ni(ll)
and Cu(ll) ions at pH 5 (Fig. 2). At lower pH than 8, the
dominant formsof nickel wasNi?*; whileat pH morethan 8,
Ni(OH), were present as precipitate [19]. Whereas Cu(OH),
will be the dominant species at pH more than pH 6 [20].
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Fig. 2: Effect of initial pH on the adsorption of Ni(Il) and Cu(Il) on MBB.

C. Effect of Adsorbent Dosage

Adsorbent dosage seemed to have great effect on
adsorption process. The result of the effect of MBA dosage
showed that removal efficiency increased as the adsorbent
dosage increased (Fig. 3). For 10 mg L™, adsorption
percentage increased when the adsorbent dosage increased
from0.1t03.0gat pH 5. Thecritical value of dosage of MBB
was 1.0 g for both Ni(ll) and Cu(ll) ions. Increasing the
amount of adsorbent added into a fixed concentration ions
solution will increase the availability of active sites of the
adsorbent. Therefore, adsorption percentage and efficiency
will also increase [21].
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Fig. 3: Effect of adsorbent dosage on the adsorption of Ni(ll) and Cu(ll) on
MBB.

D. Adsorption Isotherms

The adsorption of Ni(ll) and Cu(ll) ions were also
investigated as a function of concentration in the range of 10
-100 mg L™ using 1.0 g of adsorbent, 50 mL of adsorbate
solution at pH 5. Initial concentration provides the necessary
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driving forceto overcomeresistance of masstransfer between
heavy metal ions in the agueous phase and adsorbents [22].
Adsorption efficiency decreased with the increment of initial
heavy metal ion concentration (Fig. 4).
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Fig. 4: Effect of initial concentration on the adsorption of Ni(ll) and Cu(ll) on
MBB.

The experimental equilibrium data obtained were fitted
with Langmuir and Freundlich isotherm models. Langmuir
isotherm describes monolayer adsorption based on the
assumption that all the adsorption sites have equal adsorbate
affinity and that adsorption at one site does not affect
adsorption at an adjacent site[23]. The Langmuir isothermis
given as below:

©)
de  9maxP dmax

where C, is the equilibrium concentration (mg L™), g is
the amount adsorbed at equilibrium (mg g™%), Qmax iS the
monolayer adsorption capacity (mg ¢g*) and b is the
Langmuir equilibrium constant (L mg'). Meanwhile,
Freundlich isotherm equation considers heterogeneous
surfacesand is based on the idea that the adsorption depends

on the energy of the adsorption sites [24]. Freundlich
isotherm can be written as:
1
log Qe =logKg +—logCe 4
n

where Kg is the Freundlich constant and 1/n is the
heterogeneity factor.

The Langmuir and Freundlich isotherm constants were
given in Table 2. Corrdation coefficient (R%) of the
adsorption isotherm data showed that adsorption of Ni(ll)
and Cu(ll) ions on MBB were better fitted to Freundlich
isotherm model (Fig. 5). The 1/n valuewhich wasin between
0.1 and 1.0 confirmed the heterogeneity of the adsorbent and
it indicates that the bond between heavy metal ion and MBB
is strong [25]. This suggests heterogeneous adsorption of
both ions on the surface of MBB. The monolayer adsorption
capacity for Ni(11) and Cu(l1) ionswas 7.25 and 6.95 mg g%,
respectively. The adsorption capacity for Ni(11) and Cu(ll) by
MBB is comparablewith other reported adsorbents as shown
in Table 3.
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Fig. 5: Freundlich adsorption isotherms of Ni(ll) and Cu(ll) by MBB.

Table 2: Regression Parameters for the Adsorption

Isotherms.
| sotherms Ni(l1) Cu(ll)

Om 7.2098 5.8038
Langmuir KL 0.1387 0.0271

R? 0.8759 0.9364

n 0.5666 0.7264
Freundlich K 0.6162 0.2177

R? 0.9993 0.9993

Table3: Comparison of adsorption capacity of Ni(I1) and Cu(ll) ionswith other
adsorbents.

Adsorbent Solute  Qmax Reference
Activated carbon from )y 9689 [26]
Hevea brasiliensis
Black carrot (Daucus .
carota L.) residues Ni(lT) 5.745 [27]
Chltow_n/clmoptllollte Ni(I1) 7940 (28]
composite
Modified Mangrove Barks Ni(I1) 7.250 This study
Sawdust of deciduoustrees Ni(11) 4.600 [29]
Black carrot (Daucus
carota L.) residues Cu(ll) 8.745 [27]
Chltow_n/clmoptllollte culll)  11.320 (28]
composite
Modified Mangrove BarksCu(ll) 6.950 This study
Mushroom (Agaricus 1y 9116 [30]
bisporus)

Natural iron oxide-coated cu(lny 2040 [31]
sand

E. Adsorption Kinetics

Kinetic studies were carried out under the optimized
conditions from O to 180 min. Fig. 6 shows that kinetic of
adsorption initially increased rapidly and reach equilibrium
within 60 minutes. There are three common step involved in
adsorption process. Thefirst step is mass transfer across the
external boundary layer film of liquid surrounding the
outside of the particle. Secondly is the adsorption process at
individual site on the surface (internal or external) and the
energy depends on the binding process (physical or chemical
adsorption) this step is often assumed to be extremely rapid.
Finally, diffusion of the adsorbate molecul esto an adsorption
siteeither by aporediffusion processthrough theliquid filled
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pores or by a solid surface diffusion mechanism [32]. One or
any combination of this adsorption process could be the
rate-controlling mechanism.
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Fig. 6: Effect of contact time on the adsorption of Ni(ll) and Cu(Il) on MBB.

The kinetic data obtained were fitted to linear form of
pseudo-first-order and pseudo-second-order kinetic models.
The pseudo-first-order kinetic model known as the Lagergen
equation is expressed as:

k
log(de - G) =109 Qg - ——t ()
e” % € 2303

where g, and g, are the amounts of ion adsorbed at time t
and at equilibrium (mg g™), respectively, and k; is the rate
congtant of pseudo-first-order adsorption process (min™).
The slope and intercept of plots of log (ge —¢) versust were
used to determine the first-order rate constant k; and
equilibrium adsorption capacity g.. Pseudo-first-order model
is used to describe the reversibility of the equilibrium
between liquid and solid phases.

The pseudo-second-order kinetic model is given as:

t 1 1
— =gt (6)
G kO e
where k; is the equilibrium rate constant of

pseudo-second-order adsorption (g mg'min™). The plot of
t/q; versust gives alinear relationship, and k, and ge can be
calculated from the slope and intercept of theline (Fig. 7).
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Fig 7: Pseudo-second-order plots of Ni(Il) and Cu(Il) adsorption onto MBB.

Result in Table 4 showsthekinetic rate constants, val ue of
experimental g. and theoretical calculated g, for MBB. From
the result, it can be concluded that pseudo-second-order
equation provides the best correlation coefficient (R%) and
agreement between the cal culated g, and the experimental g
values, suggesting that chemisorption istherate-determining
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step in the adsorption of Ni(I1) and Cu(ll) ionson MBB [33].

Table4: Regression Parameters for the Kinetics Models.

Kinetic modd Ni(11) Cu(ll)
Cexperimental 0.4212  0.4020
K. 00438 0.7715
Pseudo-first- order Oe 0.1279  0.2459
R 09724 0.9941
K, 25513 0.6598
Pseudo-second -order Qe 0.3949 0.4178
R 0.9985 0.9953

F. Thermodynamic Parameters of Adsorption

In order to explain the effect of temperature on the
adsorption of Ni(ll) and Cu(ll) ions on MBB,
thermodynamic parameters. standard Gibbs free energy
(4G°), standard enthalpy (4H°®), and standard entropy (4S°)
were determined. These parameters can be calculated from
the following equations:

°=.RTInb ©)
DS°® DH°

Inb = - (7)
RT

where Ris the gas constant, 8.314x10 2 kJmol* K, Tis
absolute temperature, K, and b isequilibrium constant at the
temperature T, respectively. The values of 4H® and 4S° were
obtained from the dope and intercept of the Van’t Hoff plots
of In b versus UT (Fig. 8). The negative value of AH°
indicates exothermic nature of adsorption which explainsthe
decrease of Ni(ll) and Cu(ll) ions adsorption efficiency asthe
temperature increased. From the value of AH®, it is obvious
that physisorption takes part in adsorption process in which
the adsorbate adheres to the surface only through weak
intermolecular  interactions. Basically, the heats of
chemisorption had higher activation energy of 40-120 kJ
mol™* when compared to energy of physisorption [34]. The
negative values of 4S° indicate a decreased disorder at the
solid/liquid interface during Ni(ll) and Cu(ll) ions
adsorption. Thenegativevalueof 4G° (Table5) indicatesthe
spontaneity of the adsorption process which no external
energy sourceisrequired for the system [35].

2
22
24 y=-11167%+07543
264 R = 09669
= 28] \\
s y=-19862x+ 27628
R =093
32
344 ‘\'\.\ NI(D)
36 = Qu(lly
000805 00081 000815 0002 00085 00083 00085
T K'Y

Fig. 8: Van't Hoff plot of adsorption of Ni(ll) and Cu(Il) onto MBB.

Table 5: Thermodynamic parameters of Ni(ll) and Cu(ll) adsorption by MBB

Heavy T Inb AG AH A4S
metal  (K) (kdmol 9 (kJ (kJ

88

mol ) mol TK?Y

303 29353 -7.2344

. 313 -28171  -7.1722
NI(D 318 27318 72868 0284 00063

323 27202 -7.1774

303 -36099 -8.8972

313 -34394  -8.7567
Cull) 5 sa7  aowmo -1608%6 00230

323 -32038 -8.4176

IV. CONCLUSION

The ability of mangrove bark Rhizophora apiculata
adsorbent for the remova of nickel and copper ions in
simulated wastewater was investigated. The removal
efficiencies clearly affected by the operation parameters.
Equilibrium data was best found to fit Freundlich isotherm
model indicating heterogeneous adsorption of Ni(ll) and
Cu(ll) ions on the surface of bark adsorbents. Monolayer
adsorption capacity of MBB for Ni(Il) and Cu(ll) ions was
found as 7.25 and 6.95 mg g *, respectively. The adsorption
data was found to follow pseudo-second-order kinetic and
reached equilibrium rapidly, within 60 min a pH 5.
Thermodynamics studies confirmed that the process was
spontaneous and exothermic. The adsorption capacity ishigh
despites the low surface area, indicating that the availability
of the functional groups in the modified mangrove barks are
more important than the surface area in this adsorption
process. These findings suggest that MBB can exhibit as a
potential adsorbent for the removal of Ni(I1) and Cu(ll) ions
from aqueous solutions.
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