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Abstract: In this study, sago wastes were investigated for its potential in removing Zn from aqueous solution.
The equilibrium adsorption level has been studied under varying conditions of time, initial metal ion
concentration, adsorbent dose, particle size and pH. The adsorption parameters were analyzed using Freundlich
and Langmuir models. Kinetics of adsorption of Zn on adsorbents were determined and correlation relationship
between kinetics of Zn adsorption and with pseudo first order and pseudo second order rate was determined.
The physico-chemical properties such as determination of functional groups, moisture content and ash content
were also investigated. The adsorption of Zn increased with increasing treatment time and the equilibrium of
the adsorption was attained after 40 minutes The data showed that at initial concentration of 5 mg/l, the
percentage  of  Zn  removal  based  on the particle sizes of 300 µm, 500 µm and 1200 µm are 74 %, 47.6 % and
55.4 % respectively. The percentages of removal increase after the initial concentration of Zn reach 40 mg/l to
100 mg/l and the percentage of Zn removal based on the particle sizes of 300 µm, 500 µm and 1200 µm at 100 mg/l
are  6.93%,  7.78% and 10.03% respectively. The study shows that the adsorption gives an optimum value at
pH 9, best fitted on Langmuir isotherm model with maximum capacity of adsorption of 10.4 mg/l and obey the
pseudo second-order rate equation of adsorption kinetic. However, at pH 7 which represents the normal pH
range in wastewater treatment, maximum Zn adsorption is only 0.45 mg/g. It is recommended that further
complimentary study should be conducted, for instance the sago wastes should be modified chemically in order
to further enhance the removal of heavy metals from solution.
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INTRODUCTION subsequently  affect  humans  through  the  food  chains,

Rapid development of the industrial activities that According to Malaysian Environmental Quality Act 1974,
enhance  the economic growth of the countries at the the  maximum permissible limit of Zn in drinking water is
same time can lead to environmental pollution. In many 2.0 mg/l.
cases,  industrial  wastes  were discharged directly into Zn   can   be   found   in   wastewater   discharges
the environment   without   proper   wastewater  treatment. from  acid  mine drainage, galvanizing plants and
The  discharge  of  the  heavy  metals   into   the   stream municipal wastewater treatment plant discharges [2].
is one of the environmental issues that rise due to the Conventional methods, for example, ion exchange,
toxicological effects of the potentially toxic elements chemical precipitation, ultra filtration, or electrochemical
towards the natural resources. deposition does not seem to be economically reasonable

Besides that, other human activities and natural for wastewater  treatment  due to their relatively high
processes such as the weathering changes can also costs [3].
contribute to the increase in contamination of heavy metal As a result, there is a need to investigate low-cost
in the environment. Heavy metals can pose health hazards methods, which is effective and economic and can be
if their  concentrations  exceed   the   allowable   limits. used by such industries. Adsorption has advantages over
Zinc (Zn) is an essential element for the growth of human, other methods. The design is simple and involves low
animals  and plants. However, higher concentrations of investment in terms of both the initial cost and land.
Zn may increase uptake of this metal by plants and Activated   carbon    has   been   recognized   as   a  highly

for instance causing zinc fever and lungs edema [1].
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effective adsorbent and alternative lower cost for the the particle size range of 10-20 mm were mixed with
treatment of heavy metals. Many other materials have spectroscopic grade Potassium Bromide, KBr in the ratio
been investigated, including microbial biomass, peat, of 1:50 to produce sufficient absorbance.
compost, leaf mould, palm press fiber, coal, straw, wool
fiber and rice milling by-products [4,5]. Proximate Analysis: Moisture content was obtained

In this study, a material relevant to the situation in through drying process of the sago wastes at 105°C until
Malaysia, sago-processing waste, was chosen. Malaysia the mass of the sago wastes became constant. Moisture
exports 25 000 to 30 000 tones of sago flour annually and content was calculated as percent of wet and dry sago
the residues from its production tend to be discharged to mass difference from initial mass of sago wastes. Ash
rivers. These residues that are largely composed of content was obtained through repeated one-hour ignition
celluloses and lignins are, therefore, both a waste and a of sago wastes at 575°C until the mass of sago wastes
pollutant. The sago waste consists of fibrous residues became constant. The results are shown in Table 1.
after the starch has been separated from the sago palm
pith. Their chemical composition such as (C=O, S=O,-OH) Detection of Zn in the Aqueous Sample: The Zn metal
suggests that they could have some potential as a ions concentration was measured by flame atomic
biosorbent [6]. Therefore, the objectives of this study are absorption spectrophotometer (FAAS) (Model Perkin
to determine the effectiveness of sago waste as the Elmer 3110) using air-acetylene. Three standard solutions
adsorbent of Zn and the effects of adsorption by sago with concentrations of Zn ions in the linear range of the
waste in different factors such as pH, treatment time, instrument were used to construct each calibration curve.
initial concentration of adsorbate and adsorbent dosage.

MATERIALS AND MATHODS conducted using capped conical flask (50 mL) and

Preparation and Characterization of Sago Wastes After that, the fixed amount of adsorbent was mixed with
Adsorbent: Sago wastes were collected from sago desirable initial concentration of metal ion. The mixture
processing plant in Mukah. The fiber residues were was shaken for a certain time of period before it was
obtained  by  grinding  sago  waste  using   a  grinder. filtered through filter paper. The concentrations of metal
After  that,   they  were  dried  in  an  oven  at   105°C  for ion in the filtrates were measured using FAAS. All
24 hours. The screening process was held  through sieves experiments were done in duplicates. There were two
to determine the particle sizes  of  300  µm  to  1200  µm. controls used in this experiment control without
The sieved sago wastes were stored in the airtight plastic adsorbent that can be determined if metal ions were
container for further  experiments. The sago wastes were adsorbed by the wall of conical flask and control without
screened again to three different sizes; <300µm, 500 to metal ions which replaced by distilled water in order to
1200µm and >1200 µm [7]. The sago wastes were tested estimate any leaching from adsorbents during the study
for its moisture content by drying the sago samples at period.  The experimental conditions are as shown in
105°C for 24 h. Ash content was determined by igniting Table 2.
the sago samples at 575±25°C for a maximum of 3 h. The  effects  of  treatment  time  on  the percentage

Preparation of Zn Stock Solution: Deionised distilled 50 mL conical flask was studied. The agitation time used
(DD)  water  was  used  throughout  the  experimental in this batch study was 5, 10, 20, 30, 40, 50 and 60 minutes.
studies.  Zinc  stock  solution  (1000  ppm)  was  prepared
by dissolving 1 g of zinc metal in 20 mL of 1:1 HCl and
diluted to 1000 mL with DD water. Working standards
were prepared by progressive dilution of stock zinc
solutions using DD water [1].

Characterization of Adsorbent
Fourier Transform Infrared Spectroscopy (FTIR)
Analysis: The FTIR spectra of activated carbon and raw
samples were recorded using an infrared spectrometer
between wave numbers of 4000 and 400 cm .  Samples  in1

Adsorption Experiment: All the experiments were

experiments  are  maintained  out  at  room  temperature.

Zn removal using Zn concentration at 20 mg/l at pH 2 in

Table 1: Characteristic of sago wastes
Parameter Fine wastes (wt%) Coarse wastes (wt %)
Moisture content 14.928±0.184 16.699±0.085
Ash content (dry basis) 6.193±0.130 4.062±0.207
Note: wt% is weight%

Table 2: Experimental conditions using the sago waste in the removal of Zn
Initial concentration of Zinc ion (mg/l) 5, 10, 20, 40, 60, 80, 100
Adsorbent Dosage (g) 0.1, 0.2, 0.5, 0.6, 0.7, 0.8, 1.0
pH 2, 3, 4, 5, 6, 7, 8, 9
Treatment time (min) 5, 10, 20, 30, 40, 50, 60
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Concentration of residual Zn in prepared solution was (2)
determined by using FAAS. The experimental data of Zn
biosorption  by  sago  waste  in  the effect of agitation
time were tested for the pseudo-first-order and the
pseudo-second-order kinetic models.

The  effect  of  adsorbent dosage was tested using
Zn concentration of 60 mg/l at pH 2 with varying
adsorbent dose from 0.1, 0.2, 0.5, 0.6, 0.7, 0.8 and 1.0 g per
50 mL solution. The adsorption time was limited to 30 min.
Concentration in the residual solutions was determined by
using ICP-MS.

The   effect   of  pH  on  Zn  removal  was  studied
using   20   mg/l   of   Zn   concentrations,   by  varying the
initial  pH  of the solutions from 2, 3, 4, 5, 6, 7, 8 and 9
using HCl and NaOH for pH adjustment. The treatment
time in this effect study is 30 min. Concentration of
residual Zn in prepared solution was determined by using
FAAS.

Test was also carried out to find out the effect of
initial concentration of the metal ions using Zn initial
concentrations  of  5,  10, 20, 40, 60, 80 and 100 mg/l and
1.0 g of sago waste as adsorbent at pH 2 for 30 minutes.
Langmuir and Freundlich adsorption isotherm data was
obtained from the studies on the effect of initial
concentration of Zn. Different ranges of particle sizes
(300, 500 and 1200 µm) of adsorbent were used to obtain
the amount of Zn removal on each test.

Metal Uptake Determination: The Zn content in the
solution can be determined using simple concentration
difference method. The initial concentration C  (mg/l),o

metal concentration at various time intervals, C  (mg/l) ande

the metal uptake q (mg metal adsorbed/g adsorbent) were
calculated from the mass balance as follows [2].

(1)

Where V is the volume of the solution in mL and w is
the mass of the sorbent in g.

Adsorption Isotherms: The sorption equilibrium data of
zinc on the sago waste were analyzed in the terms of
Langmuir isotherm models for the interpolation and limited
extrapolation purposes of the data. The relative coefficient
of this model was calculated using linear least-square
fitting. The Langmuir sorption isotherm equation

 on linearization becomes

Where q  and C  are the equilibrium concentration ofe e

zinc in the adsorbed and liquid phases in mg/g and mg/l,
respectively. Q  and b are Langmuir constants, which arem

related to sorption capacity and energy of sorption,
relatively. They can be calculated from the intercept and
slope of the linear plot, C /q  vs C  [1].e e e

The Freundlich adsorption isotherm model was also
applied to describe the adsorption of Zn by sago waste.

(3)

Where,  C   is  the  equilibrium concentration (mg/l),e

q  is the amount adsorbed (mg/g) at equilibrium time, Ke f

and  n  are  Freundlich  constants,  n giving an indication
of how     favorable     the     adsorption     process   and
K  (mg/g (l mg ) ) is the adsorption capacity of thef

1 n

adsorbent. Linear plots of log  q  versus log C  show10 e 10 e

that the adsorption of Zn onto the sago adsorbent follows
the Freundlich isotherm model. The values of n and Kf

were calculated from the slope and intercept of the plots.

Adsorption Kinetic: The adsorption constant rate of Zn
on  sago  wastes  was  derived  from the pseudo-first
order  and  pseudo-second  order  sorption equations.
The pseudo-first order sorption equation is shown in
Equation 4.

(4)

Where  k   (min )  is  the rate constant of the1
1

pseudo-first order sorption, q  (mg/g) are the amount oft

Zn  adsorbed  by  sago  waste  as  the adsorbent at time
t (min) and q  (mg/g) is the amount of Zn adsorbed ate

equilibrium.
The fairly linear plots of log (q -q ) versus t ate t

different particle size confirm the applicability of above
equation for Zn adsorption onto sago waste. The values
of k  were calculated from the slope of these linear plots.1

The Pseudo-second Order Equation Can Be Written as

(5)

Where  k   (g/mg  min ) is the rate constant. k  and2 2
1

q  can be obtained from the intercept and slope of plottinge

t/q  versus t [1].t
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RESULTS AND DISCUSSION in adsorption density can be attributed to the fact that

Fourier Transform Infrared Analysis: The functional the adsorption process [3].
groups of the sago waste sample obtained using FTIR At low concentration of Zn, the relative amount of
analysis are shown in Figure 1(a) and Figure 1(b). Based number  of  metal  ions to the available sorption sites is
on the Figure 1 (b), the absorption at 3428 cm  indicates low and then the fractional adsorption becomes1

the presence of -OH and -NH group, which was probably independent of initial concentration. While at higher initial
attributed to adsorbed water on the sago waste sample. concentration of Zn, there fewer adsorption sites are
The bands that appear at 1735 cm  and 1251 cm  shows available thus the removal of this metal is depends on the1 1

that the presence of oxygen functional groups like a initial concentrations [1]. Therefore, the ion removal is
highly conjugated C=O stretching in carboxylic groups dependent on the initial concentration of metal. The
and  carboxylate   moieties.   The   additional   peak at increase in capacity of adsorption is most likely due to a
2918 cm  indicates the presence of C-H. While the peak high driving force for mass transfer. Consequently, the1

at 1047 cm  signify the presence of S=O group [1]. higher the concentration of the adsorbate is, the better the1

Raw material and the sago waste after adsorption did adsorption [9].
not show much significant difference in the surface area
and the presence of similar chemical groups on their Effect  of  Solution  Initial  pH  on  the  Sorption  of  Zn:
surfaces indicates no changes of chemical structural The pH of the aqueous solution is an important parameter
involved in the adsorption behaviour. The presence of controlling the adsorption process. Adsorptions of
polar functional groups (C=O, S=O, -OH) could be different metals are optimized at different pH. Type of
involved  in  the chemical bonding and may responsible biomass used also influence the optimum pH for metal
for the adsorption of metals [1]. The carboxyl ion gives 2 adsorption [10]. The equilibrium metal uptake of sago
peaks, a weak peak and next to it, another strong peak at waste from Zn solutions (50 mg/l) at various pH values is
1634 cm . When the sago wastes were loaded with the shown in Figure 3. The metal uptake shows an increasing1

Zn ion, some differences in the distance between these pattern with the increasing pH values. The removal of Zn
two peaks appeared, so it led to the conclusion on the in Figure 3 shows that there is a rapid increase after pH 5
participation of carboxyl groups in the metal uptake [8]. and reached highest adsorption was attained at pH 9.

Effects of Solution Initial Concentration on the Sorption and the binding of the metal cations is determined
of Zn: The experimental studies were carried out with primarily by the state of dissociation of weak acidic group
varying initial concentrations of zinc, ranging from 5 to [2]. The presence of carboxyl groups (-COOH) in the sago
100 mg/l using 1 g of adsorbent dose at pH 2. The result waste are the important groups for metal removal as they
is shown in Figure 2. The figure illustrates that the amount can be used to describe the pH dependent of biosorption
adsorbed increased with increasing Zn concentrations in (Equation 6).
the  solution.  There  is a decrease of adsorption of Zn at
5 to 20 mg/l but slightly increased after the initial (6)
concentration reach 40 mg/l.

At initial concentration of 5 mg/l, the percentage of At low pH condition, the adsorbent and adsorbate
Zn removal based on the particle sizes of 300 µm, 500 µm are in the positive charge (M and H ) and therefore
and 1200 µm are 74 %, 47.6 % and 55.4 % respectively. resulting an electrostatic repulsion between the
While at the initial concentration of 20 mg/l, the interaction of both Zn ions and the adsorbent [11]. The
adsorption intensity decreased and it can be shown by surface of the adsorbent was surrounded by hydronium
the  percentage  of  Zn  removal based on the particle ions that compete with metal ions, which prevented the
sizes of 300 µm, 500 µm and 1200 µm are 6.8 %, 5.4 % and metal ions from approaching the binding sites on the
2.05 % respectively. The percentages of removal increase adsorbent, resulting in a decrease in the removal of Zn [1].
after  the  initial  concentration  of  Zn  reach  40  mg/l  to As the value of pH increase from 5 to 9, the
100 mg/l. The percentage of Zn removal based on the concentration of hydronium (H O ) ion decreases and the
particle sizes of 300 µm, 500 µm and 1200 µm at 100 mg/l ratio of binding sites and the metal ions will increase
are 6.93%, 7.78% and 10.03% respectively. The decrease resulting in an increase in the adsorption efficiencies [9].

some of the adsorption sites remain unsaturated during

At pH less than 4, metals are in the free ionic form

2+ +

3
+
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Fig. 1: FTIR spectra of sago waste (a) before the adsorption, (b) Sago waste after adsorption

Fig. 2: Effect of initial concentration of Zn 

Effect of Sago Wastes Particle Size on the Sorption of The smaller adsorbent particle size offers a
Zn: The effects of particle sizes of adsorbent are clearly comparatively larger and more accessible surface area, as
shown in the Figure 3. The results revealed that the size a result, higher adsorption occurs at equilibrium. Breaking
of the adsorbent plays an important role in the Zn a larger particle tends to open tiny cracks and channels on
adsorption process. The particles sizes of adsorbent used the particle surface that providing added surface area,
in this study are 300 µm, 500 µm and 1200 µm. The which can be employed in the adsorption process [11].
adsorption capacity of Zn ion by the 300 µm sago wastes
particle size is much higher compared to the larger particle Effect  of  Adsorbent  Dosage  on  the  Sorption  of  Zn:
sizes. The effect of altering the adsorbents particle size on The determination of the capacity of an adsorbent for a
the sorption capacity, q (mg/g) showed that, there was a given initial concentration of Zn that is 60 mg/l and 1 g of
more dominant removal of Zn by the smaller particles. adsorbent at pH around 2 can be measured by the
This was most probably due to the increase in the total adsorbent dosage parameter. The result in Figure 4 shows
surface area, which provided more sorption sites for the that  there  is a  decrease  in  the  amount  of  adsorption
metal ions [2]. per  unit  of  mass  of   adsorbent.  The   decrease   in  unit
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Fig. 3: Effect Of Initial pH on Zn removal

Fig. 4: Effect Of Adsorbent Dosage on Zn removal presented in Figure 5. The adsorption of Zn increased

Fig. 5: Effect of treatment time on Zn removal internal diffusion process that may determined the rate

adsorption with increase in the dose of adsorbent is
mostly due to adsorption sites remaining unsaturated Adsorption Isotherms: Langmuir and Freundlich
during the adsorption reaction [9]. Another reason of adsorption isotherm models are graphically shown in
decrease in adsorption is due to the particle reactions, for Figures 6 and 7. The Langmuir equation assumes that
example aggregation that is interaction between the adsorption is limited to monolayer while the Freundlich
adsorbent particles that accumulate and gather together equation  implies  sorption  on heterogeneous surface.
in the Zn solution, resulting from high adsorbent The adsorption of Zn were best fitted on the Langmuir
concentration. Aggregation would also result a decrease isotherm model since the R  shows highest amount of
in the total surface area of the adsorbent [1]. value as shown in the Table 3. This behavior indicate that

Effect  of  Treatment   Time   on   the   Sorption   of  Zn: monolayer adsorption. Therefore it can affect the amount
The effect  of  treatment  time  experiment  was carried out of Zn uptake by sago wastes. This explains why the sago
at pH 2 with 20 mg/l initial concentration of Zn and 1  g  of wastes as the adsorbent gave lower adsorption of Zn.

Fig. 6: Langmuir Isotherm model on Zn removal

Fig. 7: Freundlich Isotherm model on Zn removal

adsorbent. The dependence of adsorption of Zn is

with increasing treatment time and the equilibrium of the
adsorption was attained after 40 minutes. This result
explains that the adsorption of Zn to the binding site
required a very short time. In fact, the sago waste requires
less time for completing the removal of metal due to the
high surface area and more functional groups present in
the sago waste [11]. At the initial stage, the adsorption
takes place rapidly within the first 10 minutes and this
behavior suggests that the adsorption occur faster on the
external surface of the adsorbent followed by a slower

determining step [1].

2

the adsorption of sago waste on Zn ions involving the
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Table 3: Langmuir and Freundlich isotherm parameters for Zn uptake

Langmuir equation Freundlich equation

------------------------------------------------------------------------------------- -----------------------------------------------------------------------------

Adsorbent size (µm) Qm (mg/ L) b R     K n R2 2
f

300 10.4 -1.2365 0.6654 1.25x10 3.6075 0.1672-4

500 19.7 0.7299 0.161 9.31x10 1.5763 0.3958-5

1200 39.4 0.119 0.0085 9.09x10 1.7705 0.2215-5

Note: Q  and b are Langmuir constants, K  and n are Freundlich constants and R  is regression coefficientm f
2

Table 4: Adsorption kinetic parameters

First Order Kinetic Model Second Order Kinetic Model

---------------------------------------------------------------------- ---------------------------------------------------------------------

Adsorbent Size (µm) q  (exp) (mg/g) k  (x10  min ) q  (mg/g) R k  (g/mg min ) q  (mg/g) Re 1 e 2 e
3 1 2 1 2

300 0.15 2.7636 1.1058 0.9797 2.007 0.1583 0.9984

50 0.14 3.4545 1.1150 0.9806 1.3963 0.1562 0.9947

1200 0.13 2.7636 1.0789 0.9797 3.8375 0.1350 0.9995

Note: q  (exp) is the experimental value of Zn adsorbed, k  is the rate constant of the pseudo-first order sorption, q  is the amount of Zn adsorbed at equilibrium,e 1 e

k  is the rate constant and R  is regression coefficient2
2

Fig. 8: Pseudo first-order sorption kinetics of Zn removal Table 4 is in good agreement with the experimental qe

Fig. 9: Pseudo second-order sorption kinetics of Zn aqueous solution. The adsorption of Zn increased with
removal increasing treatment time and the equilibrium of the

Adsorption Kinetics: Adsorption kinetics models can that at initial concentration of 5 mg/l, the percentage of Zn
interpret the experimental data related to the effect of removal based on the particle sizes of 300 µm, 500 µm and
treatment time of adsorption by sago wastes on Zn 1200  µm  are  74  %,  47.6  %  and  55.4  %  respectively.
removal and the adsorption kinetics equation rate are The percentages of removal increase after the initial
graphically shown in Figures 8 and 9. In order to concentration  of  Zn  reach  40  mg/l  to  100 mg/l. At pH
determine the adsorption kinetics of Zn ions, the first- 7 which represents the normal pH range in wastewater

order and second-order kinetics models were checked.
The first-order rate expression of Lagergren based on
solid capacity is generally expressed in Equation 4. The
straight line of the plot log (q -q) versus time can be usede

to determine the value of q  and k  values that shows ine 1

the Figure 8. The second order adsorption model can be
expressed in the Equation 5. The plot of t/q  versus time ist

shown  in  the  Figure 9. The results show that the
second-order  equation  was  more appropriate since the
q and the R  regression coefficient obtained from thee

2

(exp) values. Thus, this indicates the pseudo second-
order kinetic model are involved in rate determining step,
which may be a chemical sorption or chemisorption. This
suggests that the rate-limiting step may be chemical
sorption rather than diffusion [1].

CONCLUSION

Results  from  this  study indicated that C=O, S=O
and -OH functional groups in the sago wastes samples
may be responsible for the adsorption of Zn from the

adsorption was attained after 40 minutes The data showed
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treatment, maximum Zn adsorption is 0.45 mg/g. It is 5. Singh,  D.  and  N.S.  Rawat,  1997.  Adsorption  of
recommended that further complimentary study should be heavy metals on treated and untreated low-grade
conducted, for instance the sago wastes should be bituminous    coal.   Indian   J.   Chemical   Technol.,
modified chemically in order to further enhance or improve 4: 39-41.
the removal of heavy metals from solution. 6. Singhal,  R.S.,  J.F.  Kennedy,  S.M.  Gopalakrishnan,
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