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Abstract

This research project intended to study the performance of chifosan as flocculating agent for
removal heavy metal (zinc) from artificial water Chitosan was used due to its special charactenstics
such as nen-toxic, hydrophilic, biodegradable, biocompatible, and anti-bacterial, biopolymer and
very good adsorption of heavy metal which has led to a very diverse range of its applications. The
presence of a large mumber of amine groups on the chitosan chain increases 1t adsorption capacity:
The effect of contact time, dosage of chifosan, agitation speed and pH were observed for optimal
absorption of the zine in synthetic water. Thus, the application of conventional jar test method used
for removal of zine from synthetic water. Thus, the results of flus project which 15 52.40% of
percentage removal of zine with optinmmn conditions; pHT, 30mg desage, 12 minutes of contact
time, and 190 rpm agitation speed approved that chitesan competent to be the altemative adsorbent.

Egywords: Expenimental Design, Central Composite Design, Agitation Speed, Chitosan
Biopolymer, Heavy metals, Environmentally Friendly.

24, Introduction Hyacinth (Eichhornia crassipes) are few of the

Heavy metals commonly found in local
wastewaters consist mainly of chromium
cadmim, lead, zinc, arsenic, mickel and silver.
Zime (IT), amoeng others, although provides
essential elements for human and plants. 1s
comparatively toxic in high concentrations
which ean lead to various health diseases such
a5 nAnsed, anemia, pancreas damage and
decreased levels of high density lipoprotein
(HDL) (USDH, 2003, Qudsich et al. 2012).
Chemical precipitation freatment and some
other methods such as ion exchange and reverse
0smosls processes are often required to treat
leachate_ which is costly and usually not an
environment fnendly solution. Femoval of
cadmim and cyanide from effluents through
electro dialysis, removal of zine by Water

effective methods of heavy metals removal for
the industrial applications. The costs for these
types of operations were relatively high
compared to the current requirements of
treatments needed in this country. For example,
treatment by Water Hyacinth will consume a
vast amount of land spaces due to the large
water surface area neaded to grow the plants
(IunX et al., 2004).

A vaniety of biclogical coagulants can be
found throughout the globe as well Monnga
oleifera seeds can be used as a natural coagulant
(prmary coagulant) i household water
treatment as well as in the commumity water
treatment systems. Use of Moringa Oleifera
seeds as a coagulant began in the Sudan but has
spread significantly over the past several years
{Dishna Schwarz 20007 However, there are shll
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some disadvantages of using Monnga oleifera
as coagulant such as the punfied water might
still camy some pathogenic mucroorzanism
although the treatment makes the water clear
and dnnkable. Moreover, there is a possible of
bactena increase after the coagulation of water
and the coagulation is not available n pure
form (Dishma Schwarz, 2000). In contrast, the
used of chitosan, which is widely used because
of its biodegradability and its structural
properties (Dodane and Vilivalam 1993), for
removing the heavy metal had been approved
where this biopolymer can collect the
completely the ionic form of zine. copper and
cadmiim (F. A A Muzzarelli and Laszlo
Sipos, 1971). A process for removing heavy
metals from waste-water is being developed
using chitesan beads, a selective, ugh-capacity
adsorbent. The process mimmizes fouling and
generates a concenfrated heavy-metal stream
that can be processed to recover the heavy
metals. Nowadays. there 1s a growing mterest in
the production and use of new materials from
renewable sources. Natural pelymers are
replacing  synthetic polymers in different
applications partly because the waste from
natural polymers is nommally biodegradable
(Majeti and Kumar, 2000; Wood, 2001). In this
study, the performance of chitesan used in
removal of zne from model water was
mvestigated, the operating conditions were
optimized by using Design Expert software and
the results were vahidated to develop and design
of a water treatment system.

25, Materials and Methods
2.1 Removal of zinc from water by wsing
chitosan

Fine was removed from model water (stock
solution) through coagulation process. The
experiment carmed out by Jar test method In
this method, the amomt of zinc before and after
the reaction was determined and four vared
parameters were considered; dosage of
chitosan, agitation speed, contact ime and pH.
The effect of zinc removal was studied and

optimization was done before the experiment
started.
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2.2 Experimental materials

2.2.1 Starting materials

Chitosan powder (degree of
deacetylation 8825} was used for the removal of
heavy metals (Zinc) from water was provided
by Department of Chemistry, University of
Putra Malaysia.

2.3 Methods
1.3.1 Experimental Method
1.3.1.1 Preparation of standard solution

A standard solution containing 10 mg Zinc as
zinc sulfide heptahydrate selution in water. A
4.4 g of zinc sulfide heptahydrate

{Zn50,. TH,) was weighed and dried at 105 °C
for an hour. Then, the dned ZnS0. TH,O was
dissolved in 1L water in a volumetric flask. The
solution was stored at below temperature 4°C.
Then the 3.0 mg/L stock solution of zinc was

prepared.

2312 Methods for removal of Jne from the
madel water
Certam amount of Chitosan powder

was added to the stock solution (30ml of the
stock solution with the desired pH that had been
prepared according to the design, was
transferred into 100mL beaker) and at the same
time, the agitation speed of the jar test impeller
was adjusted according to the desired value, the
experniment was started according to the design
of expeniment parameters by using jar test
apparatus. Then, the experiment was repeated
for different parameters with different factors.
The amount of Ainc present in the model water
was tested by using the calibrated Atomic
Absorption Spectrometer (AAS). Aswellasa
blank selution of distilled water and standard
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solution with vaned concentration of Ainc were
prepared.

2.4 Design of experiment and statistical
analysis

A design expeniment is a test which
some changes are made into the input variables
of a process or a system so as to observe and
1dentify the reasons for changes in the output
response. Design of expeniments is the
application of geometric principles to statistical
sampling to obtain desired results such as
mininizing the number of experiments
necessary to obtain the answer to a problem.
Cost and quality are the basis elements of value
{(Jayan, 2000). A well planned set of
experiments, in which all parameters of interest
are varied over a specified range, is a much
better approach to obtain systematic data. Such
a complete set of experiments will give desired
results (Jayan, 2000). The optimization was
done by using Design Expert software where
the parameters involved got from the literature
Teview were prompted together with their
values. This step was done to reduce the
number of nms due to the limitation in time and
resources, Four factors with three levels (low -
17, moderate “0" and high “+1") were applied
to fractional factonal design with randonmze
nms. Table below shows the parameters with its
vaniation which was used in the removal of
heavy metal (zinc) experiment. The run orders
of expeniment were determined by using Design
Expert software. The equations were developed
to predict the theoretical values of removal of
zinc so that it can be compared with the
experimental values. This was followed by
analysis of the regression equation by statistical
tools; Analysis of Variance (ANOWVA). F test.
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Table 1 : Parameters for removal heavy

metal (zime)
Factors -1 1] +1
Chitosan dosage {m=) 10 20 30
Agitation (rpm) 50 125 200
Contact Time (min) 2 7 12
pH 3 5 7

Chitosan dosage, pH, contact time:
Karthikeyan. et al (2003), Azitation: Foussy.
et.al (2003)

The percentage of heavy metals
removal was taken as the dependent vanables or
response (¥ ). A second order polynomial
equation was then fitted to the data by multiple
regression procedure. This result in empirical
mode] that relate the response measured in the

independent vanables to the experiment. For a
four factor system, the model equation is:

T=Po* Py + Bomy + Parts + Bas - Puxr +
Paxy” + Pasks” + Paaxy™ + Proxi®y + Pramyxs +
Pramixs + Poaxoxs + Posmons + Paemz e (1)

Where Y is the percentage of zinc removal (%o,
mg/L), predicted response; fiy, intercept; By, fa.
P:. Ps, Imear coefficient; By;. Pro. Pas. Pus.
squared coefficients; Piz, i3, Prs, Pus, Pas, Pos,
Bss. P
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Table 2: Process design optimization of zine
removal

Rum  Dosage  Contact  pH  Agitation
(mg) Time speed
{mim) {rpm)
1 3EW 7.00 500 12500
I 0 700 300 200.00
3 0m 1200 300 50.00
¥ m 700 500 13500
5 10.00 200 300 50.00
& 000 To0 500 13500
7 2000 7.00 00 12500
B 10.00 1200 300 20000
CETT 700 500 12500
L 12 700 50.00
11 10 1200 700 20000
12 20 B0 500 12500
13 200 L.o0 500 12500
¥ 0w T00 00 1500
15 2000 7.00 500 250.00
16 3000 200 700 200.00
7 000 700 500 13500
18 2000 7.00 500 12500
10 2000 T.00 500 0.00
IV X' 700 700 50.00
21 5.00 700 500 12500

33. Results and Discussion

3.1 ANOVA Response
According to the results from the ANOWVA

response; Table 2, the mean square gave total
20 mmns but only nine nuns were measurad. 13
nms were rejected due to lack of fit and pure
error calculation. Then, there were seven nms,
which could be considered as significant
because the P values were less than 0.05. The
term sigmificant was represented the value of
probability “Prob = F” which less than 0.05.
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According to the results, the factors A, B, C, D,
AB, AC, and BD were significant. However,
the values still not equal to zero meanwhile the
values of zero mean very good. Thus, from the
results, there were four factors that had a good
result which the P values were almost equal to
zero. Those four factors were A, C, D, AB and
AC which equal to 0.001.

3.2 Factors Influencing the Adsorption of
Zine

3.2.1 Efffect of Dosage

The dependence of zinc adserption on dosage
was studied by applied three different amounts
of adsorbent (10, 20 and 30 mg/L), those values
were randomly sorted with other three
parameters which produced a vaned data for the
experiment. Fignre] represents the percentage
removal of zine in water at a varied
concentration of adsorbent. From the figure, it
can be observed that removal efficiency of the
adsorbent generally improved with increasing
dosage.

Ot Fntws Pl

Figure 1: Percentage removal of zine vs Dozage

3.2.2 Efffect of Contact Iime
Eesult of Figure 2 indicates that removal

efficiency increased with an increase in contact
time. Other parameters such as the dosage of
adsorbent, pH of solution and agitation speed
was kept optimum, while temperature was kept
at Toom temperature. It can be seen that removal
efficiency increased as the contact ime
increased. However, after sometimes, the
percentage removal was slow with the
mcreasing of time.
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e F gl Fint

Figure 2: Percentage removal of mine vs contact
time.

3.23 Effect of pH
To study the effect of pH on the zine removal

efficiency, pH value was set at three different
levels according to the design which were 3, 5
and 7. As shown in Figure 3, the uptake of free
1onic Anc depends on pH, where optimal metal
removal efficiency occurs at pH7. Figure 3 also
indicated that the percentage removal of zinc in
the water was increased as the pH value was
mereased. Therefore, it showed that the
mereasing of pH will eventually ingease the
percentage removal of zine value.

O Fachicr Pt

Figure 3: Percentage removal of zine v pH

3.24 Efffect of agitafion speed

Apmtation speed 15 one of the parameter used in
the experiment and it was also design at three
different levels. Then, the effect of agitation
speed on removal efficiency of zinc was studied
by applying three different speeds of azitation
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which is 50rpm, 1251pm and 200rpm. As can be
seen from Figure 4, the percentage of znc
removal efficiency generally increased with
mcreasing of agitation speed.

v Fimtid Pl

Figure 4: Percentage removal of zne vs agtation
speed

3.2.% Factors affecting the efficiency of zine
removal

F.2.5.1 Dosage and contact fime

Result of Figure 5 shows that the removal
efficiency was also affected by interaction of
two factors which are dosage and contact time.
The figure indicated that, the percentage of zine
removal was increased with increasing dosage
and contact time.

L

Figure 5: Percentage removals of zine vs contact
time and dosage.
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3.2.5.2 Dosage and pH

The efficiency of zne removal also depends on tero
inferaction factors which are dosage of absorbent
and pH. As shown in the Fig. 6-6, the percentage of

zine removal was increased when the amount of

absorbent mereased together with the mereasing of
pH value

_ Parcemage rasousl

Figure 6: Percentage removal of zine vs dosage and
pH.

2.2.5.3 Contact fime and Agitafion speed

The percentage of zine removal from water was also
depends on two mterachions; contact time and
azitztion speed. Figure 7, showed that the zine
removal percentage was increased when the factors
of amtation speed and contact tome were mereased.

Parsmimge T
S — 4 i R

Figwe 7: Parcentage removal of zine vs contact tome
and amtzhon speed

3.3 Optimization
According to the numernical solution in
optimization part, (Tables 3-5 below), there
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were 10 solutions for the optimized condition.
However, the first solution was selected
because it had a better result of zinc removal
and also suggested by the Design Expert
software. The optinmm conditiens suggested
were at pH7, 30mg dosage, 17 minutes of
contact time, and 190 rpm agitation speed.

Table 3: Process desizn optimization of 7inc removal

Contac Agitatic  Percenta
Rln :’E’E t Time I]-:'[ nipesd & rmm‘:ﬁ
(min) (rpum) (%)
1 35 7 5 125 3480
- 30 12 3 50 1283
3 20 7 5 125 18.50
4 30 2 3 200 10.56
= 30 12 7 50 41.02
P 20 7 5 125 18.50
= 5 7 5 125 BT
8 20 7 8 125 3392
g 20 7 5 )] 1227
10 20 7 5 125 18.50
1 10 2 3 50 538
12 20 7 5 125 18.50
13 10 12 7 200 ]
14 20 7 8 125 3392
15 20 7 5 250 2408
16 30 2 3 200 10.56
17 10 12 3 200 755
13 20 7 5 125 18.50
10 10 2 7 50 752
20 20 7 2 125 6.13
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7 25
a1 .|| ] 5 125 1059

Table 4: ANOVA for Response Surface
Reduce 2FI Model (Response: Zine

concentration)
Somrc Sum D Adeam F Prob = F
] of F
Square  Vale
Squar
[
Mode 23, T 26001 00 <00001 Sign
1 1] ] .
A 330 1 = .0001

33502 1324

b

1752 1 1752 1312 0.0041

[¥ 1355, 1 125566 B6BD =000
] 5
B07T 1 BO.TT 5500 < 0.0001

T8 T 4166 J8ES 00T

= (O00T

D

AB

AC B 1 B0 3356
BD

Teor I Taon 1159 [(ECEE]

Besid 1872 1 143

Lack 1878 46 313

Car M1
Total 85

L= =]
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The Model F-value of 200.00 implies the
model is significant. There 15 only a 0.01%
chance that a "Model F-Value" this large could
oceur due to noise. Values of "Prob = F" less
than 0.0500 indicate model terms are
significant. The term A represent a dosage of
chitosan, B represent contact time, C and D
represent pH and agitation speed respectively.
In this case, A, B, C, D, AB, AC, BD are
significant mode] terms Values greater than
0.1000 indicate the model terms are not

significant.

Table 5: Optimization Fesults

peddig

e g e

Pt ENEA)E TETaRs
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Figure 8: Perturbation plot

The perturbation plot above (Figure 8) used to
compare the effact of all the factors ata
particular point in the design space. The
response was plotted by changing enly one
factor over its range while holding of the other
factors constant. It helps in analyzing all
mdependent vaniables that influence adsorption
capacity of chitosan. This model will consider
all parameters and conditions required and
come out with adsorption capacity equation.
Eeferred to the Figure 9 below., the value of
actual and predicted were closed. Thus, it
means that all the factors are affecting the zine
removal efficiency by using the chitosan. The
output for multiple regressions for average
removal 15 shown in figure 9.

NIRRT P
s LS P

Pradicied v, Aciual

Figure 9: Predicted value vs actual valuoe

This cutput shows the results of linear
regression to describe the relabionship between
average percentage removal with imitial pH,
dosage of adsorbent, agitation speed and contact
time. The equation of the fitted model as
following:

Percentage Remowval =3.24218 - 0.55300%4A
-197752*B + 1.32147*C + 4. 50646E003*D
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+0.073303*AB + 0. 18007 *AC + 6. 61908E-
003* BD

Where: A = Dosage (mg); B= Contact time
{mumute); C = pH; D= Agitation speed (rpm)

Then from the results of central composite
design (CCDY), it can be concluded that removal
efficiency will be mereased with the mereasing
of all parameters involved.

3.4 Removal Efficiency

The influences of several operational
parameters such as dose of adsorbent, agitation
speed, pH and contact time were investigated.
Based on the optimization result (with optinnm
condition; pH7, 30mg dosage, 12 minutes of
contact time, and 190 rpm agitation speed), the
final optimize concentration of Zinc was
produced. Then, from the results. the percentage
of removal efficiency (E) of the adsorbent on
zinc was calculated (32.40%) and it means only
52 407 concentration of zinc that had been
removed from the model water by using
chitesan under the optinm conditions.
Caleulations were done according to equation
6)

Cc0-C1

E(h) = #1000 3)

C; = imifial concentration of nc solution
(mg/L)

C1 = equilibrivm concentration of Anc selution
(mgL), respectively.

3. Conclusions
In the continuing search te find more effective

adsorbents, this was a good oppertunity for the
biological absorbent; chitosan to make a
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bregkthrough in the environmental aspects.
Even though their truly potential usages are
unknown, chitosan had shown possible
applications in various fields. and perhaps, this
15 one of them. Basically, chitosan required
several factors to influence their adsorption
process. Similar to other adsorbents, the
efficiency of chitosan as a flocculating agent
are greatly dependent on pH, agitation speed,
dosage, and contact time. From the results, it
was clearly shown that removal efficiency for
zinc was increased with the increasing of all
parameters. The sequence of dominant factors
that will make a great difference had been also
successfully identified. It began with pH
dosage of chitosan, agitation speed. and
followed by time. Therefore. from the results
obtained it was approved the capacity of
chitosan as flocculating agent o remove zine
from model water. Even though the highest
maxinmm removal was achieved to be only
=52.40 % (with optimum condition; pH7, 30mg
dosage, 12 minutes of contact time, and 190
pm agitation speed). So, it was enough to
mdicate that chitesan is competent to be the
next altemative adsorbent. All parameters
responsible in influencimg removal of zine have
been identified. Furthermeore, a general
adsorption equation based on parameters
selection had also been obtained. (Percentage
removal = 324218 - 0.55399*A -197752* B
+1.32147* C +4.30646E - 003*D
+0.073303 *AB + 0.18097*AC +6.61908E-
003* BD).
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