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Abstract

BACKGROUND: In this paper, the efficiency of Guar gum as a biopolymer has been
compared with two other widely used inorganic coagulants, ferric chloride (FeCls) and
aluminum chloride (AICls), for the treatment of effluent collected from rubber washing tanks
of a rubber concentrate industry. Settling velocity distribution curves were plotted to
demonstrate the flocculating effect of FeCl;, AICI; and Guar gum. FeCl; and AlICl; displayed

better turbidity removal than Guar gum at any of the settling velocities.

RESULT: FeCls, AICI; and Guar gum removed 92.8%, 88.2% and 88.1% turbidity of raw
wastewater at a settling velocity of 0.1 cm min”, respectively. Scanning Electron
Microscopic (SEM) study conducted on the flocs revealed that Guar gum and FeClsproduced
strong intercoiled honeycomb patterned floc structure capable of entrapping suspended
particulate matters. Statistical experimental design Response Surface Methodology (RSM)
was used to design all experiments, where the type and dosage of the flocculant, pH and
mixing speed were taken as control factors and, an optimum operational setting was

proposed.

CONCLUSION: Due to biodegradability issues, the use of Guar gum as a flocculating agent

for wastewater treatment in industries is highly recommended.

Keywords: biopolymer; biodegradable; wastewater treatment; flocculant; flocs



1. Introduction

Most industrial processes produce by-products, which are considered to be sources of
pollution and therefore require treatment. The treatment of industry waste increases
production costs, therefore increasing the efficiency of this process is invaluable.'
Clarification of wastewater by flocculants is extensively used for wastewater treatment and is
a simple and efficient process to operate. Many factors, such as the type and dosage of the
flocculant, > mixing speed,l’ +5 time, pH,("8 temperature 6.9 and retention time etc., influence
the efficiency of the wastewater clarification process. The optimization of these factors may
considerably augment the efficiency of the process.

The rubber industry is one of Malaysia’s most profitable industries, however it generates
large quantities of wastewater that contains high concentrations of organic matter and
suspended solids.'” For example, the wastewater generated from the latex concentrate
industry contains a high organic load and generates malodor when discharged into receiving
water bodies.'" Thus, treatment of wastewater is a necessary to prevent the release of harmful
waste into the environment.

Most of the chemical flocculants used in wastewater treatment do not degrade naturally and
are also costly to treat. The quantity of sludge produced by inorganic coagulants is also high.
In this study, the potential use of Guar gum, a cheaper, naturally occurring and non-toxic
biopolymer, as a flocculent aid in wastewater treatment has been investigated. The study
compares the efficiency of Guar gum with respect to two commonly used chemical
flocculants; ferric chloride (FeCls) and aluminium chloride (AICI;).

The present study is divided into two sections. In the first part, the effect of time on the
settling of flocs at different pH and with different flocculants was studied. The data from

three experimental runs were used to generate settling velocity distribution curves (SVDC).



The second section aims to optimize the flocculant dosages, pH and mixing speed in order to
achieve the highest removal efficiency of turbidity, using FeCls, AICl; and Guar gum. The
optimization is carried out via the Box Behnken RSM experimental design. The interactions
between factors that influence the removal of turbidity were established, and model

describing the effect of the factors on the removal of turbidity is also described.

2. Methodology

2.1 Chemicals

The wastewater was treated with two types of chemical coagulant and one biopolymer of
plant origin. The inorganic chemical coagulants used were analytical grade FeCl; and AlCl;.
Separate 1gml™ solutions were prepared for both FeCl; and AICI;. The plant origin coagulant
used was food grade Guar gum, which is the grounded endosperm of Guar beans. Guar gum
is a straight chain galactomannan that has galactose on every other mannose unit. The
structure of Guar gum is shown in Figure 1.Guar gum is a biopolymer which can form bridge
between two or more particles at the same time and form aggregates called flocs.'? This plays
an important role in the flocculation process. Fine grade category of Guar gum was used was
used for the experiments. A solution of 1gml™ was prepared using 0.1 gm sample dissolved
in 100ml of distilled water. To make an evenly wetted solution, the powder was added slowly
to distilled water and the beaker containing the water was slowly shaken. New Guar gum

solutions were prepared after every twelve hours to prevent growth of moulds.
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Fig 1. Chemical structure of Guar Gum 3

2.2 Wastewater sampling

The wastewater was collected from a latex concentrate factory. In a latex concentrate factory
the coagulated latex from the rubber field is severed into small pieces and washed to remove
sand, dried wood, leaf pieces and other impurities to produce the latex concentrate.
Chemicals are not used during this process. The wastewater was collected from the outlet of
rubber washing tank. The wastewater was stored in a refrigerator at 4'C. The samples were
not diluted for the experiments.

The characteristics of wastewater which was collected from the rubber concentrate industry is
presented in Table 1. The wastewater, containing both inorganic substances as well as
organic substances had a pH ranging between 7.3 to 7.4 and is within range of the Malaysian
discharge standards. The temperature of the wastewater is 28°C which is much less than the
Malaysian discharge standard.'* However, the wastewater contains about 867 and 228 mgl™
COD and BODs respectively, both of which are higher than the discharge standard. Also
significant amount of colour, turbidity and bacterial count is present. The effluent in addition
to this has a characteristic malodor. According to the Malaysian standards, the treatment of

this wastewater is required before its discharge into any surface water body.



Table 1. Characteristics of rubber industry effluent

Parameters Concentration Standard Deviation Malaysian Standards
Temperature 28.7°C 0.14 40
Conductivity 2.793mS 0.005 -

pH 7.33 0.05 6-9
Turbidity 87.8NTU 0.07 -

Colour 200TCU 21.21 100 ADMI
TA. 19.8 mgl™ 2.4 -

D.O. 0.23 mgl’ 0.04 -

COoD 867 mgl 56.57 200 mgl™!
BODs 228 mgl 14.85 20 mgl™
TOC 0.04 mgl™ 0.007 -

Phenol 0.44 mgl’! 0.09 0.001 mgl™
Hardness 12.3 mgl 1.9 -

Total Nitrogen 13.5 mgl 2.12 -
Ammonical N 4.47 mgl”! 0.06 10 mgl™
Nitrate N 1.10 mgl™ 0.09 -
Phosphate 2.70 mgl™! 0.28 -

Sodium 2.90 mgl™ 0.21 -
Potassium 2.40 mgl™ 0.28 -

Iron 3.85 mgl” 1.2 1 mgl”
Total Bacterial Count 130CFU/ml 49.5 -

2.3 Analytical methods used for physicochemical parameters

The wastewater was first analyzed for various physico-chemical parameters, such as pH,

turbidity, conductivity, colour, alkalinity, Dissolved Oxygen (DO), COD, BODs, total

dissolved solids (TDS), total alkalinity (TA), Total Organic Carbon (TOC), phenol, hardness,

total nitrogen, Ammoniacal N, Nitrate N, phosphate, sodium, potassium, iron and total

bacterial count. The COD was analyzed through a standard dichromate closed reflux method.

The concentration of heavy metals, such as Manganese and Iron, were measured using ICP-

OES. The other parameters were measured using standard methods.'> The experiments were

carried out in duplicates under identical conditions.



2.4 Settling Velocity Distribution Curves

A method, based on the same principles as that described by Hudson,'® was used to examine
the settling characteristics of the flocculent suspensions produced. Three experimental runs
were conducted and the pH of the three jars was adjusted to 8.5. After attaining the required
pH, the stirring paddles were lowered into the jars and the flocculent mixing design, starting
with the highest speed of 185 rpm, was initiated. The samples were dosed with 1.75mgl'1
each of FeCl;, AICl; and Guar gum. Dosing was carried out as described in Section 2.6.
According to Bartby 7 there are several benefits of collecting samples according to this
method. Problems faced during traditional sample collection techniques of column settling
where floc size, permeability, and compressibility are measured, is easily avoided by doing
away with handling operations. In this process the flocs are produced under controlled
circumstances and collection of sample and analysis eliminates the requirement of any
transferring operations during which floc breakage may occur. Twenty-five minutes after the
initiation of flash mixing, the paddles of the jar tester were stopped. Samples were drawn
from a fixed depth of 2cm below the liquid surface of the flocculent suspension, at randomly
chosen sampling times of 1, 2, 4, 8, 10, 15, 20, 25 and 30 minutes and analyzed for turbidity
removal. New pipetting tips were used for each sample withdrawal. The results are shown in

Table 5.



2.5 Experimental Design and Data analysis

The experimental design, mathematical modeling and optimization studies were completed
using Design Expert 7 software. Design Expert software facilitates the design and
interpretation of multifactor experiments. It generates D-optimal designs so that existing
designs can be improved or new designs created. The Box Behnken design was used to model
the experiments and the design summary is presented in Table 2. Box Behnken designs are
spherical designs characterized by set of second-order designs based on three-level
incomplete factorial designs which are either rotatable or nearly rotatable. '* Within the
spherical space Box Behnken design has excellent predictability and requires less number of
experiments than other types of designs. The experimental design, as provided by the

software, is given in Table 3.

The interaction between process variables and response was determined by graphically
analyzing the data by Analysis of variance (ANOVA). The independent variables used in the
study were; pH, mixing speed and dose as numeric factors and AlCl;, FeCl; and Guar gum
represented categorical factors. They are coded as A, B, C and D respectively, as shown in
Table 2. The range of variation of independent variables varied through -1, 0 and +1, and was
fixed based on preliminary experiments and a literature survey. The same programme
determined the quality of fit of the polynomial model, expressed by the coefficient of
determination, R%, and its statistical significance was checked by the Fisher F-test (Fisher
variation ratio). Model terms were selected or rejected based on the P value (probability) with

a 95% confidence level.



The interaction between three factors i.e., pH, flocculant dose and mixing speed were shown
in three-dimensional plots. The nature of interaction between two factors were also
represented by the three dimensional plots.

The first step of RSM requires the addition of appropriate approximation, with the purpose of
finding a true relationship between the set of independent variables (factors) and the
dependent variable i.e., the response. According to Bayraktar ' a model is upgraded by
adding higher order terms to the preliminary model when the linear model is insufficient to
explain the shape of the response surface. Thus the linear model is then explained by a

19-22

quadratic equation, as defined in Eq. (1).

L-.ﬁ T Eﬁln 'jf T -l...lg..jf.-" E:‘:ﬂf- t'-'Y-'Yf"E' (1)

where y is the response or dependent variable, i and j are linear and quadratic coefficients
respectively, B is the regression coefficient, k the number of factors studied and optimised in

the experiment and ¢ is the random error.

Table 2. Experimental Design Summary

Factor Name Type Low Actual High Actual  Central Values (Zero level)
A pH Numeric 5 12 8.5

B Mixing Speed Numeric 120 rpm 250 rpm 185 rpm

C Dose Numeric 1.5 mgl” 2 mgl” 1.75 mgl”

D Coagulant Categorical FeCls Guar Gum AlCl;




Table 3. Design of Experiment

Run pH Mixing Speed Dose Coagulant
(rpm) (mgl™)
1 8.5 185 1.75 FeCls
2 8.5 185 1.75 FeCl;
3 5 185 2 FeCl;
4 5 185 2 Guar Gum
5 8.5 185 1.75 Guar Gum
6 8.5 185 1.75 AlCl;
7 8.5 120 2 Guar Gum
8 12 250 1.75 AlCl;
9 12 185 1.5 Guar Gum
10 5 185 1.5 AlCl;
11 8.5 185 1.75 AlCl;
12 8.5 120 1.5 Guar Gum
13 8.5 250 2 FeCl;
14 8.5 250 2 Guar Gum
15 5 185 1.5 FeCl;
16 12 185 1.5 FeCl;
17 12 250 1.75 Guar Gum
18 5 120 1.75 AlCl;
19 12 120 1.75 AlCl;
20 8.5 250 1.5 FeCl;
21 12 120 1.75 Guar Gum
22 8.5 250 1.5 AlCl;
23 5 185 2 AlCl;
24 12 185 2 Guar Gum
25 12 185 2 AlCl3
26 5 120 1.75 FeCl;
27 8.5 185 1.75 AlCl;
28 12 120 1.75 FeCl;
29 8.5 185 1.75 Guar Gum
30 8.5 250 2 AlCl;
31 8.5 250 1.5 Guar Gum
32 8.5 185 1.75 Guar Gum
33 5 250 1.75 AlCl;
34 8.5 120 1.5 FeCl;
35 5 120 1.75 Guar Gum
36 8.5 185 1.75 FeCls
37 12 185 1.5 AlCl;
38 8.5 185 1.75 FeCl;
39 8.5 120 2 FeCl;
40 5 185 1.5 Guar Gum
41 8.5 185 1.75 AlCl;
42 8.5 185 1.75 AlCl;
43 12 185 2 FeCl;




44 12 250 1.75 FeCls

45 8.5 185 1.75 FeCls
46 8.5 120 2 AlCl3
47 8.5 120 1.5 AlCl;
48 5 250 1.75 FeCl;
49 5 250 1.75 Guar Gum
50 8.5 185 1.75 Guar Gum
51 8.5 185 1.75 Guar Gum

2.6 Chemical clarification and flocculation

Clarification of the wastewater was done using a jar test apparatus (Phipps and Bird PB-900
Programmable Jar Tester). The optimum concentration of Guar gum, AlCl; and FeCl; with
respect to turbidity removal was determined through jar test studies. The treatment of
wastewater was carried out in 500ml glass beakers at various dosages of the biopolymer and
the two coagulants and analyzed. The pH of wastewater in each beaker was first adjusted to
the required value by drop wise addition of 0.1N HCI or NaOH while the pH was recorded in
a mobile pH meter (Metler Toledo Delta 320 pH meter). After obtaining the desired pH
levels, the beakers were placed on the jar test apparatus and the paddles were inserted into
each beaker. The mixing was carried out in three phases. The stirring paddles were operated
at maximum speed (flash mixing) in the first phase. Dosing of Guar gum, AlCl; and FeCl;
was done two minutes after the beginning of flash mixing. For rapid dispersion the
coagulants were dosed as close to the hub of the propeller as possible. The flash mixing was
continued for another three minutes. The speed of the propeller was reduced in two phases.
The design of the mixing speed is given in Table 4. The supernatant obtained after 30

minutes of settling was subjected to turbidity analysis in HACH 2100N Turbidimeter.



Table 4. Design of Mixing Speed

Phase 1(Flash Mixing) Phase 2 (1 Slow mixing)

Phase 3 (2" Slow mixing)

120 rpm
185 rpm
250 rpm

80 rpm
70 rpm
60 rpm

40 rpm
40 rpm
40 rpm

2.7 Physico-chemical characteristics of sludge

The images from Scanning electron microscope (SEM) of the flocs, produced after the

wastewater clarification, were obtained using the SEM microscope operating with SE2

detector of ZEISS Auriga Scanning electron microscope. The FTIR of the flocs and

wastewater was studied in Bruker Vertex 70/70V spectrophotometer. Zeta potential of the

treated water was measured in Zetasizer Nano ZS. The size of the flocs was measured by

Malvern Mastersizer 2000.

3. Results and Discussions

3.1 Settling Velocity Distribution Curves

Table 5. Settling velocity vs measured turbidity at different time intervals and percent

turbidity remaining

Time Settling ~ Measured Measured Measured  Percent Percent Percent
(min)  velocity turbidity  turbidity  turbidity =~ Turbidity = Turbidity Turbidity
(cmmin™)  (FeCls) (AICly) (Guar Remaining Remaining Remaining
Gum) (FeCl3) (AICl3) (Guar gum)
1 2 40 42 42 45.6 47.8 47.8
2 1 25.36 353 36.9 28.9 40.2 42.0
4 0.5 18.6 28.3 30.6 21.2 322 34.8
8 0.25 10.21 18.9 19.8 11.6 21.5 22.5
10 0.2 8.81 12 12.1 10.0 13.6 13.8
15 0.133 7.85 9.68 10.6 8.9 11.0 12.1
20 0.1 7.28 10.4 10.5 83 11.8 11.9
25 0.08 7.63 10.7 10.4 8.7 12.2 11.8
30 0.067 6.84 10.5 10.4 7.7 11.9 11.8




The flocculating effect of FeCls, AICI; and Guar gum were illustrated by the SVDCs (Fig 2).
The SDVC curves were generated by plotting ‘percent turbidity remaining’ (Tables 5) against
the corresponding settling velocities. At arbitrarily chosen time intervals of 1, 2, 4, 8, 10, 20,
25 and 30 min and at settling velocities of 2, 1, 0.5, 0.25, 0.2, 0.133, 0.1, 0.08 and 0.067
cmmin”', samples were drawn. The ratio of raw water turbidity remaining at the depth of
sampling at the respective sampling time, can be calculated by dividing the raw water
turbidity (87.8 NTU), by the measured turbidity of the samples withdrawn at the depth of
sampling at fixed sampling time. The percent of raw water turbidity or the ratio thus defines
the proportion of particulate matters that settle at a speed equal to or less than the
corresponding settling velocity.

The highest percentage of raw water turbidity was first settled by FeCls, followed by AICIs,
then Guar gum, at most of the settling velocities. As for example, at a settling velocity of
0.1cmmin™, 92.72% of raw water turbidity was settled by FeCls. However, Guar gum was
able to settle 89.5% of turbidity, a high level compared to conventional chemical coagulants.
Given that Guar gum is a biodegradable and nontoxic organic compound, it is a good

alternative to chemical coagulants.
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Fig 2.Settling Velocity Distribution Curves

3.2 Flocculation studies

A preliminary study on the effect of the type and dosage of flocculent, pH and mixing speed
was carried out in order to determine the most critical factors and their region of interest. A
four factor, three level design that has three central points was designed. The effect of
important operating variables on turbidity removal was investigated by using the Box-

Behnken statistical experimental design.



3.2.1 Optimization of supernatant turbidity

The results of ANOVA for response surface reduced quadratic are presented in Table 6.

Table 6 Statistical models obtained from the ANOVA for turbidity removal

p-value

Source Sum of Squares DF = Mean Square F Value  Prob>F

Model 4829.19 14 34494 28.93 <0.0001 significant
A-pH 1641.43 1 1641.43 137.64 <0.0001
B-Mixing

Speed 964.06 1 964.06 80.84 <0.0001
C-Dose 124.62 1 124.62 10.45 0.0026
D-Coagulant 186.46 2 93.23 7.82 0.0015
AB 50.06 1 50.06 4.19 0.0478
AC 119.64 1 119.63 10.03 0.0031
AD 171.29 2 85.64 7.18 0.0024
BD 42.38 2 21.19 1.78 0.1837
A’ 289.8 1 289.8 24.30 <0.0001
B’ 905.34 1 905.3451 75.92 <0.0001
c’ 354.73 1 354.7318 29.74 <0.0001

Residual 429.30 36 11.92

Lack of Fit 329.01 24 13.71 1.64 0.1868 not significant

Cor Total 5258.496 50

Std. Dev. 3.453279 R-Squared 0.91836

Mean 71.4349 Adj R-Squared 0.886611

CV. % 4.834162 Pred R-Squared 0.813634

PRESS 980.0066 Adeq Precision 20.66342

The following second order polynomial equations were obtained for the three coagulants

FeCls, AlCl; and Guar Gum for turbidity removal by the three coagulants is as shown in

supernatant solution:



FEC|3
Turbidity = -140.91352 -13.09448 x pH +0.59649 xMixing Speed +256.97481x Dose
+0.39101 x pH2 -2.00379E-003x Mixing Speed2 -84.78933 x Dose2 +8.97802E-003x pH x

Mixing Speed +3.60857xpHxDose 2)

AIClI;

Turbidity =-136.08255 -12.43626x pH +0.55295 x Mixing Speed +256.97481x Dose

+0.39101 x pH2 -2.00379E-003 x Mixing Speed? -84.78933x Dose2 +8.97802E-003 x pH x

Mixing Speed +3.60857 x pH x Dose 3)

Guar Gum

Turbidity = -150.91476 -11.24984 x pH +0.55330 x Mixing Speed +256.97481x Dose

+0.39101 x pH2 -2.00379E-003 x Mixing Speed? -84.78933 x Dose2 +8.97802E-003 x pH

x Mixing Speed +3.60857x pH x Dose 4)

ANOVA is very important for testing the significance of a model.”> ANOVA is a statistical
test which compares the means of several groups of data and finds if their mean are equal. In
a regression analysis ANOVA determines the impact of independent variables on the
dependent variables. As shown in Table 6, the ANOVA of regression model showed that
quadratic model was highly significant for turbidity removal, as is evident from the Fisher’s
F-test (F modei= 28.93), with a very low probability value (P model > F= 0.0001), as suggested
by Liu et al.** There is only a 0.01% chance that a model value of this magnitude could occur

due to noise. In the graph of the predicted values versus actual data values the 45 degree line



should evenly split the data points. In this case (Fig 3) we see that the points are evenly

distributed around the 45degree line.

Predicted vs. Actual

88

78

68

Predicted

58 7 Turbidity

86.12
48.5

| | | | |
48.50 58.18  67.87 77.55 87.23

48

Actual

Fig 3. Predicted turbidity removal versus actual values

The accuracy of prediction of response value by a model can be measured by the Predicted
R*. For the model to be in sufficient a difference of no more than 0.20 should be there
between. If the predicted and adjusted R? values are not within approximately 0.20 then there

is an error in the model or the data. In the case of turbidity removal, the predicted R value is

Accepted Article

0.8136, which is within reasonable agreement with the adjusted R? value of 0.8866.

A signal to noise ratio of 4 or more is indicative of adequate precision, which is a measure of
range of predicted response relative to the associated error. Normally the desired value is 4 or
more.”® The ratio of 20.663, in case of turbidity removal, indicates adequate signal. The

error expressed as a percentage of the mean gives the coefficient of variation for this model.



3.2.1.1 Effect of Dose

Response Surface plot for turbidity removal by FeCls, AICl; and Guar gum is as shown in
Figure 4, 5 and 6 respectively. The contour plot in Fig 4 implies that, as the concentration of
FeCl; increases from 1.5 mgl™, the turbidity removal increases. However it then decreases
after 1.75mgl™". The lowest turbidity removal is observed at a dose 2 mgl™. This observation
is similar in the cases of AlCl; and Guar gum. This re-suspension of solids at higher
concentration should be the cause of low turbidity removal at higher dose.*’ In addition, the
high concentrations (>1.75 mg/L) of FeCl;, AICl; and Guar gum confer positive charges on
the particle surface, thus re-dispersing the particles.”® According to the results of the Box—
Behnken experimental design method, the optimum dose for maximum turbidity removal for
FeCl;, AICl; and Guar gum was 1.64 mgl'l, 1.68 mgl”, 1.69 mgl™ respectively. Also, at
higher doses the conductivity increases, and thus increases the total dissolved solids, which is
not a desirable effect. With the addition of chemical coagulants, the cataionic and anionic
concentration of the solution increases. This increase in concentration cannot be removed
from the supernatant liquid without anion or cation exchange. However, Guar gum is a

natural biodegradable biopolymer and is not harmful to the environment as well as humans.
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Fig 4. Response Surface plot of turbidity removal due to FeCl; addition

3.2.1.2 Effect of pH

The pH is one of the most important factor which influence clarification and is important
because the addition of metallic cation (in this case Fe*'and AI’") causes lowering in pH,
which may lead to further decrease in the elimination of contaminants. According to the
surface response curves (Fig 4, 5, 6), as the pH of the solutions increase the turbidity removal
first decreases and then increases. At pH 12, the highest removal is achieved for all three
coagulants. However, at pH 12 the highest removal is also achieved at a dose of 2mgl”". The

need to add a higher dosage of flocculent may pose a health hazard, due to excessive use of

ccepted Article

chemicals.” The excess residual chemical will then interfere with the survival and growth of
aquatic life, when discharged into surface water.”® According to the Box-Behnken
experimental design, at a pH of 5.82, 5.62 and 8.24 for FeCl;, AICl; and Guar gum
respectively, the highest turbidity removal is achieved at a minimum dose of 1.5 mgl". The
percentage removal achieved at the optimum pH and at minimum dose of 1.5 mgl'l, is
85.22%, 87.59% and 81.2% for FeCls, AICI; and Guar gum respectively. The conductivity

increases at very high and very low pH, which is not desirable.
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Fig 5. Response Surface plot of turbidity removal due to AICI; addition
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Fig 6. Response Surface plot of turbidity removal due to Guar Gum addition



3.2.1.3 Process optimization and model validation

Optimization of turbidity removal was performed by a multiple response method called
desirability function. Its purpose was to optimize different combinations of process
parameters. The goal of optimization was to maximize turbidity removal performance by
FeCls, AlICl; and Guar gum. To achieve maximum desirability of turbidity removal, for each
coagulant separately, mixing speed was set within the experimental range, the pH was set at
neutral and the dose was kept at a minimum value, as shown in Table 7, keeping in mind
environmental sustainability and economic constraints. The optimum point of the factors was
determined by additional experiments at the derived optimal conditions, conducted in three
replicates. Table 7 shows the best processes for turbidity removal in the cases of AICl;, FeCls
and Guar gum. It can be concluded that the generated models were an adequate prediction of
turbidity removal with relatively small errors, which were 3.97%, 4.01% and 3.92% for

AICl3, FeCls and Guar gum respectively.

Table 7 Optimum conditions and their desirability

Mixing Optimization Validation

Speed  Dose Turbidity Turbidity
Coagulant pH (rpm) (mgl'l) Removal Desirability Removal Error (%)
AlCl; 7 153.68 1.5 7591 0.90 78.92 3.97
FeCls 7 164.5 1.5 73.40 0.87 76.34 4.01
Guar Gum 7 153.86 1.5 69.44 0.82 66.71 3.92




3.3 Treatment of wastewater using flocculants- change of characteristics

The characteristic of the wastewater after treatment with the flocculants is presented in Table
8. This can be compared with Table 1 in order to understand the improvement of water
quality after treatment. For all the flocculants, viz. FeCls, AICl; and Guar gum, the dose was
kept at 1.75 mg 1", the pH of the solution was maintained at 8.5 and the mixing speed was
185rpm. After treatment, the pH remained near neutral for all the three treated wastewaters.
The conductivity of the treated water slightly increased from 2.793 mS of the original
wastewater to 3.296 mS, 2.928 mS and 3.306 mS due to addition of flocculants Guar gum,
FeCls and AICl; respectively. Guar gum resulted in around 79.2% COD removal which is
comparable to the COD removal of 80.7% and 80.4% shown by FeCls; and AICI;
respectively. The BODs reduction is around 69% for Guar gum treated wastewater. This
characterization study shows that Guar gum has potential for being used as a biopolymer

instead of other synthetic agents.



Table 8. Characterization of Wastewater after treatment with flocculants

Parameters Concentration Concentration after Concentration after
after treatment treatment with treatment with
with Guar gum FeCl; AICl;

Temperature 25°C 25°C 25°C

Conductivity 3.296 mS 2.928 mS 3.306 mS

pH 7.65 7.03 7.45

Turbidity 10.4 NTU 6.84 NTU 10.5 NTU

Colour 170 TCU 140 TCU 160 TCU

TA. 18.7 mgl! 10.3 mgl™ 12.4 mgl!

D.O. - - -

COD 180 mgl™! 167 mgl™ 170 mgl™!

BODs 70 mgl™” 65 mgl’! 68 mgl!

TOC 0.03 mgl™ 0.02 mgl™! 0.03 mgl™

Phenol 0.42 mgl™ 0.43 mgl 0.44 mgl™

Hardness 10.3 mgl™ 11 mgl 10.8 mgl

Total Nitrogen 8.25 mgl™ 6.25 mgl’ 7.07 mgl™

Ammonical N - - -

Nitrate N 1 mgl” 1.1 mgl’ 0.85 mgl™

Phosphate 2.7 mgl’! 2.7 mgl 2.75 mgl’

Sodium 3.05 mgl” 3.45 mgl’ 3.25 mgl”

Potassium 2.3 mgl’ 2.5 mgl” 2.35 mgl™!

Iron 2.85 mgl! 4.07 mgl™ 2.67 mgl!

Total Bacterial Count 120 CFU/ml 110 CFU/ml 110 CFU/ml




3.4 Physico chemical characteristics of flocs
3.4.1 FTIR spectral analysis

The FTIR analysis (Fig 7) shows that the occurrence of different functional groups in the
flocs and Guar gum. The FTIR spectra of the wastewater also shows the presence of different
functional groups. It can thus be concluded that physicochemical interaction between the
wastes present in the wastewater and cations and active groups from the chemical coagulants
and biopolymer respectively, resulted in the removal of suspended particulates during
clarification process. In this case the location of peaks in the case of different flocs of FeCls,
AICl; and Guar gum was the same, however relative intensity of transmittance varied in
FTIR spectra. The FTIR spectrum of rubber industry wastewater exhibits a broad band at
3222.03 cm™, due to v (OH) present in the water. Another peak at 2172.56 cm™ exhibits the
presence of C=N stretching of thiocyanate (SCN). The dried flocs displayed peaks in the
range of 3000 - 3500 cm’, indicating the presence of v (OH). C-O stretching between 1075-
1000cm™ was also found in all the flocs, indicating the presence of alkyl alcohols. The FTIR
spectra of the flocs showed similar sharp and average peaks in the range 560-830 cm™',
indicating the presence of organic halides. Hence, it is shown that the halides are removed
during the treatment process. It may be concluded from FTIR analysis that there is a
resemblance in peaks observed between rubber industry wastewater and the treated flocs,
with little shift in the location of the peaks. It confirms that some inherent complex physical-
chemical phenomenon was responsible for different components of wastewater getting

attached onto coagulants, resulting in the removal of wastewater turbidity.
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Fig 7. FTIR spectra of (a) rubber industry wastewater (b)flocs obtained by Guar Gum,
(c) Guar Gum powder, (d) flocs obtained by FeCl; and (e) flocs obtained by AICI3

3.4.2 SEM micrographs

The SEM micrographs are presented in Fig 8. It can be inferred from the micrographs that the
flocs generated after the treatment of the wastewater with Guar gum and FeCls are porous and
have more surface area as opposed to the flocs produced by AICIs. A strong intercoilled
honeycombed pattern was observed in the two cases, with suspended particulate matter
entrapped in it, indicating the sweep flocculation of the suspended particles in the
wastewater. The characteristic flocs produced by Guar gum indicate that it can be used

effectively used for wastewater treatment.
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Fig 8 SEM images for (a)AlCls, (b)FeCl; and (c) Guar gum Flocs

3.4.3 Zeta potential and particle size distribution study

Guar gum is a long chain polymer with no dissociable functional groups so it is neutrally
charged.’' On the other hand the zeta potential of the wastewater is negative (-17.1mV). After
addition of Guar gum the zeta potential of the wastewater increases to -12.8 mV. This can be
attributed to the fact that Guar gum gets adsorbed on the surface of the particles during
flocculation and masks the negative charge on the particles.*” This increase in zeta potential
leads to the flocculation of waste particles. The zeta potential of the water after addition of

FeCl; and AICI; increases to -9.89mV and -12.9mV respectively. Table 9 gives the variation
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of zeta potential at a fixed coagulant dose of 1.75mgl" and at different pH values. Figure 9

shows the particle size distribution of the flocs for the three coagulants.

Table 9 Zeta potential of wastewater after addition of coagulants

Coagulant Dose pH Zeta Potential
(mgl™) (mV)
Guar gum 1.75 5 -13.1
8.5 -14.4
12 -12.8
FeCls 5 -13.4
8.5 -14.2
12 -9.8
AICl; 5 -16.8
8.5 -154
12 -12.9
— FeCl,
2.59—auc,
{|l—— Guar Gum
2.0
S
< 1.5-
‘©
£
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Figure 9 Particle size distribution of flocs



4, Conclusion

This work presents the performance of a biopolymer and two chemical coagulants in treating
rubber industry effluent. Statistical design was able to exhibit the influence of significant
design parameters on the turbidity removal process. ANOVA showed a high R” value of 0.92
for the regression model equation, which shows sufficient agreement of the model with the
experimental data. A quadratic model was able to explain the performance of the coagulants
in turbidity removal with a high level of significance. Guar gum was effective in removing
88.2% of turbidity compared to 93.16 % removal by a chemical coagulant FeCls. The SEM
micrographs also showed that Guar gum produces porous and strong flocs and is capable of
turbidity removal in sweep flocculation. Since Guar gum has a natural origin, is
biodegradable 33 and non—toxic,3 % it can be used to replace FeCls in the industrial wastewater
treatment process. Also as there is around 88% turbidity removal the water after treatment

may be further reused for washing purposes.
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