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Abstract

Foam fractionation (FF) with Physical Chemical Process (PCP) is one of the methods introduced to treat wastewater from synthetic rub-
ber which contains high Chemical Oxygen Demand (COD) concentration. Wastewater sample from two different synthetic rubber indus-
try which are Company A (A) and Company B (B) were used in this research. Batch reactor column FF of 40 cm height with an internal
diameter of 8 cm was designed. The compressor air introduced into the reactor thru diffuser to produce bubbles at a constant pressure of
0.2 bar. The effect of aeration time (10,20,30,40 and 50 minutes) were investigated on the COD removal. Comparison on percentage (%)
of COD removal by FF followed by PCP and PCP only were investigated. For PCP, chemical used was Polyaluminium Chloride (PAC)
18%, Sodium Hydroxide (NaOH) 48% and anionic polymer. COD value for raw sample and treated sample was tested using COD rea-
gent in vial, reactor and spectrometer. The best aeration time for A is 10 minutes and B is 40 minutes. COD removal for A is 46%, from
32250 mg/l to 17550 mg/l and B is 23% from 1260 mg/l to 979 mg/I. FF is more efficient for removal of COD in high concentration of
the wastewater. However, difference between FF combine with PCP versus PCP only for A is 1% and for B was unsuccessful. Therefore,

FF technique is not effective method for COD removal.
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1. Introduction

Presently, Malaysia is the third largest rubber producer in the
world, whereby the rubber industry is an economically and social-
ly significant industry. In this industry there will be uses of surfac-
tants and chemicals for the process. This consume large volumes
of water for cleaning and washing that will lead to enormous
amounts of effluent and inorganic wastes [1]. Moreover, the pres-
ence of compounds such as surfactants in effluent had imposed the
growth of efficient water treatment process as they are difficult to
degrade by chemical or biological methods [2]. Thus, the Biologi-
cal Oxygen Demand (BOD) and Chemical Oxygen Demand
(COD) will be increase and harmful to living things.

According to Environmental Quality (Industrial Effluent) Regula-
tions 2009 based on the seventh schedule for rubber industrial
(other industries) the acceptable COD contain discharge are 80
mg/L for standard A and 200mg/L for Standard B [3]. For rubber
industrial the higher concentration of COD in the water means that
it contains a lot of total dissolved solids (TDS), total suspended
solids (TSS), total solids (TS), ammonia and phosphate [4]. Thus
if the effluents are not well treated before discharge to the envi-
ronment it can lead to serious depletion of dissolved oxygen which
disturbs the normal aquatic system. In rubber industrial the main
problem is high COD concentration, thus it is important to reduce
the COD amount.

There are many methods that has been used widely in order to
reduce the COD in industrial effluents such as Aerobic and An-
aerobic Treatments [5], Physical Chemical Process (PCP) [6],
Ozonation [1], Adsorbent method [7] and Advanced Oxidation
Methods [2][6].

In this research the methods that are going to do is by using foam
fractionation methods as a pretreatment process before the
wastewater go to the next process which is PCP. The efficient of
PCP compare to BP can be seen by percentage of COD removal
efficiency. For example by using PCP the COD removal efficien-
cy was 91% to 99% whereas for BP removal efficiency was 80%
to 92% [1]. The concentration of COD can be assumed as three to
one concentration of BOD [8]. Thus, as COD decreases the BOD
level also decreases. FF process can be declared as adsorptive
bubbles separation technique. This method comprises various
mechanisms of separating dissolved or suspended materials by
means of adsorption or attachment at the surfaces of bubbles rising
through a feed solution [9]. The principles of foam fractionation
are the production of foams consists of huge amount of bubbles
that are generated by dispersing gas in liquid and for this research
compress air was used as gas. There are many industries that al-
ready use FF method such as soy whey wastewater [10].

In the synthetic rubber industry, chemicals and large volumes of
water were used for washing and cleaning that will lead to enor-
mous amounts of effluent that contain high COD level. Thus it is
important to focus on how to reduce the effluent in the best way.
Previous studies on effluent treatment used BP such as pond tech-
nology which are high cost for operating and use large land area.
In addition, long time is needed to reduce the nitrogen in the efflu-
ent. Another example is the use of aerobic and anaerobic treatment.
This method is inexpensive and do not need a large land area but
not effective in removing nitrogen because of an insufficient of
dissolved oxygen for nitrification [1]. Moreover, the work also
reported that the best solution to remove the COD level and sur-
factants in synthetic rubber wastewater is by using advanced oxi-
dation process (AOP). However, this process has been proven to
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be an expensive technique [2]. Furthermore, typically in FF meth-
od the carbon dioxide gas is used in the treatment process which
leads to high cost.

Therefore, in this study the concept of FF was used as pretreat-
ment process in order to decrease COD. Carbon dioxide was re-
placed by compressed air which can reduce the cost. In addition
PCP method will be used rather than BP which is easier to handle
and do not need large land area. In this research, the effect of aera-
tion time on COD removal was investigated. Comparison on per-
centage of COD removal between FF combine with PCP and PCP
was studied.

2. Methodology

2.1. Materials

The wastewater sample was collected from two different synthetic
rubber industry which are A with high COD concentration which
is 32250 mg/l whereas B is low COD concentration which is 1260
mg/l. 10 litres of sample was taken and stored in container. The
temperature and pH of the sample were taken on site to avoid any
changes by using pH and temperature sensor. The samples were
then transported immediately to the laboratory and stored properly.
The sample collected need to be avoided from sunlight as the
COD can react with light. The sample can only be used for 1 week
to avoid degradation of samples, which will affect the results.

2.2. Experimental Setup
A schematic diagram of the experimental setup for batch FF
method is shown in Fig. 1. A reactor bubble column of 8 cm in-

side diameter and 40 cm height was design in order to run this
experiment.
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Fig. 1: Schematic diagram of experimental setup

2.3. Aeration operation

Al experiments were conducted in a batch wise mode with respect
to liquid [11]. 600 ml of wastewater sample was poured into the
reactor column from the top of the reactor column with a dimen-
sion of 40 cm height and with an internal diameter of 8 cm.

Air from compressor was introduced from the bottom of the col-
umn and the pressure rate was kept constant at 0.2 bar and was
monitored by using a pressure gauge. Different aeration time of 10,
20, 30, 40, and 50 minutes was applied to study the effect of aera-
tion time on COD removal. The foam was flowed out at the top of
the reactor and was collected at every different time of aeration.
The COD concentration was then been measured.

2.4. Physical Chemical Process (PCP) and Jar Test

Basically in PCP methods, jar test was conducted by using floccu-
lator stirrer. The objectives were to determine the optimal pH,
coagulant and flocculant dosing [12]. PAC, NaOH and flocculants
were used in order to achieve optimum pH for flocs produce
which is 6 to 7 [13]. Other than pH adjustment, NaOH was used to
increase the efficiency of the treatment to form hydroxide precipi-
tate. Next anionic polymer was added in a small amount to en-
hance the accumulation of flocs for smooth settlement.

The objectives of conducting jar test were to determine the opti-
mal pH, dose for PAC 18% (4.5 ppm), dose for NaOH 48% (12
ppm), and dose anionic polymer for water treatment process and
to improve the coagulation and flocculation process as well as to
evade high cost related with the usage of chemicals beyond the
optimum dose. The preparations of chemicals was based on for-
mula M;V,;=M,V,. For preparations of PAC 18% (4.5 ppm), 20
ml of PAC was mixed with 80 ml of distilled water. Whereas for
12 ppm of NaOH 48%, 20 ml of NaOH was mixed with 80 ml of
distilled water. In order to run JAR test the equipment need to be
used are flocculator stirrer for mix process of coagulation and
flocculation of chemicals. pH sensor was used to check the pH
readings for every chemical solutions as pH plays an important
part to optimize JAR test results.

6 beakers were prepared and 600 ml of wastewater sample was
tested. JAR test is the process in which optimum dosing for chem-
ical use is determine in order to reduce COD concentration, tur-
bidity and other parameters that need to follow IER 2009. First of
all, the samples need to be regulated at optimum pH based on
characteristics of the wastewater sample by adding acidic or alka-
line chemical. For this research PAC 18 % (4.5 ppm) was added to
sample at various pH of 2 to pH 6. In this coagulation process
stirrer was turned on at 180 rpm for 7 minutes. Then NaOH was
added until pH 7 to 8 as optimum anionic polymer accumulate
flocs was in that pH range. For flocculation process anionic poly-
mer was added at 80 rpm about 5 minutes. Then, turn off the stir-
rer and allow for settling for 30 minutes.

After that the pH of each beaker was recorded and observed. The
step will be repeat for other samples. There was different optimum
dosing coagulant and polymer for both company. The results for
optimal pH can be found from the graph of turbidity (NTU) versus
amount of chemical used which smile line [14].

Then by using optimal pH, jar test for optimal coagulant dosing
can be found by using the same jar test testing method where each
of the beaker need to be adjust to constant optimal pH. Optimal
coagulant can be found from the graph of turbidity versus volume
of coagulant dosing. The lowest turbidity value remarks as optimal
coagulant dosing. Lastly, for optimal flocculants dosing, optimal
pH and coagulant volume was set constant for each beaker but
different volume of flocculants was tested.

As turbidity can be related to COD concentration which is when
turbidity high the COD concentration also high [15]. Turbidity
will be increased back as increase the dose to coagulate fine parti-
cles can lead to inter-particle repulsion [16].

2.5. COD determination

The COD concentration of the sample will be check using COD
reactor by digest high range vials on it and read the results using
HACH DR900 spectrometer. This equipment was used to indirect-
ly measure the amount of organic compounds in the sample. Basi-
cally, the sample collected contains high concentration of COD.
Thus, it need to be dissolved in distilled water to make a dilution
as the high range COD vials can only read up to 1500 mg/I.

Each type of sample will be take about 2 ml and add to high range
vials and for blank sample fill with 2mL of distilled water to high
range vials. The vials were mixed well. Next, all the vials were put
into the COD reactor for digestion at 150 °C for 120 minutes.
After that the vials will be left about 30 minutes to cool down and
immediately reading of COD concentration will be read using
spectrometer HACH DR900 in mode high range COD.
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3. Results and Discussion

In this part the results for aeration time on percentage of COD
reduction for A and B by using FF with PCP and PCP only will be
discussed. In addition, the effect of turbidity also was discussed.

3.1. Effect of foam fractionation

For A, the higher reduction of COD concentration removal was at
40 minutes aeration which is from 32250 mg/l to 17100 mg/l as
seen in Fig. 2 about 47% reduction removal. Whereas for lower
reduction of COD concentration removal was at 30 minutes of
aeration which is from 32250 mg/l to 18950 mg/l about 41% of
reduction removal. The proven of the concentration reduction can
be clarified as the bubble foam collection contain also have high
COD concentration which generated by dispersing gas consist of
thousands of bubbles which overflow from reactor [9]. Thus, from
the results pretreatment by using FF can reduce a lot of COD con-
centration about 41-47 % reduction removal. But in this study, 10
minutes was selected as the best aeration time as the difference of
percentage with 40 minutes of aeration only 1%. For 10 minutes
aeration, 46% of COD was reduced whereas for 40 minutes aera-
tion, 47% of COD was reduced. According to studied done[10],
the flow rate of gas and aeration time used are play an important
role in order to reduce contaminant [10].
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Fig. 2: Effect of aeration time on COD removal for Company A

There was varieties of removal percentage of COD which is must
be monitored carefully to get optimum removal COD concentra-
tion as in olive oil industry the optimum process time was at 45
minutes which can give back effects if lower process time or long-
er time than 45 minutes [17]. For lower process time it have nega-
tive effects as time required for adsorption was not enough where-
as for longer time the aeration give influences on the wetness of
foam than the gas flowrate [17].

On the other hand, for B the higher reduction COD concentration
was at 10 minutes about 23% which is from 1260 mg/l to 979 mg/I
by referring Fig. 3. For comparisons with A, it can be seen that the
different percent removal is significant which is for A, 47% can be
reduced compare to B only 23%. This can be related with the high
concentration of COD in A compare to B. According to [8], COD
to BOD ratio was 3:1 [8]. Thus, as COD increased the BOD level
also increased which a lots of bacteria in the wastewater for react
with oxygen and reduce the COD in wastewater. As aeration pro-
cess can help for aerobic process in which aerobic bacteria break-
down the waste within the wastewater sample to form a sludge
[18]. Therefore, automatically COD concentration was decreased.
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Fig. 3: Effect of aeration time on COD removal for B.

3.2. Effect of PCP methods for foam fractionation (FF)
performance.

For different company there was different effect to the results of
COD concentration and turbidity readings whether undergo FF
with PCP or PCP methods only. The results for COD reduction
was tabulated in Table 1.

Table 1: Comparisons COD reduction percentage for different methods to
company A and B

Percentage of
Parameters Turbidity, COD removal (%)
NTU COD, mg/l
Company A B A B A B
Foam fractiona- 34 57 3420 187 90 85
tion with PCP
PCP only 55 41 3520 129 89 90

From the results for A, the reduction of COD concentration for FF
with PCP methods is higher compared to PCP method only. For
FF with PCP the reduction was from 32250 mg/I to 3420 mg/|
which was about 90% compared to PCP method only which has a
decrease of about 89% from 32250 mg/l to 3520 mg/I. The differ-
ent between the two methods was only 1% which was too small.
Although, there was a slightly different of COD concentration
between both method, PCP chemical dosing for FF method such
as NaOH and polymer was less compare to PCP method only
about 2-3 ml. In addition, the sludge that form from the aeration
with PCP is more thick as in process aeration itself have produce
sludge compare with PCP methods only which straightly from
chemical dosing only. The thick sludge for aeration come from
process which increased the Dissolved Oxygen (DO) content in
water in order to help microorganism them respire better and en-
hanced the decomposition of organic matter [19]. Compare to PCP
only which the sludge are form from process coagulation and floc-
culation from chemicals only.

On the other hand, for B the PCP methods only are the best pro-
cess compare to FF with PCP methods. For PCP method only,
90% of COD reduction which is from 1260 mg/l reduce to 129
mg/l. Compare for method of FF combine with PCP, only 85% of
COD reduction was occurred, which is from 1260 mg/l to 187
mg/l . Thus, from the results it can be concluded that the FF meth-
od provide better effect in reducing COD concentration and chem-
icals used for sample with higher COD value.

From the results on turbidity for sample A and B it can be ob-
served that it proportional to COD concentration as COD concen-
tration is higher the turbidity also higher. Thus, turbidity readings
for FF with PCP method are lower than PCP method only which is
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34 NTU and 55 NTU respectively. Whereas for B, the lower tur-
bidity readings was recorded with PCP method only which is 41
NTU and for FF with PCP method is 57 NTU. Besides, COD
concentration amount of chemical dosing also can effects the read-
ings of turbidity, where when it is overdose can lead to inter-
particle repulsion [16]. Thus, COD concentration and turbidity
readings will increases.

4. Conclusion

In conclusion, FF method was effective to be used for wastewater
with higher COD concentration. This was proven as COD concen-
tration for A can be reduced up to 46% from 32250 mg/I to 17550
mg/l compare to B which only reduced about 23% from 1260 mg/|
to 979 mg/l. On the other hands, for FF with PCP methods and
PCP only methods there was too small different percentage effect
for A which is 1% (90% - 89%) reduction removal of COD con-
centration whereas for B, PCP method only had higher reduction
removal compare to foam fractionation with PCP which is 90%.
Thus, from the results it can conclude that the foam fractionation
with PCP was not successful methods as it only can cause a high
cost in order to set up the foam fractionation reactor while only
give too small effect reduction in COD concentration.
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