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Abstract: Coagulation and Flocculation is a treatment method that has the potential in removing 
various pollutants without generating secondary pollutants which only involves simple and compact 
equipment. In this study, the potential to treat biodiesel wastewater using a coagulation/flocculation 
process was studied. The objectives of the study are to determine the optimum pH, the optimum 
coagulant dosage, and the optimum polyelectrolyte dosage of the sample for the coagulation/ 
flocculation of biodiesel wastewater using polyaluminum chloride (PAC) in terms of removing 
suspended solids (SS), color, chemical oxygen demand (COD), suspended solids and oil and grease 
(O&G) of the biodiesel wastewater. The sample of biodiesel wastewater was collected from UTHM 
Biodiesel Pilot Plant which situated in Universiti Tun Hussein Onn Malaysia (UTHM). The effect of 
pH, coagulant dosage and polyelectrolytes dosage were examined at 150 rpm for 4 minute of rapid 
mixing and 20 rpm slow mixing for 20 minute and 30 minute settling time.  Results show that the 
optimum pH for the coagulation and flocculation process is pH 6 and able to reduce SS, color, COD 
and O&G up to 77%, 80%, 62%, 63% respectively , the optimum coagulant dosage is  300 mg/L was 
able to reduce SS, color, COD, and O&G to 97%, 95%, 81% and 97% respectively. And the optimum 
polyelectrolytes dosage is 10 mg/L, able to reduce SS, color, COD, and O&G to 92.2%, 92.9%, 72.7% 
and 79.2%, respectively. It can be concluded that the coagulation and flocculation process has the 
potential to be utilized for effective removal of suspended solids, color, chemical oxygen demand and 
oil and grease of biodiesel wastewater.  
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INTRODUCTION 

 
Biodiesel recently attached much attention, given that it has various advantages. It provides an alternative to 

petroleum energy balance, and it is fewer harmful emissions, biodegradable, nontoxic, burns with low sulphur, 
carbon monoxide, and is environmentally beneficial in terms of (Ito et al., 2005; Ma and Hanna, 1999).  
Although, biodiesel give a lot beneficial to environmental, but its production may cause some environmental 
problems. In the final process of biodiesel process of biodiesel production , water is ussually introduced into the 
produced biodiesel in order  to remove the impurities. The washing step is repeated for 2-5 times dependent on 
the quantity of impurity in the metil ester. Therefore, a large amount of wastewater is generated by 
approximately of 20-120 L of biodiesel fuel being process  (Srirangsan et al., 2009) .  

Thus, wastewater from the biodiesel production process is basic (alkaline)  with a high content of oil and 
grease, and low content of nitrogen and phosporus (Chavalparit et al., 2009). Several Reseachers (Sawin et al., 
2010; Suehara et al., 2005; Ruengkong et al., 2008) have been reported the following wastewater characteristics 
that pH was 8.5-10.5, the suspended solid (SS) was 1,500-28,790 mg/L, the chemical oxygen demand (COD) 
was 60,000 – 545,000 mg/L, the biological oxygen demand (BOD5) was 105,000-300,000 mg/L and oil and 
grease was 7,000-44,300 mg/L. Accordingly, biological treatment of biodiesel wastewater is expected to be very 
difficult (Suehara et al., 2005).   

For this reason supportive physic-chemical methods are often used. Although one of the most frequently 
employed method is coagulation. Coagulation and flocculation are widely use in water and wastewater 
treatment. Coagulation process is effective for removing high concentration organic pollutants (Wang et al., 
2002) heavy metal and some anions. Coagulation is the process where compounds such as metal salts are added 
to effluent in order to destabilize colloid material. As the result, aggregation of small particle into larger, more 
easily removed flock takes place. Unstabilized particles by charge neutralization are called primary floc (or 
coagulation flocs) and flocs enlarged by bridging is sometimes termed as secondary flocs  (Stephenson et al., 
1996). The effectiveness of the process is influenced by the coagulating agent, the coagulant dosage, the pH and 
ionic strength as well as the concentration and the nature of the organic compounds (Stephenson et al., 1996). 

 The most common coagulant used in wastewater treatment is alum and PAC due to its effectiveness in 
treating a wide range of wastewater type and relatively low cost. Inorganic coagulant is simple electrolytes 
which are water-soluble, low molecular weight acids, bases or salts (Rahbar et al., 2006). The main objective of 
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this research is to investigate the effectiveness of coagulation and flocculation using polyaluminum chloride 
(PAC) in the removal of chemical oxygen demand (COD), suspended solid (SS), oil and grease (O&G) and 
color from biodiesel wastewater. The optimum pH, the optimum coagulant dosage and the optimum 
polyelectrolytes dosage (cationic) of the sample are determined to ensure that the best efficient pollutant 
removal by the coagulation and flocculation of biodiesel wastewater using polyaluminum chloride as coagulant 
is achieved. 
 

MATERIALS AND METHODS 
 
Preparation of Sample: 

Biodiesel wastewater was used as feed in this study. It was collected from UTHM Biodiesel Pilot Plant 
which is situated in University Tun Hussein Onn Malaysia. This Plant uses palm oil as a feedstock and alkali-
catalyzed transesterification process. The sample then kept in a cold room at temperature of 4°C to avoid further 
biodegradation. The characteristic of this biodiesel wastewater were analyzed according to the standard methods 
for examination of water and wastewaters (APPHA, 1995) are shown in Table 1. 

 
Table 1: Biodiesel Wastewater Characteristics 

Parameter Initial Characteristics  
Chemical Oxygen Demand (COD) 15,500  
Suspended Solids (SS) 348  
Oil and Grease (O&G) 2700  
Color 88  
pH 4.5 – 5.5 

*All units are in mg/L except for pH and PtCo for colour  

 
Experiment Set Up: 

Coagulation and flocculation studied were performed in standard jar-test apparatus, Jar Tester Model 
CZ150 comprises of six paddle motors (24.5mm x 63.5mm), equipped with 6 beakers of 1 liter volume. Twelve 
beakers positioned on magnetic stirrer and specified dosage of coagulant.   

The pH value of 500 milliliter biodiesel wastewater sample was adjusted to pH in range 2-12 respectively, 
by using 1.0 M H2SO4 or 1.0 M NaOH, after the addition 100 mg/L PAC to biodiesel wastewater sample. After 
rapid mixing for 4 min at 150 rpm and slow mixing for 20 min at 20rpm, the liquid was clarified for 30 min, 
then the supernatant was withdrawn from a point located about 2cm below the top of the liquid level of the 
beaker to determined COD, SS, color, and oil and grease (O&G) by using standard methods (APPHA, 1995) so 
that the effect of pH could be studied. 

50,100,150, 200, 250, 300, 350, 400, 450, 500, 550 and 600 mg/L PAC were added to 1 liter biodiesel 
wastewater sample. After stirring and clarifying as described in above, the supernatant was withdrawn to 
determined the COD, SS, color and oil and grease, so that the effect of coagulant dosage could be studied. 150 
mg/L (half optimum dosage value) PAC was added to biodiesel wastewater. After rapid mixing for 4 min at 150 
rpm different concentration (0, 2, 4, 6, 8 and 10 mg/L) of polyelectrolyte were added and the liquid was mixed 
slowly for 20 min at 20 rpm, the supernatant was withdrawn as earlier described to determine the optimum 
polyelectrolyte that enhance coagulation. 

 
Sampling And Analysis: 

Analyses undertaken in triplicates. The pH measured by pH meter (Cyberscan 20), while oil and grease 
measured according standard method 1164, EPA. Suspended solid, color and COD measured by DR 5000 
HACH spectrophotometer that is adapted from Standard Method for Water and wastewater. All water color 
measures described in this work report as true color values using the platinum-cobalt (Pt-Co) method, the unit of 
color being that produced by 1 mg platinum/L in the form of the chloroplatinate ion (APHA, 1995). The 
samples were filtered using 0.45µm filter paper before colors were measured.   

 
RESULTS AND DISCUSSION 

 
Optimum pH: 

In this coagulation –flocculation process, pH is very important as the coagulation occurs within a specific 
pH range (Smita et al., 2012). The pH will not only affects the surface of coagulants, but also affects the 
stabilization of the suspension (Ariffin et al., 2009). According to AWWA (1971), pH is the most important 
variable in the coagulation process for water treatment. The pH influences the nature of produced polymeric 
metal species that will be formed as soon as the metal coagulants are dissolved in water.   

The influence of pH on chemical coagulant/flocculation may be considered as a balance of two competitive 
forces: (1) between H+ and metal hydrolysis products for interaction with organic ligands and (2) between 
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hydroxide ions and organic anions for interaction with metal hydrolysis products. At low pH values, hydrogen 
ions out compete metal hydrolysis products. At low pH values, hydrogen ions out compete metal hydrolysis 
products for organic ligands, hence poor removal rates occur and some of the generated organic acids will not 
precipitate. At higher pH values, hydroxide ions compete with organic compound for metal adsorption sites and 
the precipitation of metal-hydroxides mainly occurs mainly by co-precipitation (Tasti et al., 2003). 

The effect of pH was analyzed at 100 mg/L PAC, with 150 rpm of mixing rate for 4 minutes and 20 rpm of 
mixing rate for 20 minutes and 30 minutes of settling time for a range of pH which varied from pH 2 to pH 12.  
The result of the study showing the effect of pH on SS, color, COD and O&G removal efficiencies when PAC 
was used as a coagulant are presented in Figure 1. At pH 6 SS, color, COD and O&G removal increased but 
removal efficiency is reduces at the pH increase to pH 8. It is clear that optimum pH was 6 for the coagulation-
flocculation process at 100 mg/L PAC  
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Fig. 1: Percentage of removal in SS, Color, COD and Oil and Grease for pH by using 100 mg/L PAC 

 
Optimum Coagulant Dose: 

Dosage was of the most important parameters that been considered to determine the optimum condition for 
the performance of ferric chloride in coagulation and flocculation.  Basically, insufficient dosage or overdosing 
would result in the poor performance in flocculation (Ariffin et al., 2009). The effect of dosage was analyzed at 
pH 6, 150 rpm of mixing rate for 4 minute and 20 rpm of mixing rate for 20 minutes and 30 minutes of settling 
time for a range dosage ferric chloride which varied from 50 mg/L to 600 mg/L, the test were conducted at 
optimum pH of 6. 

The results of the effects of different dosage of ferric chloride as sole coagulation on the removal of SS, 
color, COD and oil and grease (O&G) from the biodiesel wastewater are as present in Figure 2. From the figure 
clearly show PAC removes SS, color, COD and O&G grease the best 97%, 95%, 81 % and 97 % respectively. 
When the dosage of PAC was increased beyond 300 mg/L, the removal efficiency decreased.  It is clear from 
the results that SS, color, COD and O&G removals increased substantially as the dosage of PAC increases. 
When the dosage was exceeding the optimum dosage, there was a decrease in the removal efficiency for all the 
parameter. Each coagulant has it own optimal dose range. Coagulation will help destabilize the colloidal 
particles, helps the formation floc and consequently accelerate the settling process (Gupta and Hashim, 1996)  

 
Optimum Polyelectrolyte Dosage: 

Polyelectrolyte act as coagulant aids in the treatment of water and wastewater, they may also be used as 
primary coagulant for the same purpose (Amuda et al., 2006).  The addition to neutralize the positive charges in 
water, causes the formation of flocks more quickly and increase the rate of sedimentation by bridging and 
connecting the already-formed flocks so that with the network formed during sedimentation they take other tiny 
particles which couldn’t form flocks inside them and make them sediment among with themselves (Kohestanian 
et al., 2008). 

Many polyelectrolytes are advantages over chemical coagulants because they are safer to handle and easily 
biodegraded (Amuda et al., 2006). The percentage removal of SS, color, COD and O&G as functions of 
different doses of polyelectrolytes is as shown in Fig.3. The dose of polyelectrolyte was varied from 0 to 10  
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mg/L and the PAC dose was made constant at 150 mg/L.  The removal of SS, color, COD and O&G increased 
with increasing dose of polyelectrolyte. 
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Fig. 2:  Percentage of removal in SS, Color, COD and Oil and Grease  for dose PAC in pH 6 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3:  Percentage of removal SS, Color, COD and Oil and Grease for cationic dosage pH 6 using 150 mg/L    
              PAC 

 
Conclusion: 

This study has showed that coagulation and flocculation is a useful method in the treatment of biodiesel 
wastewater. Coagulation and Flocculation is very effective in the suspended solids, color, Oil and Grease 
removal and moderately effective in the COD removal of the biodiesel wastewater. In order to achieve better 
percentage removal for COD, suspended solids, color and oil and grease, further treatment is needed.  
Effectiveness from this study will able to reduce biodiesel wastewater pollutant before discharge into the 
watercourse. As such, it is hoped that this method of treatment  can become as one alternatives to Malaysia 
biodiesel wastewater treatment process in future. 
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