
 
 

UNIVERSITI PUTRA MALAYSIA 
 

INVESTIGATION OF INTEGRATED MICROBUBBLE SYSTEM FOR 
TREATMENT OF PALM OIL MILL EFFLUENT (POME) WASTEWATER  

 

 
 
 
 
 
 
 
 
 

MOHAMAD NURIMAN MOHD ZAIN 
 
 
 
 
 
 
 
 
 
 
 

lp 
FK 2020 61 



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



l 
l 

Start 
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Figure 3.2. 1 Flow Chart of Microbubble Treatment 

3.2.3 Sampling of the Treated Sample 

The sampling process is the collection process of the sample after being treated 

in the fabricated tank by the microbubble system. The treated POME sample was 

manually collected from the fabricated tank by using the dipper. During the treated 

process of the POME sample, there are three layer form which is scum (first layer), 

solid impurities (second layer), and treated POME sample (third layer). The desired 

sample that need to be collected is the third layer that need to be analysed. The first 

and the second layer was skimmed aside and by using dipper, the sample from the third 

layer was taken out and poured into the test tube. Three sample was taken out to obtain 

more approximate result. The sample is then stored in the freezer for a short time 

before the analysis process. The process of collecting the sample from the third level 

was repeated for every 30 minutes in the duration of 6 hours. 
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Total Solid 

= (Weight of the crucible+ sample) - (Weight of empty crucible),g

Volume of the sample, L 

After the value of the total solid is calculated, the average value can be obtain based 

on the three sample collected in each time taken. The flow process of total solid 

analysis was shown in Figure 3.2.2. 
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Ceaning 

Figure 3.2. 2 Flow Chart of Total Solid Analysis 

3.2.6 Chemical Oxygen Demand Analysis 

Weight 
crucibles 

A few equipment and preliminary step are required before taking the reading 

of the COD of the collected sample. Firstly, the heating block need to be preheated to 

150°C. Next, the collected sample need to be diluted as the spectrophotometer cannot 

take the reading of the COD value which higher than 1500 mg/L. Therefore, to dilute 

the sample, 5 ml of sample is pipetted into I 00 ml of volumetric flask, added with 

distilled water until reach I 00 ml of the volumetric flask. The solution is then shacked 

well before taken out into 100 ml of beaker. Finally, 2 ml of the solution is pipetted 

into test tube containing the COD reagent vial and the dilution process is repeated for 

each sample of Oh, lh, 2h, 3h, 4h, and Sh. All of the sample is then placed into the 

heating block for 2 hours including the blank sample which prepared by mixing 2 ml 
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of distilled water with the COD reagent vial. After 2 hours, talce the reading of COD 

value of the heated solution by using spectrophotometer and record the data. Figure 

3.2.3 below show the process flow of the analysis. 

Start 

Treated 

wastewater 

Pipette sample 
int.a volumetric 

flask 

no 

Add distilled 
water into 

volumetric flask 

Add diluted 
sample into COD 

reagent vial 

Take COD reading 
using 

spectroph0t0meter 

Preheatl!d 
heating block to 

150'C 

Place sample in 
heating block 

Figure 3.2. 3 Flow Chart of Chemical Oxygen Demand Analysis 

3.2. 7 Biological Oxygen Demand 

The analysis of BOD towards the treated POME wastewater is to measure the 

amount of dissolved oxygen demanded by the organic biological organism in the 

collected sample to break down the organic material. Figure 3.2.4 show the flow 

process of BOD analysis. The analysis is carried out by mixing 5 ml of wastewater 

sample with 250 ml distilled water into 300 ml of BOD bottle. Both sample and 

distilled water is mixed well before talcing the initial reading Di by using the Dissolve 

Oxygen Meter (DO Meter). The DO meter is immersed into the mixed sample about 

5 minutes to obtain a stable and precious reading. Then, the sample need to be incubate 

in the incubator for 5 days with 20°C temperature in a dark condition. It is to avoid the

light for photosynthesis or growing of algae in the sample. After 5 days, the sample is 

taken out from the incubator and the final reading, Dr is talcen using the DO meter. The 

BOD value of the sample can be calculated by using formula; 
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To start the soxhlet experiment, firstly, weight 10 gram of dried sample using 

electronic b alance and wrapped it by using filter paper and placed the wrapped dried 

scum into the extractor. The process of wrapping the dried scum is repeated to obtain 

6 sample of wrapped dried scum. After the sample is placed in the extractor, 160 ml 

of hexane is poured into distillation flask and connect it with the bottom of the 

extractor. Then, the top of the extractor is connected to the condenser ( connected to 

the water supply). Next step is the water supply is opened to supply the condenser with 

tap water and the heat supply also is turned on. The voltage for the heat supply is 

controlled to ensure that the hexane is heated wisely and the oil extraction process can 

be done. The extraction process occurs slowly. Therefore, the process is run for 6 hours 

before the heat supply is turned off. After the experiment is done, dismiss the 

distillation flask, extractor as well as the condenser all together. Pour the excessive 

mixture in the extractor into the distillation flask and take out the wrapped dried scum 

from the extractor and keep it in a separated container. Clean up the extractor and wrap 

the closure of the distillation flask using aluminium foil. 

The aim of the oil extraction is to collect the oil from the dried scum but the 

sample collected in the distillation flask is the mixture of oil and hexane. Therefore, 

rotary evaporator is used to eliminate the hexane from the oil collected. To use the 

rotary evaporator, firstly the Microprocessor Control (.MPC) need to be turn on for 30 

minutes before the experiment start and the temperature on MPC is set at 14°C. Then 

switch on the rotary evaporator and set up the temperature of water bath at 40°C. The 

next step is collect the mixture of oil and hexane sample into the evaporator flask and 

clip it at the end tunnel on top of water bath and clip the collector flask at the end of 

the condenser. Then, set the rotary evaporator downward to ensure the sample in the 

evaporator flask is completely immerse into the water bath. Then, the rotary speed is 
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Same condition with the 10 times dilution, the sampling for treated wastewater 

for 30 times dilution also taken twice (sample A and sample B) for every one hour for 

duration of three hour was shown in Table 4.1.4. In Table 4.1.5 show the average data 

calculated and multiplied by 30 times dilution where 48000 mg/L was calculated as 

initial value of sample (raw sample) and 9000 mg/Las the calculated data for treated 

sample after three hour pre-treatment. The total of 81.25% of reduction was calculated 

from the experiment which show small different with reduction for 10 times dilution 

of sample but can be considerately high reduction shown. 
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Figure 4.1. 2 Graph of Total Solid for Three Different Dilution 

Figure 4.1.2 show the different of reduction for three type of dilution which is 

five times, 10 times, and 30 times dilution made for the raw POME wastewater before 

the pre-treatment process. Based from the calculated data, the highest reduction done 

by 10 times dilution followed by 30 times and 5 times dilution with value of 88.89%, 

81.25%, and 80.95% respectively. The respective data show that the microbubble 

system used as the pre-treatment for POME wastewater give out more than 80% 

reduction of total solid content compare to the initial value. 
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4.2 Chemical Oxygen Demand (COD) Analysis 

Table 4 .2.1 and Figure 4.2.1 show the decreasing of COD value from the 

POME wastewater sample after dilute the sample five times. The average value of 

COD obtained was multiplied by 20 times for the dilution made for the sample as the 

spectrophotometer cannot take the reading exceed 1500 mg.IL. The COD value also 

was multiplied by 5 times for the dilution made before the pre-treatment process. 

Based from the actual reading, the initial value of COD before the treatment process 

was run is 22600 mg/L reduce to 7000 mg/L after five hour of treatment which shows 

69% reduction of COD content in the wastewater compare to the initial value. 

Table 4.2.1: Reading of COD for 5x Dilution 

Sample A verage COD Reading (mg/L) Actual Reading (rng/L) 

OH 226 22600 

lH 189 18900 

2H 131 13100 

3H 128 12800 

4H 99 9900 

SH 70 7000 
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Therefore, a conclusion can be made where the usage of micro bubble system 

as the pre-treatment for the POME show a good sign as it manage to reduce the total 

solid, COD, and BOD value inside of the sample. Other than that, the dilution made 

before running the treatment help the treatment to be more efficient as the water added 

to the tank able to improve the pump efficiency to run the system. 

Some recommendation can be suggested to solve the current problem existed 

at the fabricated microbubble generator that may give out effect towards the 

experimental design in producing an accurate size ofb\lbble for further study. There 

are few problems that affect the production of the bubble with size including the lack 

of flow meter, no filling system, unsystematic skimming process for scum sampling, 

and ineffective sampling process for the wastewater treated. 

Firstly, the flow meter can be installed at the piping system before the 

microbubble entering the tank. Then, the study on the effect ofmicrobubble flowrate 

on the micro bubble size is very appropriate to be learn as is the size of the bubble 

produced by the system is smaller than the expected size (1 0µm to 50µm), the pre­

treatment can be considered as not achieving the target. Next, the filling system can be 

installed for easier process of transferring the POME wastewater sample into the 

fabricated tank. Other than that, the current skimming process using the water dipper 

also seems not very convenient and suggested to be replace by skimming net where it 

allow the wastewater with small particle pass through it but the bigger solid particle 

will remain on the skimming net. Finally, for collecting the wastewater sample, the tap 

or faucet can be installed at the bottom of the fabricated tank. This instalment is to 
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