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Abstract

Activated carbon has been using as an adsorbent for wastewater treatment for decades. It has
also been reported that use of fly ash to adsorb impurities in waste water treatment .The main
objective of this study is to optimize hybrid adsorption-coagulation method for removal of color,
BOD, COD, TDS, TSS and Turbiditypresence in palm oil mill effluent (POME).Mango pit is a
natural environmental friendly coagulant and have many advantages over commercially
available aluminum and ferric salts used for water and wastewater treatment. Fly ash has the
proficiency to be recycled and used various times. This study further investigates the
combination of fly ash with mango pit. Three sets of experiments were performed using jar test
method namely; only adsorption using fly ash and the second is using mango pit as coagulant
and the third one is using fly ash in combination with mango pit in hybrid adsorption-
coagulation system. In the first set of experiments only adsorption process was studied using fly
ash as an adsorbent by varying particle size and weight. Samples of 300ml wastewater were used
with variable fly ash particle size ranging from 355um and 500um and operated at 200rpm.
Results showed that with decrease in particle size the amount of pollutant adsorbed increased,
therefore process was optimized using 355 um granule size and 90g of dose producedresults in
color reduction as 91%, COD 82%, BODs 83%, TDS 74%, TSS 78% and turbidity 93%
respectively. In second set of experiment mango pit was proved to be an excellent coagulant to
be used for wastewater treatment which gave reduction of pollutants up to 70%. Further in the
third set of experiments equal amount of wastewater samples were investigated using hybrid
adsorption-coa tylation 'mEthot by \raryitg ‘contentrtionland PH-of adserbent-coagulant as (50g-
0.6ml, 700-0.8ipl; ©0g-1.2pal) ' hen applyingshylorid method an dmproved trend was recorded
comparing Witi-previogs: fesultsin regction [of Color from 91% to 97%, COD from 82% to
89%, BOD from 83% to 94%, TDS from 84% to 93% and TSS from 88% to 96% respectively.
Hybrid coagulation-Adsorption method has not only positive impact on reduction of wastewater
guality parameters but also very cost effective and environmental friendly process. Other
advantages include low sludge production and the less amount of coagulants used.

Key words: POME, Hybrid, Fly ash, Coagulation, Adsorption



Acknowledgment

I would like to express my deep gratitude to my master thesis Supervisor, Dr.
P.G.Rathnasiri,. | have learned many things since | became Dr. Rathnasiri’s student. He
spends vary much time instructing me how to write a paper, how to search literature and
how to collect data. A part from his daily busy schedule being the head of the
department, he personally visited my work place and guided me by suggesting a lot of
new things which he gained from his experiences. | am also grateful to Dr. Mahinsasa
Narayana, Senior lecturer and our course coordinator for M.Sc program; He supported
me by providing every facility related to my research work and laboratories. He also
helped me a lot whenever | found any difficulty to find any technical support; | gained a
lot of experience from his knowledge. Special thanks are given to the AEN palm oil
industry staff members, especially to the Process Control and Quality Manager

Mr.Mangala for his support during my visit starting from providing complete

information about the nrocess and wastewater treatment nlant to nm\/iding Samp|eg of

raw material myveresearch NosikituityvaapRidciatenk iy L Gunaratne,
Mrs.S.M.NIaMear ting; | caVhoRACShantac s Reiris)i s siviiss{Dimist Mr.J.Wijesinghe.
Laboratory “=te¢hnicians V. LiabdtatoryC. 1as H .Fernando,

Mr.M.PAJ.Kuimara.

I also thank the great support by mechanical Engineering workshop, workman Mr.
Fernando. | convey my heartfelt gratitude to Academic staff, non-academic staff of
Department of Chemical and Process Engineering, University of Moratuwa, My dear
friends, colleagues, and my family members that gave me a peaceful environment, thus

stimulating the progress of my work.

Finally I wish to convey my special thanks to the authorities of the funds given by

Ministry of higher education, Sri Lanka.



TABLE OF CONTENT
Declaration i
Abstract i

Acknowledgment ii

Table of content \Y%
List of figures viii
List of Tables X
Nomenclature xi
1. INTRODUCTION 1
1.1 Research background 1

1.2Brief introduction to Palm oil wet extraction production process 1

2

;2 Yigestion 4

1.2.4 Crude palm oil extraction 4

1.2.5Clarification and purification of the crude palm oil 5
1.2.6Depericarping and Nut Fibre Separation 5

1.2.7 Nut cracking 6

1.2.8 Separation of kernels and shells 7

1.2.9 Palm kernel drying 7

1.3 Sources of wastewater 7

1.4 Palm oil mill effluent (POME) treatment process 9

1.4.1 Tank digestion and mechanical aeration 9

1.5 Characteristics of palm oil mill effluent (POME) 10



1.6 Palm oil mill boiler fly ash (POBFA)
1.7 Mango pit (kernel) as coagulant
1.8 Hybrid Coagulation- Adsorption process
1.9 Research problem

1.10 Objectives

1.11 QOutline of the thesis
2. LITERATURE REVIEW
2.1  Introduction
2.2 Palm oil mill effluent (POME) treatment
2.3 Commonly used treatment methods
2.4  Coagulation
2.4.1 Coagulants, their characteristics and applications
'2‘.4.2 Natural Caagulants
é‘,‘2",34.3 Chiaracteristics ofoviangelpit’ as soagulant
25  Adsorption
2.5.1 Adsorbents and their characteristics
2.5.2  Fly ash as an adsorbent

2.5.3 Application of POBFA in wastewater treatment

2.5.4 Use of POBFA for Palm oil mill effluent treatment

2.6Introduction to Hybrid Adsorption- coagulation 27

2.6.1  Applications of Hybrid system for wastewater treatment

2.7Settling /Sedimentation
2.8Filtration

2.9Summary and objectives of the study

12

14

23

30

10
11

11
12

15
15
16
16
19
21
21

22

24
24
26

26

28

29

30



3. MATERIALS AND METHODS

3.1
3.2
3.3
3.4

3.5

3.6

Characterization of Palm oil mill effluent (POME)
Preparation of Coagulant
Preparation of activated boiler Fly Ash
Experimental Procedure
3.4.1 Chemical Treatment

3.4.1.1 Experiments using 100% POBFA

3.4.1.2 Experiments using mango pit coagulant only

32
32
33
34
36
36
37
38

3.4.1.3 Experiments using Adsorption-coagulation method 38

3.4.2  Physical Treatment

Experimental Analysis

3.5.1 Biological oxygen Demand (BOD)
g%Z Chemical oxygen demand (GOD)

253 Golonattwunhidity

38
41
42
43

44

3.5.4  Total dissolve Slid (TDS) and Total suspended solid (TSS) 44

Recycling of POBFA

4.  RESULTS AND DISCUSSION

4.1

4.2

Effect of Fly ash

4.1.1 Effect of particle size
4.1.2 Effect of weight of fly ash

Effect of Mango Pit
4.2.1 Effect of coagulant Concentration

4.2.2 Effect of pH

Vi

44
46
46
46
48
48
48

49



4.3  Hybrid Coagulation-Adsorption process

43.1

4.3.2

4.4  Comparison of Resultswith previous work

Conclusion

Effect of pH

Future work

References

é‘

dapb

Effect of adsorbent-coagulant concentration

vii

52

50

o1

53
56
57

58



LIST OF FIGURES

Figure 1.1 Figure 1.1 Conventional Palm QOil Extraction Process and 3

Sources of Waste Generation

Figure 1.2 Shell and fibre are used as boiler fuel 6
Figure 1.3 Sources of Effluent (POME) 8
Figure 1.4 Biological treatment process with fat separation 9

Figure 1.5 Water sample collection point after aeration 10
Figure 2.1 Stages in the bridging mechanism: (i) Dispersion; (ii) 20

Adsorption; (iii) Compression or settling down (Polymeric

Coagulation)

Figure 2.2 Remain solid palm fruit feeding Bunches to be used as fuel 25
Figure 2.3 Dry palm fruit solids feeding boiler fuel 25
Figure 3.1 Mango kernels 33
Figure 3.2 M ' I I 33
Figure 3 f“”’}. Olieaning of fly ashiafteractivation 35
Figure 3.4 500(m size particles 5
Figure 3 e 00 cti I usi 35
Figure 3.6 355 um granules after activation 35
Figure 3.7 355un Granule before activation 35
Figure 3.8 High efficiency electron microscopes and the infinity 36
Analyzer.
Figure 3.9 Performing Jar test using ISCO Teeni Amanda Jar test 39
Apparatus
Figure 3.10 Experimental set up for physical treatment of POME 39
Figure 3.11 Schematic diagram of physical treatment system 40

Developed in This study: (A) Solution obtained after

Jar test Chemical treatment Collection tank; (H) Valves;

viii



Figure 3.12
Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4

&7

abd

(B) Dual media gravity filter; (C) Water collection

tank after gravity filter ; (D) Centrifugal pump of 0.5hp ;

(E) Rota meter to adjust the exit flow rate ; (F) Micro filter ;

(G) Product

BOD Incubation apparatus with scales shown 42
Weight (grams) of 355 um Adsorbent against the % removal 47
of BOD, COD, TDS, TSS and color.
Weight of Adsorbent 500 um (grams) against the % removal 48
of BOD, COD, TDS, TSS and color.

Concentration (ml) of coagulant vs the percentage reduction 49
in Color, BOD, COD, TDS, TSS and turbidity.

Effect of Coagulant concentration vs pH 50
Concentration of fly ash adsorbent against the % removal of 52
BOD, COD, TDS, TSS, and Color at constant pH and

| against the % removal-of BOD, COD, TSS, and 52



LIST OF TABLES

Table 2.1 Typical Characteristics of Palm oil Mill Effluent.
Table 2.2 Chemical analysis of POFA.

Table 2.3 Media used in multilayer filtration.

Table 3.1 Characteristics of POME after aeration

Table 3.2 Scales versus volume of sample

Table 3.3 Amount of reagents used for COD

Table 3.4 Parameters of Fly ash and wastewater samples at initial 43

pH 4 and 200rpm
Table 4.1 Summary of results with standards

Table 4.2 ) Comparison of Water quality with previous study
6«3 (Coagulatjen_vs Hybrid Coagulation Adsorption)

LA

43

16
25

30
32

37

53

54



Nomenclature

List of abbreviations

POME Palm oil mill Effluent
POBFA Palm oil mill boiler fly ash
COD Chemical Oxygen Demand
BOD Biological oxygen demand
TDS Total dissolved solid

TSS Total suspended solid

FFB - Fresh fruit bunches.

CPO é‘:’;% Crrderpalmoil

Xi



