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ABSTRACT

This paper investigates the impact of Zn ions on the adsorption performance of acid-modified
biochar in removing Pb Il ions from wastewater. The adsorption efficiency of biochar in a
single metal ion condition was 99.99% for both Pb and Zn ions. In a multi-ion system, the
adsorption efficiency for Zn ranged from 95% to 100%, whereas for Pb 11 ions, it was between
88% and 99%. Batch experiments were conducted to assess the influence of pH, contact time,
and dose on the adsorption process. The results demonstrated that metal removal was high with
pH (6.5-7), a contact time of 63 minutes, and a dose of 11-20g. Furthermore, interaction graphs
were created to illustrate the combined effects of key parameters such as pH and dose, pH and
contact time, and dose and contact time. The study concludes that while biochar exhibits
promising potential for Pb (I1) ion removal, its effectiveness may be limited in complex water
systems with competing ions. These findings provide critical insights into optimizing biochar
application in wastewater treatment systems for enhanced heavy metal remediation.



DECLARATION
. the undersigned declare that this research is my original work, except where due

acknowledgment has been made. | declare that this work has never been submitted to this
University or any other institution for funding/partial fulfilment for any award.

Student name: BASALIRWA DORCUS GLORIA
Registration Number: BU/UG/2021/0087

Signature: 49

Date: ‘(S los[2025



APPROVAL
[ hereby certify that this report is the original report of BASALIRWA DORCUS GLORIA,

BU/UG/2021/0087. 1t has been done under my supervision and is ready for submission to the
Department of Water Resources Engineering.

SUPERVISOR’S NAME: Mr. Bagoole Christopher




ACKNOWLEDGMENT

First of all, I would like to thank the Almighty God for enabling me to write this report in good
health. I want to thank Dr. Ddumba Joseph Lwanyaga, Mr. Bagoole Christopher, Mr.Bendicto
S. Maseruka, Mr. Tigalana Dan, Mr. Marcel Engiro, and Mr.OKkinyi for their vital contributions.
Their insights and expertise enabled me to seamlessly integrate the research findings into this
report, culminating in the successful completion of my proposal. | thank the Department of
Water Resources Engineering for the assistance and cooperation. Your support has been vital
to my project's progress.

I would also like to thank the manager of National Water Quality Reference Laboratories, Mr.
Katumba Geoffrey, and Mr.Lubega Michael, for supporting me in my research by allowing me
to use their laboratories.

I would like to acknowledge my parents for their financial and emotional support during the
process of compiling this report.

Lastly, I acknowledge the encouragement and constructive criticism given by my peers, your
support has fostered a stimulating learning environment.



Table of Contents

A B ST R A T ettt b e st b e e bt b e et e bt et e enhe e beenreeanne e i
ACKNOWLEDGMENT ...ttt sttt e b sneas \Y
LISE OF TIQUIES ... ettt et r et e e e st e sbe e teeneenreente e viii
LISE OF TADIES ... viii
ABREVIATIONS ..ttt b e b e e nnn e reeaneas iX
CHAPTER ONE: INTRODUCTION .....ociiiiiieieeee et 1
1.1 BACKGROUND ...ttt ettt ettt sttt naee s 1
1.2 PROBLEM STATEMENT ...ttt 2
L3 OBUIECTIVES ...ttt b e rb et be e e nns 2
1.3.1 MaAIN ODJECHIVE ..veeviiceiccieee ettt re e sr e e reebeennenre s 2
1.3.2 SPECITIC ODJECLIVES ...t 2

LA JUSTIFICATION .ttt e 2
L5 SIGNIFICANCE ...ttt ettt e et e e te e nreeenes 2
1.6 SCOPE OF STUDY ...ttt ettt sttt e et eente e nnee s 3
CHAPTER TWO: LITERATURE REVIEW ..o 4
2.0 INEFOUUCTION ...ttt 4
2.1 Impact of Steel and iron iNAUSErieS Waste Water ...........ccccvevieeiieiie i 4
2.1.1 Co-existing ioNns in iNAUSErial WaSTEWALET ...........cceiiiiriiieieieee e 4
2.2 Biochar as an adSOrDENT ..........ccoiiiiiiiiiiee s 5
2.2.1 Biochar MOGITICATION .....cveiviiiiiiiiiiecee s 5



2.3 AdSOrptioN MECNANISIMIS......uviiiieie ettt e e e sreesaesreeteaneenreas 6

2.3.1 Factors affecting the adsorption performance of biochar ............ccccccevviieiicvvenee, 7
2.3.2 AASOIPLION 1SOTNEIMS .....viieeieec et 8

2.4 SUMMAry Of HITErature FEVIEBW ........cuoiiiiiiie et 8
CHAPTER THREE: METHODOLOGY ....ooiiiiiiiiieiie ettt 9
3.0 STUAY AIBA.....ecueeveeie ettt et e s et e e e s be e teena e ae e nte e e e e teeneenre s 9
3.1 SaMPIE COHBCLION.......eiieeie ettt et e beennenreas 9
3.1.2 SAMPIE ANAIYSIS.....cueiiiiecieeie et nes 9
3.1.3 BIOChAr PreParalion........ccueiueiuiiiiriiiiieiiei ettt bbbt 9
3.1.4 Biochar CharaCterization ............cccoiieieieieie et 9

3.2 EXPErimental GESIgN........ccviieiicie ettt sttt ae et eeste e reeare e 10
3.2.1 Batch eXperiment SEIUD .......ciieii ettt 11
3.2.3 Heavy metal concentration measurement ..........c.cccvevveeeeiieriesieseere e 12
3.2.4 ReMOVAl EFFICIENCY ....oouviiiiiiei e 12

3.3 AUSOIPLION CAPACILY ...ttt b bbbt 12
3.4 Removal efficiency of Pb Il ions and Zinc ions in mono-ion environment............... 12
CHAPTER FOUR: RESULTS AND DISCUSSION .....ccciiiiiiiieiiiiee e 13
AL INEFOAUCTION ...ttt 13
4.2 Biochar CharaCterization ..........c.cooeiiiiiiiiiiee e 13
4.3 Wastewater CharaCteriSatioN...........cc.curiiieieieie et 14
4.4.1 Removal efficiency of Pb Il ions and Zn ions after the adsorption process............ 16

Vi



4.4.2 Effect of Dose, pH, and contact time on the removal efficiency of Zinc ions........ 16
4.4.3 Effect of pH, dose and contact time on Pb Il ions removal efficiency ................... 17

4.5.5 Effect of two-way interaction of factors affecting the removal efficiency of zinc

FOMIS et 18

4.5 Adsorption capacity 0f the AMB ..o 18
4.7 Observations from mono-10N SOIULIONS. ..........ccoiiiiiiiiiicie e, 20
CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS ..o, 21
5.1 CONCIUSIONS. ...ttt bbbttt 21
5.2 RECOMMENUALIONS ......cviieiieiiiee ettt 21
RETEIENCES ...t bbbttt bbbt 22
F N 0] 61<] Lo [0l T PRSP P TP ST P VR URURPRPPOPIR 27

Vil



List of figures
Figure 1shows various methods of BC modification SOURCE: Advancements in application

of modified biochar as a green and low-cost adsorbent for wastewater remediation from organic

Figure 2 shows the various mechanisms of Biochar adsorption processes SOURCE: Biochar
for Wastewater Treatment—Conversion Technologies and Applications ...........c.ccocvevviveienn. 7
Figure 3 shows biochar made from rice NUSKS.........ccooiiiiiiiiiiiiiccee e 10

Figure 4 (A)shows a person using an electric weighing scale, (B)shows a Ph probe in use, (C)

shows a magnetic stirrer,(D)Shows an ICP-OES ..., 11
Figure 5 shows FTIR spectra for untreated biochar(left), SEM image (right) ........cc.cccceenenne. 13
Figure 6 shows FTIR spectra for AMB(left), SEM image(right) .........cccoceveiiiiiiiiiiicien, 14
Figure 7 a) shows effect of dose, b) effect of contact time, c) shows effect of pH, ................ 17

Figure 8 e) shows the effect of pH, f) shows the effect of dose, and g) shows the effect of

CONEACE TIME ON FESPONSE ...ttt ettt sttt b bbbt e et e bbbt e e 17
Figure 9 show the interaction of factors on their effect on the response............cc.ccoovvvveieienn. 18
Figure 10 shows the removal efficiencies of Pb, Zn over time ..........ccccocvevevieeineie e 20
Figure 11 show the interaction of factors on their effect on the response ...........ccccoovveienne. 34
List of tables

Table 1 showing the factors and their levels to be used for DOE using RSM ...........ccccce.e. 10
Table 2 summarises the initial concentrations of the metals existing in the wastewater......... 14
Table 3 Results of final concentration after adsorption ProCess.........ccocvvvvevieiieeiieeseesveene 14
Table 4 shows the results of the removal efficiency of Znand PD........cccccoiiiiiiiiiiiceen, 16
Table 5 shows the adsorption capacity of the biochar ..., 18
Table 6 shows the removal efficiencies, adsorption capacities of Pb and Zn ions in mono-ion
)T (=] 1 PP PPR PR 20

viii



ABREVIATIONS
AAS

cCcD

DOE

FTIR

ICP-OES

NDP

NWQRL

Pb

RSM

SDG

SEM

Atomic Absorption Spectrometer
Central Composite Design
Design of experiments
Fourier Transform Infrared
Inductively Coupled Plasma Optical Emission spectroscopy
National Development Plan
National Water Quality Reference Laboratory
Lead
Real Surface Method
Sustainable Development Goal

Scanning Electron Microscopy



