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ABSTRACT

The study investigates the creation of environmentally friendly bio-composite floor tiles
by reinforcing poly-lactic acid (PLA) bio-polymer with agricultural waste materials
including sawdust and rice husks. To increase the materials' compatibility with PLA, the
study looks into how treating sawdust and rice husks with sodium hydroxide affects their
characteristics. The ratio of these bio-fillers to PLA is then optimized using a design of
experiment (DOE) technique to produce bio-composite floor tiles with a balance of
mechanical strength, water resistance, and density. Lastly, the study assesses the bio-
composite floor tiles' mechanical (flexural strength and impact value) and physical (water
absorption and bulk density) qualities. The results encourage waste assessment in the

construction industry and aid in the development of sustainable building materials.






DEDICATION

This research is dedicated to those who strive for sustainable and environmentally
conscious solutions in the construction industry. May the outcomes of this study
contribute to a greener future for our communities and inspire others to explore innovative

approaches to building materials.



ACKNOWLEDGEMENT

We extend my heartfelt gratitude to my research supervisors, Associate Professor
Rwahwire Samson, Mr. Muwulya Vincent, and Mr. Ssebagala Ivan, for their guidance,
expertise, and unwavering support throughout this research proposal journey. Additionally,
appreciation goes to Dr.Musinguzi Alex, who provided assistance, advice, and

encouragement during various stages of this research.

We are also thankful to our parents for providing financial support for this research and
also for their understanding, encouragement, and patience during the demanding phases of

this research. This work would not have been possible without their unwavering support.



APPROVAL




Table of Contents

CHAPTER ONE: INTRODUCTION .......oooiitieiieieiieiieieie st etete e ste et essesseesaesaessesseensessesseensensansens 1
1.1 BaCK@IOUN. ...ooviiiiiiieiiecite sttt ettt s e st e s e e ssaessbestbestaesebessaesssesssesssesssensnenns 1
LA o (o) o) [ 0 ] 21730113 L USSR 3
R 0] 113 A< USSR 3

1.3.1 MAIN ODJECTIVE ...ttt ettt ettt ettt ettt ettt st e et e et e st e seteseeesabeeneesneesneesneas 3
1.3.2 SPECITIC ODJECTIVES teouviiiieiieriieiieeesieesteesteesteesteesteeseeesseesteesseesseesseessaesseesseesseesssasssesseesseens 3
1.4 ReSearch QUESTIONS .........eeecueieeuieeeiieeetiecete et e eeteeeeteeeeteeeetaeeeteeeaeeeteeeaeeeeseeeeseeeeaseeeseeeseeennes 4
1.5 JUSHHICALION ...ttt ettt ettt e b e st esat e s aeesatesatesbtesaeesaeesntesntesneesneesnnesnneens 4
1.6 SIGNTTICAINCE ... .ottt ettt et ettt st e et e et e et e satesateeateeateentesanesntesanesnnenns 4
1.7 SCOPE OF the STUAY. ..eeeiviiiiiiiieeiesieiestert sttt ettt et e et e e e essa e sa e saesseessaesseesseessaesseens 5
1.7.1 GEOZraphiCal SCOPE ... eevvierrieriieriieriiesiiesieesteesreesteesseesseesseesseessaesseesseesseesseesseesseesseessensseessens 5
1.7.2 CONCEPIUAL SCOPE ..eenetieieteiieeie ettt ettt ettt et ettt et e te e bt embe e bt enteeseebeenbeeseenseensean 5
1.7.3 TIIME SCOPE ..vveeureerriereeieesteeteeteeseesteesteesseesseesseesseesseesseesseesseesseassasssessseessessseessesssenssesssenns 5

CHAPTER TWO: LITERATURE REVIEW ..ottt 5
2.1 RICE NUSKS. ..ttt st sttt e st e st s bt e bt e s beeshe e s ae e bee bt as 5
2.2 SAWAUSL. ...eeutieteeieeeee ettt ettt ettt ettt et et e bt e te e bt et e e bt e bt e bt e bt e bt ebe e beebeenteenteenteen 6
2.3 COMIPOSILES. .vevvieereaereerreereareateasesseaseasseasseasseasseasseasseassesssesssesssessseasseassesssesssesssesssenssenssesssenns 7
2.4 POly-12Ctic ACIA (PLA) ..cuiiiieiieiieiieieee ettt ettt te et e b e e e esseesbeesseessaessaessaesseenns 7

CHAPTER THREE: METHODOLOGY ....ootitiitieieiesieeeieieie ettt eae st see s ssasseennenes 10
R B 1S o B Y < RO SRR 10

3.2 Specific objective one; To characterize both treated and untreated rice husks and sawdust. 10
3.2.1 Chemical treatment of rice husks and sawdust using sodium hydroxide. ....................... 10

3.3 Specific Objective two; To optimize the material properties for the production of floor tiles.11

3.3.1 SAMPIC PIrEPATALION ...ecvvieevieerieerierieteeieeteereereeresbeesaesssesssesssesssesssesssesssesseesssesssesssenseens 12
3.4 Specific objective three; To evaluate the mechanical and physical properties of the bio-
1670001010 ] 1< USSR 13

3.4.1 Water ADSOTPLION TESES. ...eeveeuiiiiiiiieieeie ettt sttt et aeesaeesaeeseeens 13

3.4.2 Flexural Strength TSt ....cccverierierierieseeseeeet ettt e se e e e e eseeeseessaesseesseeseesaessaessaens 14

3.4.3 Impact value of the SAMPIE. .....c.eeiviiiiiieeeee e 14

3.4.4 BUlK densSity TES...cevueeiuieriieiiiieiiesiiest ettt sttt sa ettt be b b aean 15

CHAPTER FOUR: RESULTS AND DISCUSSION ..ottt 16
4.1 SPECIfiC ODJECHIVE DM@ ....viiuvieiieiieiieiieteeieeteeteeieeteereesseesseesseesseesbeesseasseessesssesssesssesssensses 16

4.1.1 Effect of alkaline treatment on rice husks and sawdust. ...........cccecceevieiieiiniiniiices 16

4.1.2 FTIR analysis for both treated and untreated fibers. ..........coeceveiiriiiriiiniiniceeeee 16

4.1.3 Water absorption of untreated and treated SAWAUSL. .........cccveviercierciiriieeie e 18
4.2 SPecific OBJECTIVE TWO ....eieuiiiiieiieie ettt ettt ettt ettt et e eaeesateeneeenes 18

Vil



4.2.1 ANOVA for Quadratic MOdel.........cceeeuiieiiiiiiiieciiecie ettt e 19

4.2.2 FIt SEALISTICS ..uveeueenteieeeiieie sttt ettt ettt ettt ettt et et et e es e e et e ebeene et e beeneente s e eneeneeneenee 19
4.2.3 Fit SUMIMATY ....ecviiiieiieieeieeteereeteereeseeseesseesseeseesseesseesseesseesseessessseessesssesssessseessesssenns 20
4.2.4 Coded EQUALION ......eeueieiiieiie ettt ettt ettt ettt ettt e sate st e entesatesatesatesnteenseeneeenees 20
4.3 ANOVA 01 2FT MOAEL.....cotiiiiiiieiieie ettt ettt 20
4.3.1 Actual formulae for water abSOIPLION ........ccveeverierierierie et seee e sereseee e 21
4.3.2 FIt SUMIMATY ..ottt ettt ettt ettt ettt et e teeteebe e be e bt enbeenseebeenseenseenseenseenseens 21
4.3.3 18 Solutions fOUNM........cccueiiiiiiiieee ettt ettt et et 22
4.4 ODJECLIVE tATCE ... .ecuveeeiieiieiieiieie e eteete et e st e et e etteetaessbeesbesssessseassessseasseasseasseassessseassesssensses 22
4.4.1 Waater aDSOIPLIVILY. .euveevieiieriiesiiesteeieeteeteeteesteeteeseessessseesseesseesseesseessessseessessseassesssennses 22
4.4.2 Flexural Stren@th. ........c.coiiiiiiiieieee ettt ettt ettt et et 23
4.4.3 IMPACE SETENGLN. ...oveiiiiiiieie et ettt sttt ettt eee e 23
4.4.4 BUIK dENSILY TESL. ..uveeerieeriiiiiieiieeteerestestestaeseresteseresaesssesssessaesssesssesssesssesssesssesssesssensns 24
CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS ......ccecoieieierieieieeie e 25
5.1 RECOMMENAALIONS .....eeuvieiiieiieieeie et ettt ettt ettt ettt ettt et e e eteebeeabeenteenteenteenseenseenes 25
5.2 CRALIENEZES .....eevveevveeieeieeieei et et e e e ebeesteesbeesse e st esseesseesseesseasseassaesseesseasseasseasseessensseessenssennes 25
REFERENCES ...ttt ettt ettt e e e et et e st es e et e aeene et ensesne e 26
APPENDICES ...ttt sttt ettt b e st e e st e s e ssesseenseseeseessensenseensensensennes 34
LIST OF TABLES

Table 2- 1 . Chemical constituent and physical properties of rice husk ..........ccocceviriieieinnnen. 6
Table 3-1. Shows the build information of the software used. ..........cccecevenininienninees 11
Table 4- 1 . Shows % of lignin removed from sawdust. ..........ccccoeririeiiinenenienineneeieiees 16
Table 4-2 . Shows % of lignin removed from rice husks. ........cccceceveririenineniencnineceeenn 16
Table 4-3 . Shows the % water absorption of treated and untreated waste materials............... 18
Table 4-4 . Shows the sample results performed for 20 TUNS..........cceeevercrirciiiciieie e 18
Table 4-5 . Shows ANOVA for the 2FI model for Bending strength. ...........cccccevvvevvervnnnenne 19
Table 4-6 .Shows the Fit Statistics for bending strength .............ccocveiieiieiiniiiieieeeee 19
Table 4-7 . Shows the suggested models for Bending strength. ............ccocceeiiiiiiiiiiinnennnn. 20
Table 4-8 .Shows ANOVA for 2F1 for water absorption. ...........cccceeveevieereereerieesieesieenseenens 20
Table 4-9 . Shows the suggested model for water abSOrption. ..........cccceeeveeereereeeescreecreeneeene. 21
Table 4- 10 . Shows a variety of some of the optimized ratios of factors and responses. ........ 22
Table 4- 11 . Water absorption test TeSULLS. .......ecueerieiiiiiereeieeeeeeee e 22
Table 4- 12 . Flexural Strength test reSults. ........coooievieriiiieniieee e 23

i Vil



Table 4- 13 .Results of Impact value of the aggregate sample. .........cceceevieiieiiesieiieiee, 23

Table 4- 14 . Shows bulk density (BD) test reSults. ........cocceeriieriiereiieeieeeeeeeee e 24
LIST OF FIGURES
Figure 3- 1 . Shows the water bath and OvVen. ...........cccoociiiiiiiiiii e 11
Figure 3-2 . Shows sample ratios of materials used. ..........cecceevieiiniiiiiiiiiiecee e 13
Figure 3- 3 : Shows the impact testing eqUIPMENL. .........cccooieriirierierieieree et 14
Figure 3-4 . Shows 2.36mm sieve and digital balance. ...........cccccevvvreviinciiecinciinieeie e, 15
Figure 4- 1 . Shows the FTIR graph of treated and untreated ............ccccceeveeiiieiieiieieeneeenns 17
Figure 4-2 . Shows the FTIR peaks for both treated and untreated rice husks. ...................... 17
LIST OF ACRONYMS

ISO - International Organization of Standards
GSM - Grams per Square Meter

DOE - Design of Experiment

FTIR - Fourier Transform Infrared Spectroscopy
SDGs - Sustainable Development Goals

PLA - Polylactic acid



CHAPTER ONE: INTRODUCTION

1.1 Background.

Building materials derived from agricultural and industrial waste are becoming more
attractive in civil engineering and architectural applications because of their sustainability
and lower environmental impact (Muthuraj et al., 2019). In this regard, there has been
growing interest in developing sustainable thermal insulation materials from renewable
resources and industrial wastes. Composites derived from natural resources have great
potential because they have low density, less environmental impact, and good thermal
properties and over recent years there has been a significant incurrence in the use of
composite materials (Muthuraj et al., 2019). Generally, composites are a combination of
two or more distinct materials blended as separate phases and confined to form the desired
structure. Bio-composites derived from recycled waste materials like sawdust, rice husk,
and straw have a better strength-to-weight ratio than steel and are also significantly
cheaper to fabricate. Natural fiber composites are also emerging as an alternative to glass-

reinforced composites (Singh & Singh, 2019).

Additionally, traditional flooring materials have been known to come from a ternary blend
of clay-quartz-feldspar. These natural raw materials have had challenges of being non-
renewable and can be harmful to the environment when not disposed of properly.
Furthermore, these materials are expensive and susceptible to damage. Abundant
agricultural waste materials like rice husks and sawdust offer a sustainable and

environmentally friendly alternative(Safiki et al., 2021).

According to (Islam et al., 2019), Rice husks, the outer shell of the grain consists of
lignocellulose and silica making it strong and durable. Worldwide, rice production has
risen over the last years from 660 million tons to 7567 million. The reasons behind the use
of Rice Husk in the construction industry are its high availability, low bulk density (90-
150kg/m3), toughness, abrasive in nature, resistance to weathering, and unique
composition. The main components in rice husks are silica, cellulose, and lignin (Asha,

2017).

According to (Asha, 2017), Rice husk contains a high concentration of silica in amorphous
and crystalline (quartz) forms where amorphous silica determines the pozzolanic effect of
Rice husks. The pozzolanic effect exhibits cementitious properties that increase the rate at

which the material gains strength. Despite the potential benefits associated with rice husk,
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