
The Nelson Mandela AFrican Institution of Science and Technology

NM-AIST Repository https://dspace.mm-aist.ac.tz

Materials, Energy, Water and Environmental Sciences Masters Theses and Dissertations [MEWES]

2019-03

Evaluation of rice husk ash and

vermiculite materials in the production of

ceramic tiles

Abeid, Said

NM-AIST

https://doi.org/10.58694/20.500.12479/277

Provided with love  from The Nelson Mandela African Institution of Science and Technology









iii 
 

COPYRIGHT 

This dissertation is copyright material protected under the Berne Convention, the Copyright 

Act of 1999 and other international and national enactments, in that behalf, on intellectual 

property. It must not be reproduced by any means, in full or in part, except for short extracts 

in fair dealing; for researcher private study, critical scholarly review or discourse with an 

acknowledgement, without a written permission of the Deputy Vice Chancellor for 

Academic, Research and Innovation, on behalf of both the author and the Nelson Mandela 

African Institution of Science and Technology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







vi 
 

DEDICATION 

This dissertation is dedicated to my lovely mother Rachel Daniel for her love in me. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 
 

TABLE OF CONTENTS 
  
ABSTRACT ................................................................................................................................ i 
DECLARATION ....................................................................................................................... ii 

COPYRIGHT ........................................................................................................................... iii 

CERTIFICATION .................................................................................................................... iv 

ACKNOWLEDGEMENT ......................................................................................................... v 

DEDICATION .......................................................................................................................... vi 

LIST OF TABLES .................................................................................................................... ix 

LIST OF FIGURES ................................................................................................................... x 

LIST OF APPENDICES ........................................................................................................... xi 

LIST OF ABBREVIATIONS AND SYMBOLS .................................................................... xii 

CHAPTER ONE ........................................................................................................................ 1 

INTRODUCTION ..................................................................................................................... 1 

1.1 Background information .................................................................................................. 1 

1.2 Problem statement ............................................................................................................ 3 

1.3 Research problem justification ........................................................................................ 3 

1.4 Objectives ........................................................................................................................ 3 

1.4.1 Main objective .......................................................................................................... 3 

1.4.2 Specific objectives ..................................................................................................... 3 

1.5 Research questions ........................................................................................................... 4 

1.6 Significance of the study .................................................................................................. 4 

CHAPTER TWO ....................................................................................................................... 5 

LITERATURE REVIEW .......................................................................................................... 5 

2.1 Effect of quartz on strength of ceramic tiles .................................................................... 5 

2.2 Ceramic tiles forming, firing and sintering ...................................................................... 6 

2.3 Standard chemical composition of raw materials for ceramic tiles production ............... 8 

2.4 General mineralogical structure of vermiculite and RHA ............................................... 8 

2.5 General microstructure of the final ceramic body ........................................................... 9 

2.6 Standard physical, mechanical and thermal properties of ceramic tiles .......................... 9 

2.7 Vermiculite .................................................................................................................... 10 

2.8 Rice husk ash (RHA) ..................................................................................................... 10 

CHAPTER THREE ................................................................................................................. 12 

MATERIALS AND METHODS ............................................................................................. 12 





ix 
 

LIST OF TABLES 

Table 1:  Chemical characteristics of the raw materials used in the porcelain tile body (wt. %) 

(Dondi et al., 1999; Vieira and Monteiro, 2007) ........................................................ 8 

Table 2: Mix proportion of Raw Materials (Wt. %) ................................................................ 13 

Table 3: Chemical composition of raw materials (wt. %) ....................................................... 18 

Table 4: Physical-mechanical properties of sintered tile bodies sintered at 1180oC ............... 21 

Table 5: Physical and thermal properties of tile samples ........................................................ 27 

 

 

 

 

 

 

 





xi 
 

LIST OF APPENDICES 

Appendix 1: Batch formulations .............................................................................................. 36 

Appendix 2: Physical and mechanical properties calculations ................................................ 39 

Appendix 3: Thermal properties calculations .......................................................................... 41 

 



xii 
 

 LIST OF ABBREVIATIONS AND SYMBOLS 

SEM      Scanning Electron Microscopy 

XRD      X-Ray Diffractometry 

XRF      X-Ray Fluorescent Spectroscopy 

BD         Bulk Density 

AP         Apparent Porosity 

WA        Water Absorption 

LS        Linear shrinkage  

         Flexural strength 

 

 

 

 

 

 



1 
 

CHAPTER ONE 

INTRODUCTION 

1.1 Background information 

Demand for ceramic tiles is increasing day by day and researchers are becoming interested in 

searching for new materials in order to develop tiles with good mechanical strength for 

household uses as well as for decoration purposes.  Apart from strength, the technical 

functions of floor tiles based on thermal insulation is very important in buildings with human 

occupation where thermal comfort is required (Effting et al., 2006). The technology of 

obtaining ceramic floor tiles that provide thermal comfort to the contact assists market niches 

little explored, as hot environments like swimming pools areas and cold environments like 

bedrooms and bathrooms (Effting et al., 2007). In this study the influence of vermiculite and 

RHA on the physical, mechanical and thermal properties of ceramic tiles bodies has been 

tested and evaluated.  

Ceramic tiles are composed essentially of clay and other inorganic raw materials such as 

quartz, feldspar and carbonates, the clay being the most important raw material. In fabrication 

of ceramic products, selection of raw materials must be taken into consideration because it 

plays vital role in the final ceramic body (Celik, 2010). A typical ceramic body composition 

will consist of 50 % clay, 25 % quartz and 25 % feldspar. Clay imparts rigidity to the ware. 

Feldspar as a flux provides a glassy phase in the microstructure. Quartz on the other hand 

lowers both drying and firing shrinkage and imparts rigidity to the wares. Mullite and glass 

constitute the major phases of final ceramic product. Other constituents of the fired ceramic 

body in minor levels are quartz, cristobalite, tridymite and corundum (Akwilapo and Wiik, 

2003). The distinguishing factors in the properties of different ceramic products are brought 

about by variations in the proportion of these materials, the processing and the firing schedule 

adopted. Some of the clay based ceramic products are as shown in Fig. 1. 
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(iii) To investigate the influence of vermiculite and rice husk ash content on the physical, 

mechanical and thermal properties of the fired tile bodies. 

1.5 Research questions 

(i) Are the chemical, phase and morphological compositions of raw materials, 

formulations and fired ceramic bodies similar to that used in traditional ceramic tiles 

production? 

(ii) What proportions of vermiculite and rice husk ash lead to the maximum formation of 

mullite phase during sintering? 

(iii) What is the influence of vermiculite and rice husk ash content on the physical, 

mechanical and thermal properties of the fired tile bodies? 

1.6 Significance of the study 

The knowledge from this study will help ceramists to produce low-cost lightweight ceramic 

tiles with a required thermal comfort and good mechanical strength using porous materials 

which are vermiculite and RHA. The study will lead to localization of ceramic tile 

manufacturing technology and immediate socio-economic impact of value added product 

from indigenous raw materials. Regarding environmental point of view, other significant 

benefits of using RHA can be looked based on avoided landfill disposal of the residue.  
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2.2 Ceramic tiles forming, firing and sintering 

The fundamental steps used in the process of manufacturing ceramic tiles involve mixing, 

moulding, glazing and firing. Before firing the ceramic body is said to be green, means not 

fully processed or treated. This green body lacks hardness and strength, so it is heated to fix 

its shape and to achieve hardness and strength. Firing is the heat treatment process that sinters 

the ceramic material it is performed in a furnace called a kiln. In sintering, bonds are 

developed between the ceramic grains, and this is accompanied by reduction of porosity. 

Sintering means that the powdered particles start to stick to one another where they touch. 

The finer the ceramic particles are ground, the earlier the sintering will start and the stronger 

the bond will become. As the temperature rises above 600°C, the sintering of ceramic 

powders starts. 

Ceramic sintering is part of the firing process used in the manufacture of pottery and other 

ceramic objects like tiles. Sintering occurs by diffusion of atoms through the microstructure. 

This diffusion is caused by a gradient of chemical potential, atoms move from an area of 

higher chemical potential to an area of lower chemical potential (Hassan and Maharaz, 2015). 

The different paths the atoms take to get from one spot to another are called sintering 

mechanisms. Figure 2 shows the six common sintering mechanisms: 

(i) Surface diffusion which is a diffusion of atoms along the surface of a particle 

(ii) Lattice diffusion from surface where the atoms from surface diffuse through lattice 

(iii) Vapor transport in which evaporation of atoms condense on a different surface 

(iv) Grain boundary diffusion where the atoms diffuse along grain boundary 

(v) Lattice diffusion from grain boundary where atoms from grain boundary diffuses 

through lattice 

(vi) Plastic deformation which is a dislocation motion that causes flow of matter (Hassan 

and Maharaz, 2015). 
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(vii)  Fisheries �6�W�D�N�H�K�R�O�G�H�U�V�¶���,�Q�Y�R�O�Y�H�P�H�Q�W���L�Q���,�Q�I�R�U�P�D�W�L�R�Q���*�D�W�K�H�U�L�Q�J�� 

The study requested respondent to indicate if they have been involved in fisheries information 

gathering before. This study revealed that majority of respondents 325 (84.4%) have not been 

involved in fisheries information collection and only 60 (15.6%) has been involved as depicted 

in Fig. 14. This finding indicate that participation of stakeholders in fisheries data collection 

are not sufficient.  

 

Figure 14:  �$�Q�D�O�\�V�L�V���R�I���V�W�D�N�H�K�R�O�G�H�U�¶�V���L�Q�Y�R�O�Y�H�P�H�Q�W���L�Q���L�Q�I�R�U�P�D�W�L�R�Q���J�D�W�K�H�U�L�Q�J 

(viii)  Fisheries Information Gathering and Dissemination Mode 

The study requested respondents to state how they disseminate fisheries information to their 

stakeholders. Findings indicated that majority of respondents 238 (61.7%) are informally. 

Further results indicated that 44 (11.4%) respondents gather fisheries information using 

questionnaire, 44 (11.4%) gather fisheries information using interview, 40 (10.5%) disseminate 

fisheries information using seminar, 10 (2.7%) disseminate fisheries information using CD and 

DVD, 9 (2.3%) disseminate fisheries information using radio and television, and no respondent 

indicated using landline phone, mobile phone or internet. Figure 15 presents these results. 
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4.1.2 Evolutionary Participation-Reputation Incentive Game Model Simulation 

Experimental Results  

(i) The Dynamics Evolution for Information Users 

When �T�4 L �r�ä�y, the dynamic evolutions of �T�ç and �4�Ü�á�ç for information users are depicted in 

Fig. 33. The simulation results in Fig. 33 demonstrates that �T�ç will rise until it reaches the 

steady state. At the beginning of the game, information users choose the honest strategy and 

their reputations grows with their choices. However, if due to any reasons an information users 

choose dishonest strategy, their reputations will decline and will be penalized immediately as 

described in Fig. 33. Then the penalized information users after some time t will note that their 

fees and taxes amount has increased compared to the originally set fees and taxes. Therefore, 

next iteration they will try to choose honest strategy and observe the results.  When compared 

to the fees and taxes that were originally set, the information users will notice lower costs and 

taxes during this iteration. As a result, information users will choose an honest strategy to save 

money on fees and taxes. Finally, users of information will only choose honest strategies, and 

the fraction of honest users will stabilize. The outcome of our simulation shows that 

information users learn from the payoff they obtain for each strategy they choose during a game 

round and alter strategies to optimize their payoffs (discount). 

 
Figure 32: The evolution of �ž�š and �~�•�á�š for initialized value �ž
ÙL 
Ù�ä
à 
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immediately as described in Fig. 35. Then the penalized information providers after some time 

t will note that their fees and taxes amount has increased compared to the originally set fees 

and taxes. Therefore, next iteration they will try to choose honest strategy and observe the 

results.  During this iteration the information providers will observe reduced fees and taxes 

compared to the originally set fees and taxes. Therefore, information providers will choose 

honest strategy to obtain more discounts on fees and taxes. Finally, only honest strategies will 

be chosen by information providers, and the fraction of honest will achieve a stable state. This 

conclusion indicates that stakeholders continue to learn from the payoffs gained for each 

strategy chosen during a game round and adjust their strategies to optimize their payoffs 

(discount). 

 

Figure 34: The evolution of �Ÿ�š and �~�•�á�š for initialized value �Ÿ
ÙL 
Ù�ä
à 

The effect of initialized values of the honest proportion �U�4 for information providers is seen in 

Fig. 36. As seen in Fig. 36, the higher the fraction of honest individuals at the start of the 

evolutionary process, the quicker the ESS group emerges. The key reason is that if more 

information providers adopt honest strategy in their population, the remaining dishonest 

information providers have a high possibility of switching to honest strategy as the game 

progresses. As a result, there's a good chance that dishonest information providers may switch 

to a more honest method in order to gain more savings on fees and taxes. As a result, 
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CHAPTER FIVE  

CONCLUSION AND RECOMMENDATIONS  

5.1 Conclusion  

The goal of this research project was to design and hypothesis an evolutionary game-theoretical 

model for reliable multi-channel information gathering and dissemination. The study looked 

into the ICT channels that fisheries stakeholders own and utilize to obtain and disseminate 

information. The purpose of the channel investigation was to determine which route best suited 

which stakeholder group for gathering and disseminating fishery data. The likelihood of 

channel effectiveness for six channels was estimated and compared to each stakeholder group. 

Based on the findings of the complete comparison, it was determined that no single channel 

can successfully serve all fisheries stakeholders. To address this issue, the researchers 

developed a multi-channel fisheries information management system architectural framework 

that would allow all stakeholders to participate effectively in the collection and transmission 

of fisheries data.  

In addition, the study devised and built an evolutionary game theoretical model to aid in the 

accurate and honest usage of the fisheries information gathering and dissemination system 

framework. To incentivize honest users and penalize dishonest users, the model used 

participation and reputation as a criterion. Both information users and information providers 

had their dynamics simulated empirically. The comparative study of the experimental 

simulation findings demonstrated that after numerous game rounds, the majority of 

stakeholders will be motivated to select honest strategy, regardless of the population of 

stakeholders or the higher number of dishonest stakeholders at the start of the game. 

5.2 Recommendations  

The developed multi-channel fisheries information management system architectural 

framework and an evolutionary game theoretical model can facilitate effective involvement, 

truthful and honest use of fisheries information gathering and dissemination system among 

fisheries stakeholders. To achieve the deployment of the multi-channel fisheries information 

management system which employs participation-reputation based incentive scheme, this 

study appeals to the Government to establish supportive policies to enable private-public 

partnerships in system development, channel acquisition, and system management. The 
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Figure 7 (a) shows the morphology of vermiculite sample containing flakes with individual 

layer crystals which are very closely spaced. The milled vermiculite flakes have a size range 

of smaller than 150 . The images show that vermiculite is more porous than porcelain and 

hence increasing in vermiculite content cause an increase in porosity size and amount. These 

results have a good agreement with bulk density and porosity results of the tile samples. 

Figure 7 (b) shows the scanning electron microscopy of RHA powder which indicates that the 

ash is siliceous in nature with a porous structure and consists of quartz grains of various sizes 

and irregular shapes; these results agree with other authors as per Hassan and Maharaz 

(2015), Farooque (2009) and Zhang and Malhotra (1996). The porous nature of RHA and its 

honeycombed structure is responsible for its high specific surface and this is a good 

indication for its suitability in ceramic tiles applications (Farooque et al., 2009).   

4.2 Physical and mechanical properties of tile samples 

The results for this study on the physical and mechanical properties tests of the ceramic 

samples fabricated using vermiculite and RHA are presented below and well summarised in 

Table 4. The symbols WA, P, BD, LS and  are water absorption, porosity, bulk density, 

linear shrinkage and flexural strength, respectively. 

Table 4: Physical-mechanical properties of sintered tile bodies sintered at 1180oC 

Tile code WA 

 

P 

 

BD 

 

LS 
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4.2.1 Influence of vermiculite on the physical and mechanical properties of tile samples 

The bulk densities of fired tile bodies were decreasing with addition of vermiculite from 20 to 

35 wt. % (Fig. 8 a). The maximum bulk density was 1.74 g/cm3 obtained when vermiculite 

was 20 wt. % while the minimum was 1.28 g/cm3 obtained when vermiculite was added up to 

35 wt. % The bulk density of the control sample which had 0 wt. % vermiculite was          

2.15 g/ cm3 (Table 4). Decrease of bulk density of tile bodies with addition of vermiculite 

was mainly caused by low unit weight and density of raw vermiculite (Sutcu, 2015). The 

expanded vermiculite has the density ranging between 0.2 to 0.3 g/cm3 (Önen et al., 2016). 

These values are low compared to that of clay and kaolin which their bulk density is about 

0.8 g/cm3. Hence, increase of vermiculite content in the samples led to decrease in bulk 

densities. On the other hand results show that, bending strength of fired ceramic bodies 

decrease with addition of vermiculite content (Fig. 8 a). The reference sample had bending 

strength of 28.86 MPa when the amount of vermiculite in the body was 0 wt. % and this 

value decreased up to 4.40 MPa when vermiculite content reached 35 wt. % which was the 

maximum vermiculite content for this study. The maximum bending strength for tile bodies 

with vermiculite as the only additive material was 14.90 MPa obtained when the vermiculite 

composition was 20 wt. %. This tile body had the strength value close to the required 

standard for wall tiles while the remaining compositions had values less than 14.90 MPa. 

According to commercial standards the minimum strengths for wall and floor tiles are16 MPa 

and 22 MPa respectively ISO 10545 (Matteucci et al., 2002). 

 

(a) 



23 
 

 

Figure 8: Influence of vermiculite content on the physical and mechanical properties of the 
fired ceramic bodies (a) bulk density and flexural strength (b) water absorption, 
porosity and linear shrinkage 

Figure 8 b shows the influence of vermiculite content on water absorption, porosity and linear 

shrinkage of the fired tile samples. The percentage of porosity of the fired ceramic bodies 

increase with increase of the vermiculite content. The minimum value was 5.72 % when 

vermiculite content was 0 wt. % and the highest was 21.29 % obtained when the vermiculite 

content was 35 wt. % The tile body with 20 wt. % vermiculite had porosity value close to the 

required international standard for wall and floor tiles applications which is 7 to 12 % of total 

porosity (Vieira and Monteiro, 2007).  Since water absorption is directly related to open 

porosity, its value also increases with the increase of vermiculite content too. With addition 

of vermiculite the water absorption increased from 2.17 % of the control tile sample up to 

16.81 % which was the highest and was obtained when vermiculite content reached 35 wt. %. 

The linear shrinkage of the tile samples increased with the increase of vermiculite content 

with values ranging from 1.02 % of the control sample to 12.00 % when vermiculite was 35 

wt. %. This is because during firing vermiculite lose water moisture and other volatile 

(carbon contents) materials, this leads to reduction in particles size and hence dimension. 

4.2.2 Influence of RHA on the physical and mechanical properties of tile samples 

The bulk density of the tile samples decreased with increase of RHA content. The control tile 

sample had the bulk density of 2.15 g/cm3 when RHA was zero and this value decreased up 

to 1.46 g/cm3 when RHA was added up to 20 wt. % together with 35 wt. % vermiculite (Fig. 

9 a). The maximum bulk density of samples with RHA was 1.88 g/cm3 obtained when RHA 

(b) 
































































