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ABSTRACT 

 Bentonite from Andrassy and Mansuli area of Sabah had been proven 
containing higher impurity minerals than commercial bentonite used in petroleum 
industry.  This study comprises an optimum beneficiation process to upgrade the 
quality of Sabah bentonite by removal of iron and quartz content from it. Several 
organic acids have been studied but only the oxalic acid can successfully be used. 
Oxalic acid can be produced by fermentation with filamentous fungi such as 
Aspergillus and Penicillium, using as substrate residues with high organic carbon 
content. The exhaust fermentation medium can be the extracting agent for dissolving 
the bentonite iron-oxides. This process is economically favourable; besides producing 
effluents which are easy to purify. Other parameters that included in this study are 
oxalic acid concentration, beneficiation time, temperature and pH.  In general, the 
optimum conditions for Andrassy and Mansuli samples beneficiation process occurred 
at an oxalic acid concentration of 7.1 Kg m-3 with 2 hours beneficiation time, 
temperature at 80°C, and a pH less than 2.  The results obtained after beneficiation 
indicated that the content of the montmorillonite mineral from Andrassy and Mansuli 
sample show improvement with increment from 47 % to 258 % of the original value. 
The maximum associated silica and iron oxide released with gravitational process are 
in the range of 2.51% to 11.92% and 1.38% to 13.33%, respectively. The Liquid limit, 
plastic limit and plasticity index improved varying from 89.82% to 229.63%, 0.40% to 
37.13% and 181.78% to 582.57%, respectively. The moisture content and moisture 
absorption increased in the range of 9.92% to 63.33% and 3.42% to 79.26%, 
respectively. The cation exchange capacity improved in the range of 22.45 % to 58.54 
% and the specific surface area increment from 17% to 104.50%.   However, the 
upgraded sample failed to fulfil the API (American Petroleum Institute) requirements 
for rheological properties when used as a material in drilling mud and an additive for 
oilwell cement.  Thereafter, certain polymer dispersant had been added to improve 
rheological properties of the upgraded Sabah bentonite slurry so that it can be used as a 
drilling mud material and as oilwell cement additive. The YP/PV ratio of the 
beneficiated samples with addition of 1% to 4% wt Tannathin successfully met the 
API 13A and 10A requirement. The fluid loss of the beneficiated sample reduced when 
2% to 2.5% wt of Tannathin was added. Generally, the degree of improvement of 
bentonite quality mainly depend on the origin of bentonite itself, it’s composition, 
chemical used in the beneficiation process and it’s concentration, beneficiation time, 
temperature and pH of the solution. 
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ABSTRAK 

Bentonit dari kawasan Andrassy dan Mansuli di Sabah telah dibuktikan 
mengandungi lebih banyak mineral asing berbanding bentonit komersial yang 
digunakan dalam industri petroleum.  Kajian ini merangkumi proses penceriaan 
optimum untuk meningkatkan kualiti bentonit Sabah dengan cara mengasingkan besi 
dan kuarza daripadanya.  Beberapa asid organik telah dikaji tetapi didapati hanya asid 
oksalik yang berjaya digunakan.  Asid oksalik boleh dihasilkan daripada fermentasi 
cendawan seperti Aspergillus dan Penicillium, digunakan sebagai residu substrat 
dengan kandungan karbon organik yang tinggi. Medium fermentasi ekzos boleh 
digunakan sebagai agen penyari untuk melarutkan oksida-oksida besi dalam bentonit.  
Proses yang berlaku adalah lebih ekonomik, disamping menghasilkan efluen yang 
mudah dimurnikan.  Parameter-parameter lain yang dikaji merangkumi kepekatan asid 
oksalik, masa penceriaan, suhu dan pH. Umumnya, keadaan optimum bagi proses 
penceriaan bagi sampel Andrassy dan Mansuli berlaku pada kepekatan asid oksalik 7.1 
Kg m-3, masa penceriaan 2 jam pada suhu 80°C dan pH larutan kurang daripada 2. 
Keputusan yang diperolehi selepas penceriaan menunjukkan peningkatan kandungan 
mineral montmorillonit antara 47 % sehingga 258 % daripada kandungan asal. Kuarza 
bersekutu dan besi oksida bersekutu maksimum yang dapat dipindahkan melalui 
proses gravitasi, masing-masing dalam julat 2.51% hingga 11.92% dan 1.38% hingga 
13.33%. Had cecair, had plastik dan indek keplastikan masing-masing meningkat 
antara 89.82% hingga 229.63%, 0.40% hingga 37.13% dan 181.78% hingga 582.57%. 
Kandungan lembapan dan jerapan lembapan meningkat masing-masing dalam julat 
antara 9.92% hingga 63.33% dan 3.42% hingga 79.26%. Kapasiti pertukaran kation 
pula meningkat dalam julat antara 22.45% hingga 58.54% dan luas permukaan spesifik 
meningkat antara 17% hingga 104.50%.  Bagaimanapun, sampel yang telah 
dipertingkatkan ini masih gagal memenuhi spesifikasi sifat-sifat reologi yang telah 
ditetapkan oleh API (American Petroleum Institute) untuk digunakan sebagai bahan 
bendalir penggerudian dan bahan tambah simen telaga.  Oleh yang demikian, polimer 
penyerak tertentu telah ditambah untuk meningkatkan sifat-sifat reologi buburan 
bentonit Sabah yang telah ditingkatkan supaya ia boleh digunakan sebagai bahan 
bendalir penggerudian dan bahan tambah simen telaga. Nisbah YP/PV dari sampel 
yang telah dipertingkatkan dengan penambahan Tannathin sebanyak 1% hingga 4% 
berat, berjaya memenuhi spesifikasi  API 13A dan 10A. Kehilangan turasan daripada 
sampel yang telah dipertingkatkan berkurang bila 2% hingga 2.5% berat Tannathin 
dicampurkan. Amnya, darjah peningkatan kualiti bentonit terutamanya bergantung 
kepada asal-usul bentonit dan komposisinya, bahan kimia yang digunakan dalam 
proses penceriaan dan kepekatannya, masa penceriaan, suhu serta pH larutan. 



vii

TABLE OF CONTENTS 

CHAPTER TITLE PAGE

DECLARATION ii

DEDICATION iii

ACKNOWLEDGEMENT iv

ABSTRACT v

ABSTRAK vi

TABLE OF CONTENTS vii

LIST OF TABLES xiv

LIST OF FIGURES xvii

LIST OF SYMBOLS xx

LIST OF APPENDICES xxiii

1 INTRODUCTION 1

1.1  Introduction 1

1.2  Study Area 3

1.3  Problem Statement 4

1.4  Objective 5

1.5 Scope of Study 5

1.6 Thesis Organization 6

2 THEORITICAL STUDY 8

2.1       Introduction 8



viii

2.2 Uses of Bentonite 10

2.3 Bentonite Mineralogy 13

2.4        Bentonite Structure 14

             2.4.1 Surface Charge of Bentonite 17

             2.4.2 Bentonite Particle Interaction 17

                      2.4.2.1 Electrical Double Layer 18

                      2.4.2.2 Interparticle Double Layer Repulsion 20

                      2.4.2.3 Particle Association in Bentonite 

                                  Suspension 21

2.5 Chemical Properties of Bentonite 23

             2.5.1 Chemical Composition 23

             2.5.2 Swelling 23

             2.5.3 Ion Exchange 25

             2.5.4 Specific Surface Area 27

2.6 Physical Properties of Bentonite 29

2.6.1Specific Gravity 29

            2.6.2 Plastic Properties 31

2.6.3 Moisture Content, Moisture Adsorption

And Ignition Loss 33

2.6.4Viscosity 33

2.7       Beneficiation Process of Bentonite 34

            2.7.1 Effect of Beneficiation Process Parameter 36

                     2.7.1.1 Temperature 36

                     2.7.1.2 Stirring Speed 39

                     2.7.1.3 Liquid to Solid Ratio 40

                     2.7.1.4 Extractant Concentration 40

            2.7.2 Kinetics of Beneficiation Process 41

            2.7.3 Beneficiation Mechanism 45

                     2.7.3.1. Generation of Active Centers 46

                     2.7.3.2. Reductive Dissolution of Active

                                  Centers 46



ix

                     2.7.3.3. Autocatalytic Dissolution of Active  

                                  Centers 47

2.8       Bentonite as a Drilling Mud Material 47

            2.8.1 Bentonite as a Gelling Agent 48

            2.8.2 Bentonite as a Fluid Loss Control Agent 48

            2.8.3 API Requirements for Drilling Mud  

                     Specification 49

2.9 Bentonite as an Oilwell Cement Additive 50

            2.9.1 API Requirements for Oilwell Cement  

                      Specification 50

2.10 Summary 51

3 PREVIOUS STUDY 53

3.1 Introduction 53

3.2 Source of Andrassy and Mansuli Bentonite 53

3.3 Improvement of Andrassy and Mansuli Bentonite 55

            3.3.1 Treated Local Bentonite As a Drilling Mud

                     Material 56

3.3.2 Treated Local Bentonite As an Oilwell Cement 

                      Additive 57

3.4 Summary 58

4 METHODOLOGY 59

4.1       Introduction 59

4.2       Commercial Bentonite 59

4.3       Raw Sample Preparation 61

            4.3.1 Field Sampling 62

            4.3.2 Drying Process 66

            4.3.3 Sample Sieving 66



x

4.4       Bentonite Composition Determination 67

            4.4.1 Mineralogy Composition 69

4.5       Bentonite Physical Properties Determination 69

            4.5.1 Specific Gravity 70

            4.5.2 Liquid Limit 71

            4.5.3 Plastic Limit 73

            4.5.4 Plasticity Index 74

            4.5.5 Moisture Contents, Moisture Adsorption and

                     Ignition Loss 74

4.6       Bentonite Chemical Properties Determination 75

            4.6.1 pH Determination 75

            4.6.2 Chemical Composition Determination 76

                     4.6.2.1 Sample Preparation 76

                     4.6.2.2 Chemical Composition Determination 77

                     4.6.3 Specific Surface Area Determination 79

                     4.6.4 Cation Exchange Capacity Determination 80

4.7 Iron Content Removal from Raw Bentonite  

            Procedure 81

            4.7.1 Gravitational Technique 81

            4.7.2 BeneficiationTechnique 83

4.8        Performance Test as a Drilling Mud Material 84

             4.8.1 Drilling Mud Preparation 85

             4.8.2 Rheology Test 85

             4.8.3 Filtrate Volume Performance Test 86

4.9        Performance Test as an Oilwell Cement Additive 88

             4.9.1 Dispersed Plastic Viscosity Determination 88

             4.9.2 Free Water Content of Cement Slurry  

                      Determination 88



xi

5 RESULTS AND DISSCUSION 90

5.1        Introduction 90

5.2        Raw Bentonite Mineral Content 90

5.3        Raw Bentonite Physical Properties 92

             5.3.1 Specific Gravity 92

             5.3.2 Liquid Limit, Plastic Limit And Plasticity  

                      Index 

93

             5.3.3 Moisture Content, Moisture Adsorption And

                      Ignition Loss 

95

5.4        Chemical Properties of Raw Bentonite 97

              5.4.1 Chemical Composition 97

              5.4.2 Cation Exchange Capacity 100

              5.4.3 Specific Surface Area 101

5.5         Microscopic Structure of Raw Bentonite 102

5.6         Raw Bentonite Performance as a Drilling Mud  

              Material and Oilwell Cement Additive 103

              5.6.1 Raw Bentonite Performance as a Drilling Mud 

                       Material 107

                       5.6.1.1 Viscometer 600 rpm Dial Reading 107

5.6.1.2 Yield Point to Plastic Viscosity Ratio 108

                       5.6.1.3 Fluid Loss Control 108

              5.6.2 Raw Bentonite Performance As an Oilwell  

                       Cement Additive 109

5.6.2.1 Yield Point to Plastic Viscosity Ratio 109

                        5.6.2.2 Dispersed Plastic Viscosity 110

                        5.6.2.3 Dispersed Filtrate Volume 110

                        5.6.2.4 Free Water Content 111

5.7         Gravitational Process 111

              5.7.1 Concen trate Bentonite Mineral Component 111

              5.7.2 Concentr ate Bentonite Physical Properties 116

                       5.7.2.1 Specific Gravity 116



xii

                       5.7.2.2 Liquid Limit, Plastic Limit and               

                       Plasticity Index 116

                       5.7.2.3 Moisture Content, Moisture

                                   Adsorption and Ignition Loss 117

             5.7.3 Concentrate Bentonite Chemical Properties 119

                       5.7.3.1 Chemical Composition 119

                       5.7.3.2 Cation Exchange Capacity 121

                       5.7.3.3 Specific Surface Area 122

             5.7.4 Concentrate Bentonite Performance as a  

                       Drilling Mud Material and an Oilwell Cement  

                       Additive 123

                       5.7.4.1 Concentrate Bentonite Performance as  

                                   a Drilling Mud Material 123

                       5.7.4.2 Concentrate Bentonite Performance as  

                                   an Oilwell Cement Additive 124

5.8       Optimum Benefici ation Process of Impurities  

             Mineral 126

             5.8.1 Optimum Beneficiated Solvent 126

             5.8.2 Effect of an Oxalic Acid Concentration on Iron 

                      Removal 127

             5.8.3 Effect of Temperature and Time of Extracting  

                      on Iron Removal 129

             5.8.4 Effect of pH on Iron  Removal 132

5.9   Beneficiated Benton ite Mineral Composition 135

5.10   Beneficiated Bentonite  Physical Properties 139

             5.10.1 Specific Gravity 139

             5.10.2 Liquid Limit, Plastic Limit and Plasticity  

                        Index 140

             5.10.3 Moisture Content, Moisture Adsorption And

                        Ignition Loss 142

5.11      Beneficiated Bentonite Chemical Properties 144



xiii

             5.11.1 Chemical Composition 144

            5.11.2 Cation Exchange Capacity 146

            5.11.3 Specific Surface Area 147

5.12  Beneficiated Bentonite Performance as a Drilling  

            Mud Material and Oilwell Cement Additive 148

5.12.1 Beneficiated Bentonite Performance as a  

                        Drilling Mud Material  148

                        5.12.1.1 Viscometer 600 rpm Dial Reading 150

                        5.12.1.2 Yield Point to Plastic Viscosity Ratio 154

                        5.12.1.3 Fluid Loss Control 156

5.12.2 Beneficiated Bentonite Performance as an  

                        Oilwell Cement Additive 159

                        5.12.2.1 Yield Point to Plastic Viscosity Ratio 159

                        5.12.2.2 Dispersed Plastic Viscosity 159

                        5.12.2.3 Dispersed Filtrate Volume 160

                        5.12.2.4 Free Water Content 160

5.13 Economic Analysis 161

6 CONCLUSIONS AND RECOMMENDATIOS 164

6.1. Conclusions 164

6.2  Recommendations 166

REFERENCES 167

APPENDICES 177



xiv

LIST OF TABLES 

TABLE NO TITLE PAGE

2.1 Chemical composition of typical reference bentonite 23

2.2 Cation exchange capacity of clay minerals 27

2.3 Anion exchange capacities of clay minerals 27

2.4 Specific surface area and particle geometry 30

2.5 Typical particle characteristics and specific surface area 
of selected clay minerals 30

2.6 API Specification 13A Secti on 4 Na-bentonite physical 
Requirements 50

2.7 Non-treated bentonite ph ysical requirements 51

4.1 Mineral composition of commercial bentonite 61

4.2 The Atterberg limit of commercial bentonite 61

4.3 Moisture content, moisture absorption and ignition loss of 
Commercial bentonite 61

4.4 Suspension properties of commercial bentonite samples 61

4.5 Properties of commercial bentonite samples as an oilwell 
additive 62

4.6 Chemical element of commercial bentonite samples 62

4.7 The number of raw sample 65

4.8 Factors for obtaining liquid limit from water content and 
number of drops causing closure of groove  72

5.1 Quantitative analysis of raw Andrassy and Mansuli 
samples 91

5.2 Semi-quantitative analysis of raw Andrassy and Mansuli 
samples 92



xv

5.3 Specific gravity of raw Andrassy and Mansuli samples 93

5.4 The Atterberg limit of raw bentonite samples 94

5.5 MC, MA and IL values of raw Andrassy and Mansuli
bentonite samples 96

5.6 Chemical composition of raw Andrassy and Mansuli 
bentonite samples 99

5.7 CEC of raw Andrassy and Mansuli samples 100

5.8 Specific surface area of raw Andrassy and Mansuli 
samples 101

5.9 Suspension properties of raw Andrassy and Mansuli 
samples 107

5.10 Properties of raw Andrassy and Mansuli sample as an 
oilwell cement additive 109

5.11 Semi-quantitative XRD analysis of concentrated Andrassy 
and Mansuli samples 112

5.12 Quantitative XRD analysis of concentrated Andrassy and
Mansuli samples 112

5.13 Specific gravity of concentrated bentonite samples 116

5.14 The Atterberg limit of concentrated bentonite samples 117

5.15 MC, MA and IL values of concentrated Andrassy and
Mansuli samples 118

5.16 Chemical composition of concentrated Andrassy and  
Mansuli samples 120

5.17 CEC of concentrated Andrassy and Mansuli samples 122

5.18 Specific surface area of concentrated Andrassy and 
Mansuli samples 123

5.19 Suspension properties of concentrated Andrassy and
Mansuli samples 125

5.20 Properties of concentrated Andrassy and Mansuli
samples as oilwell cement additive 125



xvi

5.21 Semi-quantitative XRD analysis of beneficiated Andrassy
and Mansuli samples  136

5.22 Quantitative XRD analysis of beneficiated Andrassy and
Mansuli Samples 137

5.23 Specific gravity of beneficiated bentonite samples 140

5.24 The Atterberg limit of beneficiated bentonite samples 141

5.25 MC, MA and IL values of beneficiated Andrassy and
Mansuli samples 144

5.26 Chemical composition of beneficiated Andrassy and
Mansuli samples 145

5.27 CEC of beneficiated bentonite samples 146

5.28 Specific surface area of beneficiated Andrassy and  
Mansuli samples 147

5.29 Suspension properties of beneficiated Andrassy and
Mansuli samples 149

5.30 Properties of beneficiated Andrassy and Mansuli samples 
as oilwell cement additive 151

5.31 Comparison between the costs per well of reference  
bentonite and Andrassy sample 163



xvii

LIST OF FIGURES  

FIGURE NO.        TITLE             PAGE 

2.1 Definition of Bentonite         9 

2.2  Bentonite Nomenclature         9 

2.3  Sketch of octahedral unit (a) single octahedral  
unit and (b) sheet structure of the octahedr al units                15 

2.4                   Sketch of tetrahedron unit (a) single silica 
tetrahedron and (b) sheet structure of silica tetrahedrons  
arranged in hexagonal network                  15 

2.5  Layer structure of benton ite according to Hofmann,  
  Endell, Wilm, Marshall, Maegdefrau and Hendricks               16 

2.6  (a) Structure of a diffuse electrical double layer at
  the surface of bentonite part icle or silicate layer;  
  and (b) distribution of the concentration of cation (n +) and
  anions (n-) with distance from the surface for symmetrical  
  electrolyte with a bulk concentration of n o                18 

2.7 Variation of the electrical poten tial and cation co ncentration
  with distance from the surface                 20 

2.8             Association of bentonite particles                  22 

2.9  Three-layer expanding bentonite lattice                 24 

2.10  Plasticity Chart                   32 

2.11  Effect of temperature on e quilibrium conversion at certain 
pressure                     37

2.12                 Schematic model for mass transfer in solid liquid system               43 

2.13                 Cross section of sphere particle                 44 

2.14 Bentonite clay particles layers struct ure                 49 

4.1 A flowsheet of the study                  60 



xviii

4.2 Location of SA5 sampling in Andrassy ar ea of Tawau             63 

4.3 Location of M4 sampling in Mansuli area of Lahad Datu             64 

4.4 Wire cloth sieve schematic                 67 

4.5  Liquid limit apparatus 73

4.6  SEM & EDS Philip Series-40 instruments 77

4.7  Cyclone diagram 83

4.8  Fann VG Rheometer  87

4.9  Filter press equipment 87

5.1 Raw bentonite plasticity chart 95

5.2                   Image of reference bentonite with magnification of 1,000 X  104

5.3                   Image of reference bentonite with magnification of 8,000 X   104

5.4                   Image of raw Andrassy sample with magnification of 1,000 X   105

5.5                   Image of raw Andrassy sample with magnification of 8,000 X 105

5.6                   Image of raw Mansuli sample with magnification of 1,000 X 106

5.7                   Image of raw Mansuli sample with magnification of 8,000 X 106

5.8  XRD patterns of concentrated SA5-1 sample 113

5.9  XRD patterns of concentrated SA5-3 sample 114

5.10  XRD patterns of concentrated SA5-4 sample 114

5.11  XRD patterns of concentrated SA5-7 sample 115

5.12  XRD patterns of concentrated M4 sample 115

5.13  Dissolution iron after benefi ciation process with  1 kg/m 3

  of various organic acids 126

5.14                 Iron dissolution as  a function of oxalic ac id concentrations for 
raw Andrassy and Mansuli bentonite samples 127

5.15                 Dissolved iron at different concentration of oxalic acid 129

5.16                 Iron dissolution as  a function of time at different temperature  
                        for beneficiated SA5-1 sample 130

5.17                 Iron dissolution as  a function of time at different temperature  
                        for beneficiated SA5-3 sample 130

5.18                 Iron dissolution as  a function of time at different temperature  
                        for beneficiated SA5-4 sample 131

5.19                 Iron dissolution as  a function of time at different temperature  
                        for beneficiated SA5-7 sample 131



xix

5.20                 Iron dissolution as  a function of time at different temperature  
                        for beneficiated M-4 sample 132

5.21                 Iron dissolution as a function of pH for beneficiated SA5-1
                        sample 133

5.22                 Iron dissoluti on as a function of pH for beneficiated SA5-3 
                        sample 133

5.23                  Iron dissoluti on as a function of pH for beneficiated SA5-4 
                         sample   134

5.24                  Iron dissolution as a function of pH for beneficiated SA5-7
                         sample 134

5.25                  Iron dissoluti on as a function of pH for beneficiated M4
                         sample 135

5.26                  XRD patterns of beneficiated SA5-1 sample   137

5.27                  XRD patterns of beneficiated SA5-3 sample 137

5.28                  XRD patterns of beneficiated SA5-4 sample 138

5.29                  XRD patterns of beneficiated SA5-7sample 138

5.30                  XRD patterns of beneficiated M4 sample 139

5.31                  Beneficiated bentonite plasticity chart 143

5.32                  Viscometer 600 rpm dial reading of beneficiated bentonite
                          suspension with addition of Tannathin 152

5.33                  Viscometer 600 rpm dial reading of beneficiated bentonite
                          suspension with addition of CMC 152

5.34  YP/PV ratio of beneficiated bentonite suspension with  
                          addition of Tannathin 155

5.35                  YP/PV ratio of beneficiated bentonite suspension with
                          addition of CMC 156

5.36                   Filtration lo ss of beneficiated bentonite suspension with  
                          addition of Tannathin 158

5.37                   Filtration lo ss of beneficiated bentonite suspension with  
                          addition of CMC 158



xx

`

LIST OF SYMBOLS 

A  Interfacial surface area of particle (m2)

AAS  Atomic Absorption Spectrophotometry 

Amb  Area covered by 1 methylene blue molecule (130 Å) 

Av  Avogadro number (6.02 x 1023/mol) 

A, b  Constant 

C  Concentration  (mol l –1)

C  Weight of cup (g) 

c  Cohesive energy density (kg/m3)

D  Diffusivity in liquid (cm-2 s-1)

D  Weight of dish (g) 

De  Effective diffusivity in solid 

Dt  Average diameter of flask (mm) 

d  Particle diameter (Å) 

E  Activation energy (kg m2/sec2)

EDS  Energy Dispersive Spectroscopy (2 )

EDX  Energy Dispersive X-ray (2 )

H  Heat of vaporization (KJ/hour) 

H  Enthalpy (KJ) 

IL  Ignition Loss (%) 

G  Standard Gibbs energy (KJ/mole) 

K  Equilibrium constant 

K  Factor obtaining liquid limit from water content 

k  Overall mass transfer coefficient 

k  Reaction rate constant (mol m-3 min-1)



xxi

kL  Convective mass transfer coefficient 

k1  Forward reaction rate constant 

k2  Backward reaction rate constant 

k-1  Thickness of double layer 

L  Organic ligand 

LL  Liquid Limit (%) 

M  Flow rate of total solution mixture (ml/s2)

MA  Moisture adsorption (%) 

MC  Moisture content (%) 

N  Mass of inert solid in underflow/mass of solution retained by inert 

solid

N Number of Blows

n Order of reaction 

no  Bulk concentration 

n+  Concentration of cation 

n-  Concentration of anion 

PI  Plasticity Index (%) 

PL  Plastic Limit (%) 

PV  Plastic Viscosity (cp) 

R  Ideal gas constant (0.082 atm.L/mol.K) 

R  Radius of particle (Å) 

Re  Reynold number (8,314 J/mol.K) 

-rA Chemical reaction rate 

SEM  Scanning Electron Microscope 

Ss  Specific surface area (m2/g)

S Entropy (J/K) 

Sc  Schmidt number 

SGb  Specific Gravity of bentonite 

Sh  Sherwwod number 

T  Heat transfer (J) 

T  Temperature ( C or K) 



xxii

t time (s) 

Vc Volume filtrate collected between 7.5 and 30 minutes (ml) 

Vb Volume bentonite, (ml) 

VF Volume fraction

Vm Volume of methylene blue solution (ml) 

Vpycno Volume pycnometer (ml) 

V’t Remaining toluene volume, (ml) 

Wo  Weight of picnometer (g) 

Wa  Weight of toluene + Wo (g) 

Wb  Weight of picnometer + bentonite (g) 

Wc  Weight of picnometer + toluene + bentonite (g) 
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  Density of liquid (g/cm3)
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toluene Density of toluene (g/cm3)
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CHAPTER 1 

INTRODUCTION

1.1 Introduction 

Bentonite is a member of general clay mineral groups and consists of smectite 

clay and impurities such as gravel, shale, limestone, quartz and other minor minerals 

(Konta,1995).  Bentonite deposits are distributed only in Tertiary formations, 

especially in The Green Tuff Regions of Miocene age (Sudo and Shimoda, 1978), 

which formed by devitrification and the accompanying chemical alteration of a glassy 

igneous material, usually a tuff or volcanic ash and it often contains various 

proportions of accessory crystal grains that were originally phenocrysts in the volcanic 

glass (Konta, 1995).  These are feldspar (commonly orthoclase and oligoclase), biotite, 

quartz, pyroxene, zircon and various typical of volcanic rocks.  Bentonite crystals have 

flat thin sheet morphology.  The shape of bentonite can be up to 1,000 nm in the 

largest dimension.  However, a side view of the crystal reveals a uniform size of 0.92 

nm thicknesses.  The result of this morphology is an extremely large surface area of 

about 800 m2/g (Luckham and Rossi, 1999).  It has found application in various 

industries, such as drilling mud material, cement additives, ceramic material, foundry 

molding and etc.  The type of bentonite that has been important in an oil and gas 

industry is sodium bentonite, because of its plasticity.  The effect of the bentonite is to 

slow the progress of water through the soil or rocks.  When bentonite mixed with 

water, it will swell till 40 Å.  This property holds a role in a drilling mud, such as; 
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lifting cuttings and preventing hole problem.  The drilling mud must have sufficient 

density and gel strength to maintain such weighting material in suspension. 

With the bentonite, the cement system can successfully placed between the 

casing and formation, rapid compressive strength development, and adequate zonal 

isolation during the lifetime of the well.  The important considerations in the use of 

bentonite are the properties that good bentonite gives a lightweight cementing system, 

minimum free water, good fluid loss control, good rheological properties and adequate 

compressive strength.  

In order to reduce the overall cost of bentonite used in the local oil and gas 

industry, the feasibility study of local bentonite application had been initiated, 

especially for the area of Andrassy and Mansuli, Sabah Malaysia.  Prior to their usage 

of Andrassy and Mansuli bentonite, physical and chemical properties and their 

performance as compared with the commercial bentonite must be determined.  If their 

performance is not as good of commercial bentonite, treatment method should be 

applied to clean the bentonite mineral from impurities.  

The treatment process has a great effect on the swelling capacity of the 

bentonite mineral and by far the best performance is obtained with sodium-based 

bentonite mineral, which has sodium as counter ions.  If the bentonite mineral contains 

counter ions other than sodium, the swelling properties, viscosity build-up and filter 

cake permeability will be adversely affected. 

 From laboratory investigations, it shown that Andrassy and Mansuli samples 

have less content of montmorillonite mineral and more impurities material such as 

quartz, kaolinite, illite, muscovite and hematite and low value of Cation Exchange 

Capacity (CEC), while the commercial bentonite has more montmorillonite mineral 

and less impurities materials.  In addition the Andrassy and Mansuli samples have low 

degree of swelling, therefore further study is needed to improved the quality of 

Andrassy and Mansuli samples (Ariffin Samsuri, et al, 2001).
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 In this study, preliminary test of raw Andrassy and Mansuli samples such as 

mineralogy composition, physical and chemical properties, chemical composition and 

performance test as drilling mud material and oilwell cement additive had been 

determined.  It is also necessary to understand the nature of environment and the 

transportation process of impurities in the bentonite by mean of an extraction test.  

Design and development of mineralogy, physical and chemical laboratories testing are 

essential to assess the potential application before suggestion can be made.  

Subsequently, test was run for the beneficiated Andrassy and Mansuli samples in such 

application as drilling fluids, and cement slurry.  The performance of beneficiated 

Andrassy and Mansuli samples were compared with performance of the commercial 

(Wyoming) bentonite as a commercial sample.  

1.2 Study Area 

 The studied areas are located in Tawau and Lahad Datu district of Sabah, 

Malaysia.  Two groups of local bentonite samples were collected, namely Andrassy 

(SA5) which is located at the longitude of N 4018.97’ and latitude E 117057.37’ in 

Tawau district and Mansuli (M4) which is situated at the longitude N507.35’and

latitude E1180 12.03’ in Lahad Datu district.  The sample was collected exactly at 0.5 

m depths for SA5 (Andrassy) and M4 (Mansuli) at 0.3 m depths.  The field sampling 

from Mansuli area were taken mainly in area underlain by the Ayer Formation, which 

collectively form the Segama Group and is interpreted to be Miocene in age 

(Khairuddin & Radzuan, 1992).  The Ayer Formation has two distinction lithofacies; 

the bedded tuffaceous facies comprising bedded tuff, tuffite, tuffaceous sediment, and 

volcanic breccias and the polymict boulder-bed facies comprising slump brecia.  An 

additional lithofacies is the calcareous facies comparising the Tempadong Limestone 

Member, which is occurred as massive lenses within the bedded tuffaceous facies 
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(Godwin and Yan, 1994).  The Andrassy area is underlain mainly by the high level of 

alluvium and volcanic rock, and occurs in a bed underlying by Pleistocene to Holocene 

in age (Yusairi & Yan, 1995).

1.3 Problem Statement 

In the local oil and gas industry, bentonite is used as a drilling mud material 

and in an oilwell cement additive.  In Malaysia, bentonite is mainly imported from 

abroad, such as Wyoming from United States, and some other sodium based bentonite 

from India, Indonesia and Thailand.  In order to reduce the dependency of the imported 

bentonite, the development and production of the local bentonite are sought to be 

initiated due to long way of transportation and storage. 

In addition, the quality assurance of the imported bentonite has been a major 

problem which cause some problems to the local drilling contractors. Sometimes, the 

imported bentonite failed to provide the required viscosity and fluid loss control to the 

drilling mud system and this may cause drilling operation to be interrupted.  So, with 

the production of local bentonite, the quality can be easily maintained and the supply 

of bentonite also can be assured.  In this study, the beneficiation by leaching and 

gravitational processing had been selected to upgrade the Andrassy and Mansuli 

samples due to less time need for the process.  

 Based on forecasting of 50 development and 10 exploration wells will be 

drilled per year, the requirement for bentonite as an additive is about 16000 tones 

metric yearly, with the cost of more than RM 15 million per year (Sarimah et al.,

2000). With no doubt the production of local bentonite will generate an alternate 

income, which can increase the gross domestic product (GDP) of Malaysia. 
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1.4 Objective

The objective of this study is to characterize the raw bentonite, develop 

beneficiation technique and evaluate its efficiency and evaluate economic significant 

of the technique in order to produce good quality of the Andrassy and Mansuli 

bentonite so that it can be beneficiated as a drilling mud material and additive in 

oilwell cement industry. 

1.5 Scope of Study 

1. Five sources of samples had been used in this study, four samples namely SA5-

1, SA5-3, SA5-4 and SA5-7 from Andrassy of Tawau area and the other 

sample namely M4 from Mansuli of Lahad Datu Sabah. 

2. Prior to the beneficiation process, the pre-beneficiation of iron and quartz were 

performed. This is important because the iron and quartz contents of Mansuli 

and Andrassy samples are higher than the commercial bentonite. 

3. After pre-beneficiation, beneficiation process was developed to remove 

impurities so that Andrassy and Mansuli samples have less impurity and then 

activated with polymer extender variety in order to improve the bentonite 

viscosity.

4. After beneficiation process, the beneficiated samples were subjected to a series 

of testing based on American Petroleum Institute (API) RP 13A specification 

as drilling mud material and API 10A for an oilwell cement additive. 

5. Comparisons were carried out between the performance of beneficiated 

Andrassy and Mansuli samples, and commercial bentonite. 
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6. Economic analysis were carried out to look at promising economic potential of 

the Sabah bentonite. 

1.6 Thesis Organization 

 This thesis consists of six chapters, and the contents of each chapter is 

explained as follows: 

CHAPTER 1: This introductory chapter presents the significance of this study, study 

area, problem statement, objective and scope of study. 

CHAPTER 2: Presents theoretical study of beneficiation process and description of the 

mineralogy, physical and chemical test, including general test procedures of Specific 

Surface Area (SSA), XRD, and Atomic Absorption Spectroscopy (AAS) studies. 

CHAPTER 3: This chapter reviews details of the bentonite mineral performance and 

API testing as a drilling mud material and an oilwell cement additive 

CHAPTER 4: This chapter describes the beneficiation process methodology and the 

test procedures.  The effect of each extractant solvent will be discussed and assessed in 

detail.  The result gained will view the potential of Andrassy and Mansuli bentonite 

usage in petroleum industry.  

CHAPTER 5: This chapter will evaluate the effect of organic acid parameter to the 

samples.  The properties of raw samples will give an overview of early assessment. 

The designed procedures will suggest the optimum beneficiation process for 

application in drilling mud operation and cement additive technology. 
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CHAPTER 6: This chapter summarizes the main conclusions of the study and the 

recommendations for future research. 




