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Titania or TiO2-bentonite nanocomposite was synthesised by environmental friendly and cost effective 

hydrothermal method. Synthesised nanocomposite was successfully characterised by Scanning Electron 

Microscope (SEM) and X-ray Diffraction (XRD). The target of the study was to enhance the rheological 

behaviour of the water-based drilling fluid (WBDF) by using synthesised nanocomposite. The experimental 

results revealed that Titania-bentonite nanocomposite exhibited better rheological characteristics than 

conventional WBDF. Rheological properties in particular yield point (YP) and 10-min gel strength (10-min GS) 

were improved by 57 % and 40 % compared to basic drilling fluid after addition of 1.0 g of the synthesised 

nanocomposite at 65.56 °C. API filtrate loss volume and High Pressure High Temperature (HPHT) filtrate loss 

volume were slightly reduced by 10 %, and 9.2 %. These scientific results can be used to formulate enhanced 

WBDF at elevated temperatures. 

1. Introduction

Gulf of Mexico to Southeast Asia, petroleum and natural gas engineers are exploring deeper, extreme 

temperatures and pressures, pushing the drilling technologies to the wall than ever before. Conventional drilling 

fluids additives destabilised the rheological properties at elevated temperature conditions. 

Polymers were routinely used in drilling fluids and considered to be good heat insulator. It could not heat transfer 

through drilling fluid system and deteriorated at high temperature (Mao et al., 2015). Oil-based drilling fluid 

(OBDF) was commonly used to drill HPHT wells. OBDF raised environmental problems and it was restricted in 

environmental alerted areas (Young and Rabke, 2006). OBDF formulated for shale drilling mainly contained 

quaternary ammonium salts which destabilise at high temperature (Silva et al., 2014). Various researchers 

focused on the use of nanoscale additive, in particular the multi-walled carbon nanotube (Aftab et al., 2016a), 

nanosilica (Pham and Nguyen, 2014), ZnO (William et al., 2014), and GO (Kosynkin et al., 2011), to improve 

the rheological behaviour of drilling fluids. Nanosilica has been successfully used for shale inhibition due to their 

better physical plugging and hydrophobic nature (Cai et al., 2012). Single sphere nanoparticles based drilling 

fluids have some limitations. Due to the very tiny size of nanoparticles, it raised van der Waals’ forces and 

developed the problems of sedimentation. It cannot homogeneously disperse in the drilling fluids and minimised 

drilling fluids efficiency. Mao et al. (2015) made efforts to synthesise polymer based nanosilica composite, it was 

found that rheological and shale inhibition characteristics of WBDF were enhanced. 
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Aftab et al.(2016b) synthesised ZnO nanoparticles-acrylamide composite and examined that AV, 10-s GS, API 

filtrate loss volume and lubricity were improved with the addition of synthesised composite. Abdo et al.(2014) 

synthesised ZnO-clay nanocomposite and added in WBDF, it was measured that the rheological properties of 

drilling fluids were stable at high temperature conditions. The development of drilling fluids with enhanced 

rheological and shale inhibition behaviour at high temperature is still a big challenge. Green behaviour of TiO2 

nanoparticles has attracted a lot of research interest. It has better electronics properties, chemical stability, and 

low costs. However, it raised agglomeration which may form large particles (Cao et al., 2016). It may lower down 

the dispersion, reduce viscosity and thermal transition characteristics of the fluids. Researcher modified TiO2 

nanoparticles to enhance its chemical stability and heat transfer qualities. TiO2 nanoparticles are deposited over 

bentonite clay to prevent the nanoparticles agglomeration. In result, it may improve the chemical and thermal 

behaviour of the nanoparticles (Yang et al., 2008). Bentonite is composed of the smectite mineral. It is 

economical and widely available. It is chemically and physically modified. Bentonite is commonly used in drilling 

fluids. The function of bentonite is to provide better rheological behaviour in particular increase viscosity and 

cool the drilling bit (Grolms, 2015). It was the reason TiO2 nanoparticles were deposited over bentonite. 

In the present study, TiO2-bentonite nanocomposite was developed. Structural and morphological 

characterisation of the synthesised nanocomposite were carried out by using conventional characterisation 

techniques such as XRD and SEM. Rheological properties were determined at elevated temperature to evaluate 

the potential of the synthesised nanocomposite as a WBDF additive. As per our knowledge no study has been 

reported so far over the use of TiO2-bentonite nanocomposite as a drilling fluid additive. 

2. Materials and methods 

2.1 Material 

Fluorine doped tin oxide (FTO) substrate, titanium tetraisopropoxide (TTIP), 37 % HCl were purchased from 

Sigma Aldrich for synthesis of TiO2 nanoparticles. Bentonite drilling fluid additive provided by Scomi Oiltools for 

the synthesis of TiO2-bentonite nanocomposite. KCl, NaOH, flowzan, filtrate reducer, and barite were provided 

by Somi Oiltools and used for the preparation of basic and the synthesised nanocomposite based drilling fluids. 

2.2 Synthesis of TiO2-bentonite nanocomposite 

In this typical process, 1.5 mL of TTIP, 23 mL of 37 % HCl and 40 mL of deionised water were mixed and stirred 

for 35 min. Then solution was transferred in to Teflon vessel of 125 mL and sealed in autoclave and placed in 

preheated oven at 120 °C for 11 to 12 h. Then, synthesised TiO2 nanoparticles were filtered and dried in 

preheated oven 50 °C for 20 min. Synthesised TiO2 nanoparticles and bentonite were used for the synthesis of 

the TiO2-bentonite nanocomposite. 1 g of synthesised TiO2, 1 g of bentonite, and 40 mL of deionised water were 

mixed at constant stirring for 30 min. The solution was transferred in 100 mL reagent bottle and capped. The 

reagent bottle placed in the hot tub and sonicated for 1.5 to 2 h at 70 °C. Later, synthesised TiO2-bentonite 

nanocomposite was filtered and dried at 70 °C for 20 min. 

2.3 Development of basic drilling fluid and synthesised nanocomposite drilling fluids 

25 g of KCl was added in 260 mL of fresh water and mixed by using IKA Rw 20 N mixer for 5 min. 0.13 g of 

NaOH was added in to the solution and mixed for 3 min. Then, 1 g of flowzan was added into the solution and 

mixed for 4.0 min. 1.5 g of the filtrate reducer was added into the solution and mixed for the period of 5 min. 

Later, 190 g of barite was added in to the solution and mixed for the 30 min as provided in Table 1. In the last, 

1 : 1 of synthesised nanocomposite was put into 50 mL regent bottle containing 30 mL of fresh water at the 

different concentrations and sonicated for another 25 min. 

Table 1: Formulation of basic and synthesised composite drilling fluids 

Materials Basic drilling 

fluid 

0.2 g 0.4 g 0.6 g 0.8 g 1.0 g Mixing 

time 

Fresh water, mL 

KCl, g 

NaOH, g 

Flowzan, g 

PC, g 

Barite, g 

290 

25 

0.13 

1.0 

1.5 

190 

290 

25 

0.13 

1.0 

1.5 

190 

290 

25 

0.13 

1.0 

1.5 

190 

290 

25 

0.13 

1.0 

1.5 

190 

290 

25 

0.13 

1.0 

1.5 

190 

290 

25 

0.13 

1.0 

1.5 

190 

- 

5 

3 

6 

5 

30 

Synthesised nanocomposite, g 0 0.2 0.4 0.6 0.8 1.0 20 
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2.4 Rheological properties 

Rheological properties examined the behaviour of drilling fluids at static and dynamic conditions. PV (plastic 

viscosity), and YP (yield point) were determined by using Fann viscometer. The viscometer determined the 

shear rates of drilling fluids at different dial reading of 600, 300, 200, 100, 6, 3 revolutions per min (RPM). PV 

identified the initial resistant to the fluid flow. YP indicated the ability of drilling fluids to remove drill cuttings from 

sub surface to surface. 10-sec and 10-min GS (gel strength) determined the ability of drilling fluid to suspend 

drilled cuttings.  

3. Results and discussion 

3.1 Structural characterisation of TiO2bentonite nanocomposite 

XRD determined the major, minor and traces of the compound in the material. TiO2-bentonite nanocomposite 

was dried at atmospheric temperature before sent for the XRD. It was conducted by using Rigaku smart lab x-

ray diffractometer R&D 100. Figure 1(a) shows the diffraction pattern of TiO2 nanoparticles and bentonite 

synthesised composite material. SEM was conducted to determine morphology of the synthesised 

nanocomposite in particular deposition of TiO2nanoparticles over bentonite clay. Synthesised nanocomposite 

was dried at atmospheric temperature and coated with platinum coater for 10 - 15 min before SEM.TiO2 

nanoparticles were incorporated within the bentonite (Figure 1(a)) matrix resulting TiO2-Bentonite composite 

(Figure 1(b)). Bentonite is naturally dynamic colloids, due to their result of shape and halfway owing to their 

subatomic structure which brings about high negative charges on basal surfaces and positive charges on edges 

of clay (Darley and Gray, 1988). Thus, deposition of TiO2 nanoparticles may result from attraction between 

negative sites of the TiO2 nanoparticles and positive site on the edge of clay platelets. 

 

 

Figure 1: Characterisation: (a) XRD of TiO2-bentonite nanocomposite (b) SEM of bentonite (c) SEM of TiO2-

bentonite nanocomposite 

3.2 Effect of synthesised nanocomposite on rheological properties of WBDF at 26.67 °C and 65.56 °C 

Rheological behaviour of WBDF system was improved with the increase in the concentration of the synthesised 

composite. PV, YP, 10-sec GS and 10-min GS were increased with the increase in the concentration of the 

synthesised composite. PV was enhanced with the addition of synthesised nanocomposite. PV of basic drilling 

fluids was found within acceptable range (20 to 29 mPa.s) at both ambient and 65.56 °C. PV had a little 

increased from 26 to 28 mPa.s at 65.56 °C conditions after addition of synthesised composite as provided in 

Figure 2(a). Bentonite contains montmorillonite clay which expands 10 time to its volume, resulting better 
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viscosity and thixotropic properties to the drilling fluids (Peng et al., 2013). TiO2 nanoparticles increased the 

viscosity of the system at elevated temperature due to their nano size and better heat transfer characteristics 

(Turgut et al., 2009). YP was increased with the addition of synthesised nanocomposite at 65.56 °C conditions. 

YP of basic drilling fluid was found within acceptable range (13 to 21 Pa) at 26.67 °C conditions. Basic drilling 

fluid displayed decrease in YP with increase in the temperature.  

 

 

Figure 2: Effect of synthesised composite over (a) PV, (b) YP, (c) 10-s GS, and (d) 10-min GS 

YP of basic WBDF was reduced from 14 to 6 Pa at 65.56 °C. It was improved from 6 to 12 Pa with the addition 

of 1 g of synthesised nanocomposite at 65.56 °C Figure 2 (b). This progress can be attributed to bentonite and 

TiO2 nanoparticles. Higher concentrations of synthesised material yielded mild degree of attraction between 

clay-clay platelets and clay platelets-TiO2 nanoparticles, resulting better YP and GS. Synthesised material 

contained bentonite material. YP displayed significant results compared to PV. Hiller (1963) demonstrated that 

drilling fluids showed decrease in both PV and YP when fully deflocculated, increase in YP and decrease in PV 

when flocculated at 176.67 °C. 10-s and 10-min GS were improved with the addition of synthesised 

nanocomposite. 10-s GS of basic drilling fluid was found at 2.8 Pa at 65.56 °C. Basic drilling fluid showed 10-s 

GS was below the acceptable range (3 to 5 Pa) at 65.56 °C BHFT. It was improved from 2.8 to 5.2 Pa at 65.56 

°C with the addition of 1.0 g of the synthesised nanocomposite as shown in Figure 2(c). 10-min GS of basic 

drilling fluid was found at 4.0 Pa.s at 65.56 °C. It was below the acceptable range. 10-min was raised to 5.7 Pa 

within acceptable range at 1 g of the synthesised nanocomposite as provided in Figure 2(d).  

3.3 Effect of the synthesised nanocomposite over API and HPHT filtrate loss volume 

API and HPHT filtrate loss volume were reduced with the addition of synthesised nanocomposite. API filtrate 

volume loss of basic drilling fluid was found to be 5.6 mL. It was above acceptable range. Acceptable range of 

API filtrate loss volume is < 5 mL. Figure 3(a) shows that API filtrate loss volume was reduced from 5.6 to 5 mL 

after adding 1 g of the synthesised nanocomposite. 

(b) 
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Figure 3: Effect of synthesised nanocomposite over (a) API filtrate loss volume (b) HPHT filtrate loss volume 

The reduction in the API filtrate loss volume was due to the increase in the viscosity of drilling fluid system 

resulting viscous filtrate and formation of impermeable thin filter cake containing synthesised nanoparticles. 

HPHT filtrate loss volume was decreased with the addition of synthesised nanocomposite. Despite the fact that 

filtrate reducer was used, HPHT filtrate loss volume of basic drilling fluid was found to be 13.5 mL. According to 

Simpson (1974) observation, increase in temperature can increase the  filtrate volume in many ways, for 

instance, it decreases filtrate viscosity, and thus filtrate volume increases. Conventional drilling fluid additives 

degrade with time at elevated temperature. HPHT filtrate loss volume was reduced from 13.5 to 11.8 mL with 1 

g of synthesised nanocomposite as illustrated in Figure 3(b). It may be possible that the synthesised composite 

improved the viscosity of filtrate and heat transfer behaviour of the drilling fluid system. 

4. Conclusion 

TiO2-bentonite nanocomposite was synthesised and analysed with conventional characterisation techniques. It 

is observed that synthesised composite improved the performance of WBDF with its increasing concentration. 

Rheological properties of drilling fluid such as YP, 10-s GS, 10-min GS improved with the addition of synthesised 

nanocomposite. API and HPHT filtrate loss volume reduced with the addition of the synthesised nanocomposite. 

The next phase of the study will be to examine the behaviour of the synthesised TiO2-bentonite nanocomposite 

WBDF at high temperature. 

Acknowledgments 

The authors wish to thank the Ministry of Higher Education, Malaysia and Universiti Teknologi Malaysia for 

funding this project under Fundamental Research Grant Scheme (vote R.J130000.7842.4F437). We are also 

grateful to Mehran UET SZAB, Khairpur Mir's campus, Sindh Pakistan for providing opportunity and funding to 

explore new area of research in the field of petroleum engineering. Special thanks to Ghulam Sarwar Kandhir, 

Asadullah Memon for cooperation and Hasanah Hussain who helped in experimental works. 

References  

Abdo J., Zaier R., Hassan E., AL-Sharji H., Al-Shabibi, A., 2014, ZnO–Clay Nanocomposites for Enhance Drilling 

at HTHP Conditions, Surface and Interface Analysis 46 (10-11), 970-974. 

Aftab A., Ismail A.R., Ibupoto Z.H.,2016a, Enhancing the rheological properties and shale inhibition behavior of 

water-based mud using nanosilica, multi-walled carbon nanotube, and graphene nanoplatelet,Egyptian 

Journal of Petroleum, DOI:10.1016/j.ejpe.2016.05.004 

Aftab A., Ismail A.R., Khokhar S., Ibupoto Z.H., 2016b, Novel zinc oxide nanoparticles deposited acrylamide 

composite used for enhancing the performance of water-based drilling fluids at elevated temperature 

conditions, Journal of Petroleum Science and Engineering 146, 1142-1157. 

Cai J., Chenevert M.E., Sharma M.M., Friedheim J.E.,2012, Decreasing Water Invasion into Atoka Shale Using 

Nonmodified Silica Nanoparticles ,SPE Drilling and Completion 27 (01),103-112. 

Cao X., Liu C., Hu Y., Yang W., Chen J., 2016, Synthesis of N/Fe Comodified TiO2 Loaded on Bentonite for 

Enhanced Photocatalytic Activity under UV-Vis Light, Journal of Nanomaterials 2016, 

DOI:10.1155/2016/8182190 

953



Darley H.C., Gray G.R., 1988, Composition and properties of drilling and completion fluids, Gulf Professional 

Publishing, United States. 

Grolms M., 2015, Bentonite in drilling fluids <www.materialsviews.com/bentonite-drilling-mud> accessed 

03.04.2016 

Hiller K., 1963, Rheological measurements on clay suspensions and drilling fluids at high temperatures and 

pressures, Journal of Petroleum Technology 15 (7), 779-788. 

Kosynkin D.V., Ceriotti G., Wilson K.C., Lomeda J.R., Scorsone J.T., Patel A.D., Friedheim J.E., Tour J.M., 

2011, Graphene Oxide as a High-Performance Fluid-Loss-Control Additive in Water-Based Drilling Fluids, 

ACS applied materials and interfaces 4 (1), 222-227. 

Mao H., Qiu Z., Shen Z., Huang W., 2015,Hydrophobic associated polymer based silica nanoparticles composite 

with core–shell structure as a filtrate reducer for drilling fluid at utra-high temperature, Journal of Petroleum 

Science and Engineering 129, 1-14. 

Peng B., Luo P.Y., Guo W.Y., Yuan Q.,2013,Structure–property relationship of polyetheramines as clay‐swelling 

inhibitors in water‐based drilling fluids, Journal of Applied Polymer Science 129 (3), 1074-1079. 

Pham H., Nguyen Q.P., 2014, Effect of silica nanoparticles on clay swelling and aqueous stability of nanoparticle 

dispersions, Journal of Nanoparticle Research 16 (1), 1-11. 

Silva I.A., Sousa F.K.A., MenezesR.R., Neves G.A., Santana L.N.L., Ferreira H.C., 2014, Modification of 

bentonites with non-ionic surfactants for use in organic-based drilling fluids, Applied Clay Science 95, 371-

377. 

Simpson J.P., 1974,Drilling Fluid Filtration Under Stimulated Downhole Conditions, SPE Symposium on 

Formation Damage Control, 30 January-2 February, New Orleans, Louisiana, DOI: 10.2118/4779-MS 

Turgut A., Tavman I., Chirtoc M., Schuchmann H., Sauter C.,TavmanS.,2009, Thermal conductivity and 

viscosity measurements of water-based TiO2 nanofluids, International Journal of Thermophysics 30 (4), 

1213-1226. 

William J.K.M., Ponmani S., Samuel R., Nagarajan R., Sangwai J.S., 2014, Effect of CuO and ZnO nanofluids 

in xanthan gum on thermal, electrical and high pressure rheology of water-based drilling fluids, Journal of 

Petroleum Science and Engineering 117, 15-27. 

YangX., Zhu H., Liu J., Gao X., Martens W.N., Frost R. L., Shen Y., Yuan Z., 2008, A mesoporous structure for 

efficient photocatalysts: Anatase nanocrystals attached to leached clay layers, Microporous and 

Mesoporous Materials 112 (1), 32-44. 

Young S., Rabke S., 2006, Novel fluid design can eliminate OBM cuttings waste, SPE Europec/EAGE Annual 

Conference and Exhibition, Vienna, Austria, DOI: 10.2118/100292-MS  

954




