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Abstract. This study was aimed to investigate the rheological properties and the possibility of Nano 

(Na, Ca )- bentonites Nano products to meet the required drilling mud properties. Sepiolite (Sp) and 

the mixture of 2% Nano NaB with 1%  Sp were collected and prepared from Iran’s oil Company 

(NIOC). The Nano clay performance evaluation involved the experimental tests of the rheological 

properties, filtration and gel strength. According to the results obtained from flow properties tests 

for the mixture, it was indicated that the mixture was not adequate to be a suitable drilling fluid. The 

main objective was to make stable dispersions with Nano NaB and sepiolite by using a water 

soluble polymer as stabilizer. The changes in the rheological properties of bentonite were 

investigated at various concentrations of polyvinyl alcohol (PVA) to discover the stability of the 

dispersions. The standard API tests were applied for drilling fluid to determine the properties of 

dispersions.  

Introduction 

Drilling fluids are primary water–bentonite suspensions, they are important for the oil, gas and 

geothermal drilling industry because they perform many functions like transporting rock cuttings to 

surface, lubricating the drill bit applying hydrostatic pressure in the well bore to ensure well safety 

and minimizing fluid loss across permeable formations by forming a filter cake on the wells of the 

well bore [1]. The recent introduction of nanoclays as fillers or additives in polymers for various 

desired effects is a subject of an increased interest for research and development to establish various 

applications [2]. Bentonites are used worldwide as drilling fluid additives. Their main functions are 

the viscosities of the mud in order to reduce the fluid loss to the formation. The major viscosity -

building agents in drilling mud are clays( mainly bentonite), organic polymers and oil wetting clays 

in oil mud [1,3]. As a good quality, bentonite should contain mainly montmorillonite, because 

montmorillonitic clays have the highest swelling capacity. By far, the best performance is obtained 

with sodium montmorillonite [1]. Nanotechnology is an important pathway for saving the energy 

due to the same affect it has when we use the small amount as well as in bulk. The nano-

montmorillonite, which has characteristics of high aspect ratio and interaction between polymer 

chains and dispersed Nano layers, has been widely used in the development of new reinforced Nano 

composite polymers to improve themechanical properties [4]. Bentonite has adequate rheological 

and adsorption properties to be made as a drilling fluid except at high temperatures due to the 

increasing of flocculation. Mixing of bentonite and sepiolite causes losing of the rheological 

properties for both dispersions but with Nano NaB it improves, the rheological behavior of most  

drilling fluids is non-Newtonian ]5-7]. Therefore, these materials do not show constant viscosity 

and there is a non-linear relationship between shear stress and shear rate. In this study the 

rheological properties of bentonite, Sepiolite, Nano NaB and the mixture of those were determined.  

 Mostly, low molecular weight copolymers are used to stabilize PVA in a linear, water soluble, 

cheap and easy accessible polymer. Besides, it is odorless, nontoxic and has high tensile strength 

and flexibility, also fully degradable. Therefore, PVA is compatible with the natural environment. 
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The effects of PVA on the bentonite and Sepiolite and Nano NaB dispersions were investigated to 

find out the suitable concentration range to make a stable mixture of bentonite and Sepiolite [5]. 

Nanoscale materials with particle sizes in the field of quantum are effects of atoms and molecules 

and bulk properties.  

Another feature of the Iran fields is the high-permeability fractured reservoirs which makes it very 

difficult to drill and cause loss of capital and irreparable damage to hydrocarbon reservoirs. So the 

goal of reducing control loss properties and other characteristics is essential. Reduce loss of drilling 

mud used to improve the rheological properties of nano-composites and nano drilling fluid layer 

with a polymer-based nanocomposites - Nanoclay particles are allowed. In this study, the 

rheological properties of bentonite, Sepiolite, Nano NaB and the mixture of them were determined. 

The effects of PVA on the bentonite and Sepiolite and Nano NaB dispersions were investigated to 

find out the suitable concentration range to make a stable mixture of base mud [5]. 

Experimental work 

Materials and methods. Nano NaB (montmorionit)  and bentonite were supplied from Iranian oil 

Company (NIOC),The Sepiolite sample was obtained from dorkav company in Iran , X-ray 

diffraction (Philips PW 1040 model), Infrared (IR) (Jasco Model 5300 FT/IR spectrophotometer) 

and Differential Thermal Analysis (DTA) (Rigaku)techniques were used to determine the clay 

mineral types. The sample had the chemical composition (wt.%) SiO2 50.95, Al2O3 19.60, Fe2O3 

5.62, CaO 1.97, CaO 1.97, Na2O 3.36, MgO 3.29, K2O 0.86 and Ti02 0.62,LOI 15.45. 

Clay samples have been identified as sepiolite (Sp) by X-ray diffraction. The chemical composition 

of the sample was determined by atomic adsorption spectroscopy and the silica content was 

determined gravimetrically.  

Polyvinyl alcohol (Sigma, Germany) is a mixture of synthetic polymers produced by the 

polymerization of vinyl acetate and partial hydrolysis of the resulting polymer's acetate groups [–

(CH2CHOH)n– (CHOCOCH3)m–]. Chemical and physical properties of commercial polyvinyl 

alcohol (PVA) varied depending on its degree of polymerization and degree of hydrolysis. The 

molecular weight was between 85000-146000. 

Preparation of clay dispersions. Bentonite was dispersed in distillated water with ultrasonic bath 

and then was shaken overnight. Sepiolite is also dispersed in the same way with bentonite, but after 

ultrasonic bath, was shaken for 3 hours, and then put in ultrasonic bath for 1 hours for 8 min to 

break the long fibers of the sepiolite. Nano NaB was dispersed in water but instead of ultrasonic 

bath was shaken over two nights, the mixture of the bentonite and sepiolite were prepared as 2% of 

bentonite (1.96%bentonite and 0.04% Nano NaB) and 1% of sepiolite and it is labeled as NaB–Sp–

NanoB. 

Preparation of clay-PVA dispersions. The clay dispersions (NaB–Sp–nanoB) were mixed with 

0.03 to 3 %wt  PVA. Then, the dispersions ultrasonicated for 5 min. 

Preparation of the drilling fluid with NaB–Sp–nanoB –PVA. According to API standards, the 

drilling fluid (350 ml) contained 3.5 g Sp, 7g (NaB –nanoB) and 5.25 g PVA was mixed with a 

mechanical mixer. Before mixing, Sepiolite ,nanoB , and bentonite they were dispersed in 

appropriate amounts of water. 

Methods.    olo i al prop r i s s    as  is osi y  s  ar ra        and s  ar s r ss  τ  of disp rsions 

and Gel strength, time steady, flow curve were measured using a rotating coaxial cylinder MCR300 

rheometer, and filtration loss measured with filter press.  
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Results and discussion 

In this research rheological data of bentonite-based drilling mud, such as shear stress and shear rate 

were measured by rheometer MCR 300. The experimental data suggests that in the PVA polymer 

significantly increased shear stress compared to the water-based mud. This behavior improvement 

is due to the interaction between the polymer and Nano NaB. According to the rheological behavior 

of drilling mud, stability of drilling mud was examined. For the stability of drilling mud 

formulations and interaction between sepiolite, Bentonite, Nano Bentonite and polymeric, they were 

evaluated. This is achieved by increasing the percentage of polymer. Formulations containing 3% 

wt suspension had the most consistency. The cause of this phenomenon can be attributed to the 

strength of the gel samples containing 3% wt PVA. Fig 2 shows, the viscosity and shear stress of 

drilling mud with different shear rates. 

Fig.2 demonstrate that a base fluid containing 3% wt polymer , has the highest shear stress and the 

fluid that did not matter shows the minimum shear stress. Initial decreasing in viscosity for samples 

containing 1.5% wt PVA is most value. With increasing shear rate, Formulation of mud base and 

base mud+0.03%wt PVA arrive at viscosity of similar compounds that are containing 1.5% wt 

PVA. According to the curve observed that the final viscosity of the formulation containing 1.5% 

wt PVA has a maximum value. 

Fig 3 corresponds to the initial strength of the gel that displays the viscosity of the drilling fluid 

according to API standard.  In table of drilling fluid properties (table1), the highest gel strength was 

reported. That is derived from this curve. It is visible that the drilling fluid viscosity increases after 

addition of 0.03% wt PVA to drilling fluid, and by increasing shear rate, viscosity is close to the 

base mud. Thixotropic behavior of the PVA polymer reduces the vis                   cosity of the 

drilling mud in 5.11 1/sec shear rate that is reasonable. 

Drilling fluid rheological data applied in this study  using rotating coaxial cylinder rheometer at 25 

°C. 

API standard to measure the rheological properties of the drilling fluid was investigated at different 

RPM and the Equation was calculated as: 

 

 ̇            (1) 
 

 

Another important properties of the drilling mud, is thixotropic. In Fig 4 behavior of the drilling 

fluid is shown with shear rate 5.11 1/s, then shear rate 1022 1/s (equivalent to around 600rpm) and 

finally, the shear intensity rate of 5.11 1/s is examined. The purpose of this test is to measure the 

arrival time of the initial viscosity of the mud after applying the shear rate 1022 1/s. From this curve 

we can see that the behavior-based drilling fluid is unstable behavior and until 50 sec after finishing  

shear rate 1022 1/s  it has the same viscosity (0.005) and then upward with a positive slope. In time 

of addition polymer ascending the slope decreases with time, and for drilling mud formulation 

containing 3% wt PVA after 150 sec of performing the 1022 1/s the slope is negative, due to the 

nature of the PVA polymer Shear Thickener. After removal of shear-1022 1/s polymer it tends to 

reduce the viscosity, and it shows against shear thinning behavior. 

The stability of the dispersions was investigated with the time dependency. The dispersions were 

put in test tubes to see whether there is any sedimentation or not. The pictures of the tubes were 

taken after 2 weeks (Fig.1) 
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Fig.1 The sample of NaB–Sp–NanoB, base+0.03%wt PVA, base+1.5%wtPVA, base+3%wt PVA 

dispersions 

 

Three-parameter initial gel strength, appearance viscosity, API Filtration in drilling mud 

formulations containing Nanoparticles and polymers are compared. In this table (table1), the 

apparent viscosity of the base mud formulations are compared with other apparent viscosities. 

Detected in the samples containing 3 wt% PVA, apparent viscosity and the initial gel strength are 

higher than the other samples. Also extent strength of gel increase with the increasing of the percent 

Polymer, to the rate substantially heals. Increasing of actions, Nano Na-clay with the increasing the 

percent weightlessness polymer can make these properties to be improved. 

 

 

Table 1 Impact of varius concentration of PVA on drilling fluid properties 

 

Test No. Chemical types Apparent 

Viscosity, AV 

]mPa.s[ 

Gels 10sec 

]Pa[ 

API Filtrate 

]ml/30min[ 

1 base mud 15.4 5.63 15.3 

2 Base mud+ 0.03% PVA 15.7 5.9 14.8 

3 Base mud+ 1.5% PVA 19.6 8.27 12.4 

4 Base mud+ 3% PVA 25.7 14.7 8.1 

 
The gel strength, filtration and rheological properties of sample mud improved as clay and Nano 

NaB concentration increased with optimum concentration observed at Nano and 3%polymer. 

The flow curves are shown in Fig.2. The Gel strength  curve of  concentrations are shown in Fig.3. 

The thixotropic curves of concentrations are shown in Fig.4. 
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Fig.2 The flow curve of  base mud, base mud+0.03%PVA, base mud+1.5%PVA and base 

mud+3%PVA 
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Fig.3 The Gel strength curve of base mud, base mud+0.03%PVA, base mud+1.5%PVA and base 

mud+3%PVA 

 
Fig.4 The Thixotropic curves of base mud, base mud+0.03%PVA, base mud+1.5%PVA and base 

mud+3%PVA 
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Conclusions 

The volume filtration in less than 30 minutes for samples containing 3% PVA showed how the 

combination of these PVA is suitable to reduce the amount of filtration. The experimental data 

suggests that addition of PVA polymer can significantly increase shear stress compared to water-

based mud, and between the polymer and Nano interaction improvement there is an ascendant 

behavior. Formulations containing 3% wt suspension had the most consistency. The final viscosity 

of the formulation containing 1.5% wt PVA  have maximum value.  
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