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ABSTRACT 

There are lots of researches on the use of local materials as substitutes 

for imported drilling fluid additives. This study is aimed at determining 

how effective modified micronized local starches (Rice, Yam, and 

Corn) can be used to reduce the filtration properties of a water-based 

mud. Starch extracted from these starchy foods using the wet milling  

method were chemically modified and an analytical sieve was used to obtain two different 

particle sizes (63 micro-meter and 75 micro-meter) for each of the starch samples. The 63 

micro-meter and 75 micro-meter size modified rice, yam and corn starches were labelled A, 

C and E, and B, D and F, respectively. The concentrations of the modified starches were 

varied by 0.5g (0.5g, 1.0g and 1.5g) in the treatment of a water-based mud. Same 

concentration of low viscous Carboxymethyl Cellulose (CMC) (sample G) and extra high 

viscous CMC (sample H) served as control. The effects of particle size and varying 

temperatures (30
o
C, 50

o
C, and 70

o
C) on the filtration properties of a water based drilling mud 

treated with the various modified micronized starches with a Low-temperature/low-pressure 

American Petroleum Institute (API) Filter Press were investigated using the API 

Recommended Practice 13B-1 procedure. From the result, it was observed that there was no 

significant difference in temperature of fluid, particle size, and the type of additive used. 

Also, it was observed that the addition of the modified starch to the water-based mud caused 

a reduction in the fluid loss and a thin filter cake was formed. These starches were found 

suitable for use as drilling fluid additives. 
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1. INTRODUCTION 

Drilling operation in the oil and gas industry is a demanding task because most drilling 

problems can be indirectly or directly attributed to drilling fluids, so formulation of drilling 

fluid must be carried out carefully. Drilling fluid is a mixture of water, oil, clay and various 

chemicals which are used during drilling operations. The use of water as base fluid had 

resulted from its cost and environmental affinity.
[1]

 Drilling mud must be formulated in a way 

to meet all the criteria necessary to achieve a successful cost-effective drilling project. The 

functionality of a drilling fluid is attributed to the properties of the drilling fluid density, 

rheological properties (apparent and plastic yield point, gel strength (10s and 10min), and 

filtration properties.
[2]

 As a result, the filtration property of a drilling mud is one of the most 

measured properties after rheological properties and density. Filtration property is one of the 

important properties of a drilling fluid used in rotary drilling operations in the oil and gas 

industry because a major problem associated with a high fluid loss is formation damage due 

to filtrate invasion therefore a minimal fluid loss is desired. The ideal filter cake must be thin, 

and impermeable, will reduce the fluid loss and decrease the formation damage. In addition, 

thin filter cake will help avoid the common drilling problem such as differential sticking and 

this will reduce the total drilling cost. 

 

The daily treatments in a drilling fluid system can be observed from the measurement 

obtained from the mud filtration properties and the acceptable standard API test condition 

range of less than 15 cc/30 min is tried to be achieved by the use of fluid loss additives. 

Different types of chemicals are used while formulating drilling fluid in order to get the 

appropriate density, mud rheology, fluid loss control property etc.
[3]

 The use of starch in 

developing polymeric additives in oil and gas in¬dustry had come a long way. This is as a 

result of its unique structure despite its short-coming in its native state, numerous modified 

starch derivatives have been carried out for possible use in the oilfield. The use of 

pregelatinized starches as drilling mud additives was first mentioned by
[4]

 References
[5,4]

, 

investigated the use of five different cassava starches as viscosifiers and fluid loss control 

additives in water based mud and compared with Barazan, an imported sample, they 

concluded that with proper quality control efforts of the local samples, they could be used as 

a substitute for imported grade for exploration and exploitation of oil and gas in Nigeria. 
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In 2015 Reference
[6]

 carried out a comparative analysis of properties obtained from the 

prepared potato starch mud and those of Polyanionic cellulose (PAC). The results they got 

showed that combination of PAC and potato were all in line with the standard mud 

specifications. They
[6]

 studied the effect of temperature and time–dependent behaviour of a 

water-based mud treated with maize (zea mays) and cassava (manihot esculanta) starches, 

they observed that both native maize (zea mays) and cassava (manihot esculanta) were good 

materials that could be used as drilling fluid additives, although they tend to degenerate as 

temperature increases with aging time.
[7]

 investigated the impact of some reagents used in the 

synthesis of Carboxymethyl starch as additives in drilling mud and concluded that the use of 

isopropanol as solvent gave the best filtration loss properties, Reference
[8]

 used corn starch 

and banana starch to test the effectiveness of different Starches as drilling fluid additives in 

Non Damaging Drilling Fluid (NDDF). This study has showed that Banana Starch and Corn 

Starch work excellently as the fluid loss control agent as NDDF.
[9] 

 

Various studies on the effect of reduction of the particle size of some drilling additives have 

been carried out A comparative study was carried out on the use of micronized ilmenite 

(5µm) and API barite as weighting material in the improvement of the rheological properties 

of drilling fluid. The sample with the micronized ilmenite (5µm) showed a significant 

improvement.
[10]

 While Al-Bagoury,
[11]

 used micronized ilmenite (5 µm) as a weighting 

material to improve the rheological properties of a drilling fluid and the results obtained 

were more favourable than those of API barite. Reference
[12]

 examined the effect of micro 

sized barite in preventing barite sagging, the study showed that the micronized barite 

yielded insignificant improvement in preventing barite sagging. References
[13,12]

 assessed the 

effect of using micronized starch in enhancing the rheological properties of water-based 

drilling fluid. In their experiments, different starch particle sizes (60µm, 7µm, and 1µm) were 

used. The result indicated that the starch micronized-based (1µm) drilling fluid was efficient 

in forming a thin, and impermeable filter cake. Different types of statistical tools and tests 

were used to analyse the experimental data and predict the measurements of filtrate with 

respect to various parameters such as temperature and time. Reference
[14]

 conducted 

experiments for different water-clay mixtures with varying concentrations at different 

pressure values by using standard API filter press and High-Pressure High-Temperature filter 

press. An empirical correlation was developed for estimating the filtrate volume. 
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The developed correlation can estimate filtrate volume with an error less than 20% for a wide 

range of pressure values. Reference
[15]

 derived a new model to describe the fluid loss of 

nanoparticle-enhanced water based drilling mud under static filtration. The newly developed 

model was found to fit the fluid loss profile of the water based mud containing the silica 

nanoparticles. The new fluid loss model compares favourably with the industry based API 

static model with R
2
 and RMSE ranging from 0.9989–0.994 and 0.41– 0.81cm

3
 

respectively.
[13]

 in his study, enhanced the rheological properties of Water-Based Drilling 

Fluid using micronized starch. The results obtained from the study shows that micronized 

starch can be generated using the wet micro grinding technique in laboratory scale. The 

decrease in the starch size from 60 to 1µm, increased the plastic viscosity and yield point by 

250% with an optimum YP/PV ratio of 1.5; also, the micronized-based (1µm) drilling fluid 

has a better filter cake property.
[16,17]

 

 

2. MATERIALS AND METHODOLOGY 

The following materials were used in the cause of the study, Native Starch from Rice, Yam 

and Corn were sourced from local farmers in Kebbi, Benue, and Oyo State, respectively. The 

soft tissue paper, Hamilton Multimixer, spatula, Ofite Filter Press, Mechanical grinder, 

peeler. Table Top Electromagnetic Sieve Shakers, Bowl, Weighing balance, Spatula, 

Beakers, Distil water, Conical flasks, Measuring cylinder, three neck round bottom flask, 

Nitrogen gas, Thermometer, Heater with a magnetic stirrer and Vacuum pump were provided 

by the Petroleum Engineering Laboratory of the University of Ibadan, while the Bentonite, 

Low viscous CMC and Extra high viscous CMC obtained from Mi-Swaco were used in the 

preparation of the base fluid. Analytical grade Iso-propanol, Sodium hydroxide (2N), 

Monochloroacetic acid (40% v/w), Methanol (80%), procured from Sigma Aldrich were 

used. The following steps were taken: Extraction of starch from rice, yam, corn. Modification 

of starch into carboxymethyl starch, Particle size separation, Preparation of mud samples and 

Filtration tests.  

 

2.1 Procedure for Extraction of Starch 

 Using the method of wet milling, three labelled bowls (1,2 and 3) were used. Then 3kg of rice 

and 5kg of corn were soaked in water the bowl 1 and 2, respectively, while 4kg of yam was 

washed, peeled, sliced before soaking inside the bowl 3 filled with water for 26 hours for ease 

of grinding. The soaked materials were then ground to form a paste and sieved. Then water 

was expelled leaving the solid part of the mixture (starch) settling at the bottom of the bowls. 
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NaOH solution was added to the extracted starch mixture and left for 4 hours, The NaOH 

solution was expelled leaving the starch sediments at the bottom of the bowl. Distilled water 

was added to the caked sediment in order to rinse out the NaOH and allowed to stand for 4 

hours, The distilled water was expelled leaving the solid part of the mixture (starch) settling 

at the bottom of the bowl. The starch sediments were scooped out and were placed on a flat 

tray and left outside to dry from direct sun ray  

 

2.2 Procedure for Modification of Starch 

Carboxymethylation of the extracted starches was carried out using the method of Khalil et al 

(1990)
[16]

 with sight modifications. To obtain the modified starches from rice, yam and corn, 

the following procedure was taken 80ml of isopropanol and 20.0 ml of distilled water were 

measured using a measuring cylinder and poured into a beaker. 4.0 ml of 2N sodium 

hydroxide was measured and poured into the isopropanol water mixture in the beaker. 10g of 

starch (rice, yam and corn) was measured and dispersed in the solution. The beaker 

containing the mixture was placed on the heater and stirred magnetically. 10.0 ml of 

Monochloroacetic acid (MCA 40% w/v) was measured and added to the suspension at 70
0
C. 

The mixture was heated for 60 minutes whilst intermittently stirring and ensuring the 

temperature of the mixture was 70
0
C using a thermometer The obtained product was filtered 

immediately using vacuum pump and washed with 80% methanol and left to dry. 

 

2.3 Particle Size Determination 

 Particle size distribution is used to determine filtration properties and the amount of solids 

retained in the DF after the fluid is pumped into the system while drilling an oil and gas well. 

This is important. in order to effectively bridge the formation and be able to form a thin 

permeable filter cake. Particle size separation into 63μm and 75μm was then carried out on 

the modified starch samples using a Table Top Electromagnetic Sieve Shaker. 

 

2.4 Formulation of Water Based Mud 

The mud samples were prepared and labelled as shown in the Tables 1 and 2. The additives 

are sample A and B (Modified Rice Starch, MRS, 63μm and 75μm, respectively), sample C 

and D (Modified Yam Starch, MYS, 63μm and 75μm, respectively), sample E (Modified 

Corn Starch, MCS, 63μm and 75μm, respectively), sample G and H (Low viscous CMC and 

Extra high viscous CMC, respectively).  
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2.5 Data analysis 

The data obtained were analysed using both descriptive statistical method and inferential 

statistical method. This is to test if there is any significant difference between various 

variables with respect to the filtrate volume. 

 

3. RESULTS AND DISCUSSION 

3.1 The Fluid loss of the Mud Samples at Varying Temperature (30, 50 and 70 
o
C)  

Figures 1 - 8 show plots of Fluid loss (cm
3
) against Square root of Time (mins) for all the 

mud samples using different concentrations of the additives and temperatures. From Figures 

1 and 2 it was observed that the trend lines of almost all the mud samples tend to align, 

meaning an insignificance but that of sample D shows a visible difference in filtrate volume. 

 

Also, from Figure 3, it is observed that at 2 minutes, sample F and the control additives trend 

lines were very close, this implies that sample F performed better than the rest with respect to 

the 2 control additives. In Figure 4, at 20 minutes the trendline of sample A diverges from the 

rest showing a visible difference in filtrate volume before converging at 26 minutes in Figure 

5 Sample F performed better than the rest from 2 minutes to 8 minutes, In Figure 6, at 4 

minutes the trendline of sample C diverges from the rest indicating a significant difference in 

filtrate volume, but converges and aligns with the others at 10 minutes. In Figure 7, an 

insignificant difference in filtrate volume between sample C and sample G occurs between 4 

minutes and 8 minutes. In Figure 8, The difference in filtrate volume between the sample B 

and F and the control additive is significant, with the Sample B and sample F performing 

better than the other samples. 

 

FIGURES AND TABLES 

Table 1: Drilling Mud Composition with Varying Concentrations of 63μm Modified 

Starches with the control samples.  

 A1 A2 A3 C1 C2 C3 E1 E2 E3 G1 G2 G3 H1 H2 H3 

Water (ml) 350 350 350 350 350 350 350 350 350 350 350 350 350 350 350 

Bentonite(g) 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 

MRS (g) 0.5 1.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

MYS (g) 0.0 0.0 0.0 0.5 1.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

MCS(g) 0.0 0.0 0.0 0.0 0.0 0.0 0.5 1.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 

CMC-lv (g) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 1.0 1.5 0.0 0.0 0.0 

CMC-hv (g) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 1.0 1.5 
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Table 2: Drilling Mud Composition with Varying Concentrations of 75μm Modified 

Starches. 

 B1 B2 B3 D1 D2 D3 F1 F2 F3 G1 G2 G3 H1 H2 H3 

Water (ml) 350 350 350 350 350 350 350 350 350 350 350 350 350 350 350 

Bentonite(g) 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 

MRS (g) 0.5 1.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

MYS (g) 0.0 0.0 0.0 0.5 1.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

MCS(g) 0.0 0.0 0.0 0.0 0.0 0.0 0.5 1.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 

CMC-lv (g) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 1.0 1.5 0.0 0.0 0.0 

CMC-hv (g) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 1.0 1.5 

 

 

Fig.1: Fluid loss (cm
3
) against Square root of Time (mins) for all samples using a 

concentration of 0.5g at 30
o
C. 

 

 

 Fig 2: Fluid loss (cm
3
) against Square root of Time (mins) for all samples using a 

concentration of 1.0g at 30
o
C.  
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Fig 3: Fluid loss (cm
3
) against Square root of Time (mins) for all samples using a 

concentration of 1.5g at 30
o
C.  

 

 

Fig 4: Fluid loss (cm
3
) against Square root of Time (mins) for all samples using a 

concentration of 0.5g at 50
o
C. 

 

 

Fig 5: Fluid loss (cm
3
) against Square root of Time (mins) for all samples using a 

concentration of 1.0g at 50
o
C.   
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Fig 6: Fluid loss (cm
3
) against Square root of Time (mins) for all samples using a 

concentration of 1.5g at 50
o
C.  

 

 

Fig 7: Fluid loss (cm
3
) against Square root of Time (mins) for all samples using a 

concentration of 0.5g at 70
o
C. 

 

 

Fig 8: Fluid loss (cm
3
) against Square root of Time (mins) for all samples using a 

concentration of 1.0g at 70
o
C.  
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Fig. 9: Fluid loss (cm
3
) against Square root of Time (mins) for all samples using a 

concentration of 1.5g at 70
o
C.  

 

3.2. Statistical Test for Significance in Particle for Each Additive 

From the boxes and the whiskers in the box plot for Figures 10 to 12 for the modified rice, 

yam and corn starches, respectively. There were not much variability in the filtrate volume 

for both particle sizes as they tend to have the same inter-quartile ranges, and similar spread 

in variability. While the bar chart in Figures. 13, 14 and 15 further suggests no much 

difference in the filtrate volume of both particle sizes as they shared a similar average filtrate 

volume.  

 

 

Fig. 10: Box plot of MRS filtrate volume (cm
3
) against Particle size. 
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Fig. 11:  Box plot of MYS filtrate volume (cm
3
) against Particle size. 

 

 

Fig. 12: Box plot of MCS filtrate volume (cm
3
) against Particle size. 

 

 

Fig. 13: Bar chart of MRS filtrate volume (cm
3
) against particle size. 
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Fig. 14: Bar chart of the MYS Filtrate volume (cm
3
) against particle size. 

 

 

Fig. 15: Bar chart of MCS filtrate volume (cm
3
) against Particle size. 

 

4. CONCLUSION 

The filtration loss properties of different samples of drilling fluid formulated with modified 

starch of different types (Rice, Yam, Cassava), different particle sizes (63μm and  75μm) and 

different concentrations  as a fluid loss additive, were studied at 30
o
C, 50

o
C and 70

o
C in 

comparison with two controls low viscous CMC and extra high viscous CMC. From the 

analysis of the results obtained it was observed that as the concentration of the 
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Carboxymethyl starch added increases, less fluid was lost from the drilling fluid, and there 

was no significant difference of the filtrate volume in respect to the two different particle 

sizes used. Also increasing the temperature of the mud samples slightly increased the filtrate 

volume of the drilling fluid. 

 

From the results it can be seen that decreasing the starch size results in better filter cake 

thickness this can aid in preventing drilling related  borehole problems. 
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