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Abstract: Selected local cassava (Manihot esculenta Crantz) starches were investigated as additives for water-based drilling 

mud. Cassava cultivars, TMS 30572, TMS 98/0505, TMS 98/0581, M98/0068, TMS 92/0057, TMS 96/1632, NR8082, TME 

419, TMS 97/4779 and TMS 01/1412 were processed to starches and used for drilling mud treatment at 0.5, 1.0 and 2.0 

percent. Polyanionic cellulose (PAC), xanthan gum (XG) and industrial starch-modified drilling muds served as controls. 

Physicochemical analysis of the starches showed significant differences in their properties. Viscosity and fluid loss profiles 

revealed that some of the local cassava starches had comparable performance with the commercial polymers. The optimal 

concentration of the industrial starch in the mud system was 0.5 percent, while that of the local starches were between 0.5 and 

1.0 percent. PAC and XG performed best at 1.0 and 2.0 percent respectively. The highest viscosities were shown by muds 

treated with TMS 98/0581, XG, TMS 96/1632, M98/0068, TMS 92/0057 and PAC, arranged in decreasing order. And the 

lowest fluid losses were exhibited by muds with PAC, industrial starch, XG, TMS 98/0581 and M98/0068 in increasing order. 

Viscosity and fluid loss models as functions of cassava starch physicochemical properties were developed. Increase in starch 

content, amylose content, solubility index would readily increase viscosity, while high starch content, amylopectin content, 

solubility index and pH would reduce the fluid loss. Local starches from TMS 98/0581, TMS 96/1632 and M98/0068 and TMS 

92/0057 could be used as a substitute in drilling mud as viscosity enhancers and fluid loss control agents in Nigeria. 
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1. Introduction 

Rotary drilling takes place, with the application of drilling 

mud, which performs various functions. Some of the major 

functions are: controlling subsurface pressure; transportation 

of drill cuttings from the bottom of hole to the surface; and 

preventing the wellbore walls from collapsing [1]. Drilling 

fluid needs additive to enable them to fulfil specific 

requirements [2]. Polymer additives have been some of the 

earliest and most common additives for drilling mud. The 

functions of polymers on drilling fluids are viscosity, 

deflocculant (thinners), flocculants, surfactant and fluid loss 

additives. 

The functions of starch are attributed to the structure of the 

polymer, which is based on their molecular weight and 

reactive group [3]. Corn starch, the most widely used 

additive, was the first polymer used for bentonite drilling 

mud in 1937 to control filtration characteristics [4]. Starch is 

mainly used as effective colloids, which decreases the 

filtration of all kinds of water dispersing drilling fluids and 

increasing the viscosity. The starch action is caused by its 

swelling capacity and increasing of its volume due to free 

water absorption [5]. Swelled starch becomes a component of 

filtrating deposit to form polymer-clayey mixture. Starch also 
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causes increase of rheological properties of drilling fluids [6]. 

Starch grains contain amylose and amylopectin 

polysaccharides [7] as shown in Figures 1 and 2 respectively. 

The amylose enables starch to exhibit fluid loss control 

properties. Investigation [8] revealed that the source of starch 

could also vary its performance in drilling fluid. It was 

reported [9] that the difference in the performance of the 

starches was their physicochemical properties. Nigerian 

Cassava starches were also studied as potential additives for 

the drilling mud [6, 10-15]. 

Cassava starch is a polysaccharide polymer. Cassava 

(Manihot esculenta Crantz) is a root crop cultivated and 

consumed as a staple food in most developing countries; 

however there are conscious efforts to utilize cassava for 

non-food industrial raw material [16]. In 2011, cassava root 

production in the world was estimated at 252 million tonnes 

[17] and Nigeria is the world's largest producer with 

production of 45 million metric tonnes in 2008 [18]. There 

are various varieties of cassava that are grown. Over forty 

improved cassava mosaic disease-resistant (CMD-resistant) 

varieties were developed in Nigeria [19]. Several varieties of 

cassava grown in Nigeria were investigated for 

physicochemical, functional and pasting properties as well as 

granule morphology of starches [19-21]. Local cassava 

starches have potentials for a wide end use; including drilling 

operation based on the significantly different 

physicochemical properties they exhibit [22]. 

Previous studies with less elaborate investigations showed 

that local cassava starch could be used as additive to drilling 

fluid, even though some works did not specify the species of 

local cassava used. This work was carried out to undertake 

extensive research using selected cultivars of cassava to 

establish a bench line for use as local substitute as drilling 

mud additive. 

 

Figure 1. Structure of amylose. 

 

Figure 2. Structure of amylopectin. 

2. Materials and Methods 

Ten cassava cultivars were procured from National Root 

Crop Research Institute (NRCRI), Umudike, Nigeria. The 

cassava clones are TMS 30572, TMS 98/0505, TMS 

98/0581, M98/0068, TMS 92/0057, TMS 96/1632, NR8082, 

TME 419, TMS 97/4779 and TMS 01/1412. The cultivars are 

white root, except TMS 01/1412, which is a yellow root [23]. 

The cassava tubers were aged 11 to 12 months after planting 

and freshly harvested. Cassava loses some of its vital 

physicochemical properties when there is delayed processing 

[24]. Starch extraction was conducted by methods described 

by Eke et al. [19]. Three commercial drilling polymers, 

polyanionic cellulose (PAC), xanthan gum (XG) and 

industrial starch (IS) were provided by POCEMA Limited, 

Nigeria. 

2.1. Physicochemical Properties Determination 

Some properties of the local cassava starches and the 

industrial starch were determined. Starch content, amylose 

content, amylopectin content, water absorption capacity, 

swelling power and solubility index were determined by 

methods described by Onitilo et al. [20]. The pH 

determination was by the method used by Egun and Abah 

[12]. 

2.2. Drilling Mud Preparation and Testing 

API 13A [25] standard procedures were employed in mud 

preparation and testing. 22.5g of bentonite and 0.5 percent 

weight of bentonite of the polymer was weighed with “A and 

D” electronic weighing balance (model FX-5000i) and added 

to 350ml of distilled water in a beaker while stirring with 

Hamilton Beach mixer. The suspension was stirred for 5 

minutes. The beaker was removed from the mixer and the 

sides were scrapped with spatula to dislodge bentonite and 

polymer clinging to the walls of the beaker. The mixer was 

further used to stir the suspension for another 15 minutes. 

The spatula was used to dislodge the solids from the walls of 

the beaker every 5 minutes. A total of 20 minutes was used 

for stirring. Polymer concentrations of 1.0 and 2.0 percent 

weight of bentonite were also prepared in a similar way. The 

mud types in this work are contained in Table 1. 

Mud Rheology Test: The bentonite-polymer suspensions 

were transferred into the viscometer cup and subjected to 

shear in model 800 OFITE 8-speed viscometer. The shear 

was done at 600, 300, 200, 100, 60, 30, 6, and 3 rpm 

respectively. At each rotation speed the dial reading was 

recorded when the speed of rotation was stabilized. The 

rheology test was conducted for each sample at 80
o
F, 120

o
F, 

150°F and 190°F. Bentonite-polymer suspensions were aged 

in a covered container at room temperature for 16 hours. 

After aging, each of the suspensions was shaken and poured 

into a mixer container and stirred for 5 minutes and then 

subjected to rheology tests at 80°F, 120°F, 150°F and 190°F. 

Measurement of the rheological properties of drilling fluid is 

used to determine fictional pressure losses; determine the 

ability of the mud to lift cuttings to the surface; and analyze 
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the contamination of the mud by solids, chemicals and 

temperature [26]. 

Statistical software, IBM SPSS 23, was used to analyze the 

viscosity data from the rheological tests. Tukey HSD (honest 

significant difference) was used to separate the viscosity 

means based on viscometer speed, concentration and 

temperature. SPSS was also used in analyzing data for the 

physicochemical properties of the starches. 

Mud Filtration Test: Filtration test for mud samples before 

aging was performed at 80°F using OFITE filtration test 

equipment. The press cell was inspected to ensure it was dry 

and none of the gasket was worn. The suspension was poured 

into the filter press cell to about 0.5in to the top of the cell. 

The press filter was completely assemble and placed in the 

frame. The relief valve was closed and a container was 

placed under the drain tube. Pressure of 100±5psi was 

supplied from a cartridge containing nitrogen. The liquid 

collected after 7.5 minutes was discarded. A graduated 

cylinder was placed to collect filtrate between 7.5 to 30 

minutes. The filtrate volume was calculated as twice the 

filtrate collected. 

Table 1. Mud and polymer additive types. 

S/N 
Mud 

type 

Polymer 

type/source 
Source name 

1 Mud LA TMS 30572 Local cassava starch 

2 Mud LB TMS 98/0505 Local cassava starch 

3 Mud LC TMS 98/0581 Local cassava starch 

4 Mud LD M98/0068 Local cassava starch 

5 Mud LE TMS 92/0057 Local cassava starch 

6 Mud LF TMS 96/1632 Local cassava starch 

7 Mud LG NR 8082 Local cassava starch 

8 Mud LH TME 419 Local cassava starch 

9 Mud LI TMS 97/4779 Local cassava starch 

10 Mud LJ TMS 01/1412 Local cassava starch 

11 Mud FA PAC Polyanionic cellulose (control) 

12 Mud FB XG Xanthan gum (control) 

13 Mud FC IS Industrial Starch (control) 

2.3. Model Development for Viscosity and Fluid Loss 

Regression models were developed for viscosities and 

fluid loss of muds treated with the local cassava starches. 

Viscosity (at 600 rpm) and fluid loss were expressed as 

functions of concentration, temperature and some 

physicochemical properties of the cassava starches. The 

multivariate regression equations were expressed as [27]: 

�� = ��� + ∑���� +∑�����
	 +⋯+∑�����

�        (1) 

Where, 

��  represent viscosity (centipoise) or fluid loss (mililitre) 

for each mud system treated with local cassava starch. 

���  is a constant for viscosity (centipoise) or fluid loss 

(mililitre) equation. 

��  (in percent) represent the values of starch content, 

amylose content, amylopectin content, water absorption 

capacity, swelling power, solubility index and pH 

respectively for each of the local cassava starch. 

�� , ���  … 	���  represent the coefficients (in centipoise or 

mililitre) of ��, ��
	 …��

� 

The regression model equations for viscosities (before and 

after aging) and fluid loss were developed using statistic 

software SPSS 23. The correlation was analyzed for the 

independent variables. To avoid high collinearity in the 

coefficients, the values of the independent variables were 

mean centred [28]. That implies to calculate the mean of the 

predictor values and subtract the mean from each of the 

values. Linear, quadratic and cubic terms were applied to the 

independent variables as expressed in equation: 

�� = ��� + ∑���� +∑�����
	 + ∑������

�           (2) 

Where, 

Y - represents viscosity (centipoise) or fluid loss (mililitre) 

for mud system treated with local cassava starch. 

��  represents centred parameters such as concentration, 

temperature, starch content, solubility index, amylose 

content, water absorption capacity, swelling power, pH, and 

amylopectin. 

3. Results and Discussion 

3.1. Physicochemical Properties of Starches 

Some physicochemical properties of the ten selected local 

cassava starches and the industrial starch are presented in 

Table 2. The starch contents of the selected local cassava 

starches ranged between 74.82 ± 0.02 and 87.72 ± 0.01 

percent. TMS 01/1412, β-carotene cassava species, had the 

lowest starch content. This is similar to previous work [29] 

that revealed that β-carotene cassava species had lower starch 

content than TMS 30572, a white cassava root. Cassava 

starch content ranging from 60.34 to 91.78 percent was 

previously reported [19]. The starch content of the industrial 

starch was 94.40 ± 0.02 percent, and differs significantly 

with that of the local cassava starches. The amylose contents 

of the starches were significantly different. The lowest was 

that of TMS 98/0581 at 22.45 ± 0.02 percent, while the 

highest was that of industrial starch (26.40 + 0.10 percent). 

Amylose contents of cassava starches between 15 to 30 

percent were previously reported [16, 20, 24]. TMS 01/1412 

had the highest amylose content of the cassava starches at 

25.41 ± 0.01 percent. β-carotene cassava varieties had higher 

amylose content than the check clones in a set of report [16]. 

The amylopectin is a complement of the amylose content and 

it values among the starches differs significantly. Filtration 

property of drilling mud is enhanced by effective swelling [9] 

and from previous report [3], swelling is a property of 

amylopectin molecule. The water absorption capacities of 

TMS 01/1412, TME 419, M98/0068 and the industrial starch 

were significantly different from one another and with the 

remaining of the starches. The industrial starch had the 

lowest water absorption capacity at 1.60 ± 0.10 g/g. the 
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highest was that of M98/0068 at 1.98 + 0.01g/g. TMS 30572, 

TMS 98/0505, TMS 98/0581, TMS 92/0057, TMS 96/1632 

and NR8082 water absorption capacities were not 

significantly different at p>0.05. The water absorption 

capacities of TMS 92/0057, TMS 96/1632 and NR 8082 were 

not significantly different. The lowest value of swelling 

power was that of the industrial starch at 6.30 ± 0.10 percent 

and it was significantly different from the cassava starches. 

TMS 01/1412 had the highest swelling power (12.41 ± 0.02 

percent), which was not significantly different from that of 

NR 8082, TMS 97/4779 and TMS 98/0505. The swelling 

powers of TMS 30572, TMS 98/0581, TMS 96/1632 and 

M98/0068 were not significantly different. Swelling powers 

of cassava starches between 4 and 18 percent were reported 

[19, 24]. Solubility indices of all the starches were 

significantly different. The solubility index of the industrial 

starch was the highest at 7.17 ± 0.15 percent. The lowest 

value of solubility index was that of TMS 01/1412 at 0.80 ± 

0.01 percent. Eke et al. [19] reported solubility index ranging 

from 2.07 to 26.36 percent, while Onitilo et al. [20] report 

ranged from 1.03 to 2.10 percent. The pH of the starches 

ranged from 5.51 ± 0.01 to 6.37 ± 0.06 percent, and they 

were significantly different from one another at p<0.05. 

Previous reports [30, 31] had pH range between 5.07 and 

8.39. There are significant properties differences among the 

local cassava starches and with the industrial starch. 

Table 2. Physicochemical properties of local cassava starches and an industrial starch. 

Starch 
Starch 

content (%) 

Amylose 

content (%) 

Amylopectin 

content (%) 

Water absorption 

capacity (g/g) 

Swelling 

power (%) 

Solubility 

index (%) 
pH 

TMS 30572 86.12 ± 0.02 23.81 ± 0.01g 76.19 ± 0.01d 1.78 ± 0.01d,e 9.01 ± 0.01c,d,e 2.21 ± 0.02f 6.21 ± 0.01b 

TMS 98/0505 77.10 ± 0.02 24.28 ± 0.01f 75.72 ± 0.01e 1.81 ± 0.01c,d,e 11.51 ± 0.01a,b 1.12 ± 0.01i 5.73 ± 0.02e 

TMS 98/0581* 80.46 ± 0.01 22.45 ± 0.02j 77.55 ± 0.02a 1.80 ± 0.01c,d,e 9.21 ± 0.01c,d,e 3.12 ± 0.03d 6.10 ± 0.02c 

M98/0068* 81.25 ± 0.01 23.73 ± 0.02h 76.27 ± 0.02c 1.98 ± 0.01b 10.51 ± 0.01b,c 1.31 ± 0.01h 6.24 ± 0.01b 

TMS 92/0057 87.72 ± 0.01 25.06 ± 0.02d 74.94 ± 0.02g 1.84 ± 0.01c,d 8.12 ± 0.01e,f 3.31 ± 0.01b 6.13 ± 0.01c 

TMS 96/1632 78.44 ± 0.01 24.92 ± 0.01e 75.08 ± 0.02f 1.86 ± 0.01c,d 9.81 ± 0.02c,d 1.46 ± 0.01g 5.81 ± 0.01d 

NR 8082 81.74 ± 0.02 25.21 ± 0.01c 74.79 ± 0.01h 1.82 ± 0.01c,d 12.01 ± 0.01a 1.08 ± 0.01j 6.11 ± 0.01c 

TME 419 76.11 ± 0.01 23.61 ± 0.01i 76.39 ± 0.01b 2.02 ± 0.01a 8.14 ± 0.01e,f 3.21 ± 0.01c 5.59 ± 0.02f 

TMS 97/4779 86.42 ± 0.02 23.85 ± 0.02g 76.15 ± 0.02d 1.88 ± 0.01c 8.61 ± 0.02d,e 2.80 ± 0.01e 6.14 ± 0.01c 

TMS 01/1412 74.82 ± 0.02 25.41 ± 0.01b 74.59 ± 0.01i 1.74 ± 0.02e 12.41 ± 0.02a 0.80 ± 0.01k 5.51 ± 0.01g 

Industrial starch* 94.40 ± 0.02 26.40 ± 0.10a 73.70 ± 0.02j 1.60 ± 0.10f 6.30 ± 0.10g 7.17 ± 0.15a 6.37 ± 0.06a 

Means in the same column with similar superscript are not significantly different at p>0.05 

3.2. Viscosities Profiles of Bentonite-Polymer Muds at 600 

rpm 

It was specified that the minimum viscosity required for 

bentonite suspension at 600 rpm is 30 cP [25]. The viscosities 

at 600 rpm before and after aging for bentonite mud samples 

with different concentrations of polymers and at various 

temperatures are presented in Figures 3 to 8. At 0.5 percent 

polymer concentrations in bentonite mud before aging as 

shown in Figure 3, the statistical mean viscosities for all 

temperatures for the three commercial polymer based muds 

(FA, FB and FC) and five local cassava starch based muds 

(LC, LD, LE, LF, LG), ranging between 31 and 43 cP, were 

above the API minimum requirement. Mud samples LA, LB, 

LH, LI and LJ viscosities (ranging between 19 and 27) were 

below the API minimum requirement. For 0.5 percent 

polymer concentration in bentonite mud after aging (see 

Figure 4), the mean viscosities for mud samples above the 

API minimum requirement ranges from 33 to 45cP for mud 

samples LA, LB, LC, LD, LE, LF, LG, FA, FB and FC. Mud 

samples LH, LI and LJ have mean viscosities, ranging 

between 22 and 26cP, below the API minimum requirement. 

For 1.0 percent polymer, as shown in Figures 5 and 6, the 

mean viscosities for muds LB, LH, LI, LJ and FC were lower 

than the API minimum, for both before aging (ranging from 

20 to 25cP) and after aging (ranging from 23 to 29cP), while 

the rest of the samples have mean viscosities above API 

minimum. At 2.0 percent polymer concentration, the mean 

viscosities above API minimum requirement for mud 

samples before aging ranged from 31 to 57cP (see Figure 7). 

The mud samples were LC, LD, LE, LF, LG, LH, FA and FB. 

The rest had mean viscosities below the API minimum 

requirement. In Figure 8, after mud aging, with the exception 

of LH, LI and LJ, all other muds were above API minimum. 

The overall statistical analysis of viscosities of bentonite-

polymer muds before aging at 600 rpm for 80°F, 120°F 

150°F and 190°F; and polymer concentrations at 0.5, 1.0 and 

2.0 percent indicated that Muds LB, LC, LE, LF, LG, FA, FB 

and FC have mean viscosities above the API required 

minimum at 30 cP. Muds LA, LH, LI and LJ have their mean 

viscosities below the API minimum. Mud FA (46.42 ± 

8.72cP), FB (38.67 ± 6.90cP), LC (37.00 ± 2.94cP) and LD 

(35.67 ± 3.20cP) had the highest average viscosities. 

However, after aging the viscosities of all the mud types were 

above the API minimum except for Muds LH, LI and LJ. The 

highest mean viscosities were Mud FB (45.67 ± 7.36cP), LC 

(43.17 ± 1.72cP), LF (41.50 ± 1.78cP) and LD (41.00 ± 

2.54cP). The viscosities of the some of the muds treated with 

local cassava starches were higher than that treated with the 

industrial starch and comparable with PAC and XG. 
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Figure 3. Viscosity profiles at 600 rpm of bentonite muds with 0.5% polymer before aging. 

 
Figure 4. Viscosity profiles at 600 rpm of bentonite muds with 0.5% polymer after aging. 

 
Figure 5. Viscosity profiles at 600 rpm of bentonite muds with 1.0% polymer before aging. 
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Figure 6. Viscosity profiles at 600 rpm of bentonite muds with 1.0% polymer after aging. 

 
Figure 7. Viscosity profiles at 600 rpm of bentonite muds with 2.0% polymer before aging. 

 

Figure 8. Viscosity profiles at 600 rpm of bentonite muds with 2.0% polymer after aging. 
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3.3. Effect of Speed on Viscosity of Bentonite Mud 

For all the mud samples before aging, viscosity increased 

with increase in speed, which is in agreement with previous 

report [6]. Increased shearing increase swelling, thus 

increases the viscosity [3]. The viscosities for each speed 

were significantly different (p<0.05), except for speeds at 3 

and 6 rpm. Mud FA had the highest viscosity (46.42 ± 

8.72cp) at 600 rpm and the lowest viscosity (10.33 ± 4.03cP) 

at 3 rpm. The viscosities of muds after 16 hours of aging 

were higher at different rotational speed than the viscosities 

before aging, except for muds LH and FA. Muds LC had the 

highest viscosities at 3 rpm before (17.67 ± 3.94cP) and after 

(20.83 ± 2.08cP) aging. 

3.4. Effect of Polymer Concentration on Viscosity of 

Bentonite Mud 

The mean viscosities for bentonite muds treated with local 

cassava starches and commercial polymers before and after 

aging are shown in Figures 9 and 10. The highest viscosity 

before aging was Mud FA with 2.0 percent polymer. This was 

followed by Mud FC with 0.5 percent polymer, Mud FB with 

2.0 percent polymer and Mud LC with 0.5 percent polymer. 

Mud FA and FB viscosities increased with increase in 

polymer concentration. Mud FC (with industrial starch) 

viscosity at 0.5 percent polymer concentration was good, but 

poor at 1.0 and 2.0 percent polymer. This was similar to the 

maximum performance of potato starch modified drilling 

mud at 0.6 percent reported [32]. Like Mud FC, Mud LC 

(with TMS 98/0581 polymer) performed best at 0.5 percent 

polymer concentration, though at 1.0 and 2.0 concentrations 

the performances were not poor compared to that of Mud FC. 

Muds LI and LJ had relatively low viscosities at the three 

polymer concentrations. For Muds LA, LD, LE, LF and LJ, 

the best concentrations were 1.0 percent, while 0.5 percent 

was the best concentrations for Muds LB, LC, LI and FC. 2.0 

percent polymer concentration was best concentration for 

Muds FC, FB, LH and LG. While some cassava starch 

treated mud systems increased in viscosity with increase in 

starch concentration, which is in line with previous work 

[10], some cassava starch species have optimum 

concentration, hence decreased in performance with increase 

in concentration. 

 

Figure 9. Effects of polymer concentration on bentonite mud before aging. 

 

Figure 10. Effects of polymer concentration on bentonite mud after aging.  

The highest viscosity after 16 hours aging was Mud FB 

with 2.0 percent polymer, followed by Mud FC with 0.5 

percent polymer and Mud LC with 0.5 percent polymer. Like 

the mean viscosity before aging, Mud FC with polymer 

concentration above 0.5 percent was relatively low. Though 

there was reduction in mean viscosities of the Mud LC with 

increase in concentration, the range was low. The 

performance of Mud LH, LI and LJ were comparably low, 



 American Journal of Chemical Engineering 2017; 5(3-1): 10-20 17 

 

just like they were, before aging. Muds LA, LC, LH and FC 

were at their best at 0.5 percent polymer presence. Muds LD, 

LE, LF, LI, LJ and FC were at their best at 1.0 percent 

polymer concentration, while Muds LB, LG and FB were at 

their best at 2.0 percent. From the result, for both before and 

after mud aging, the optimum concentrations of the polymers 

as bentonite mud viscosifier were 0.5 percent (industrial 

starch), 1.0 percent (PAC), and 2.0 percent (XG). However, 

for the local cassava starches optimum concentration ranged 

between 0.5 and 1.0 percent. 

3.5. Effect of Temperature on Viscosity of  

Bentonite-Polymer Mud 

For muds treated with the local cassava polymers and the 

commercial polymers, viscosities increased with increase in 

temperature. Most of the mud viscosity profiles in Figures 3 

to 8 showed slight drops in viscosities at 150°F, then an 

increase at 190°F. The starch granule hydrates and swells 

when heated in water. As the temperature increases, the 

double helices hydrogen bond in the starch gets ruptured, 

such that the starch molecule lost its crystallinity and 

continues to swell [33]. This accounted for the impressions in 

viscosity at about the 150°F. Previous report [15] also noted 

a change in viscosity profile of mud enhanced by starches at 

temperatures above 62
o
C (143.6°F). This is known as 

gelatinization temperature. Omojala et al. [34] stipulated that 

gelatinization causes viscosity to increase. After 

gelatinization, starch continues to swell in water and increase 

the weight. The polymer weight gain contributed to the 

viscosity of the bentonite drilling fluid. The local starch 

modified muds, LC, LD and LF exhibited better performance 

than two of the controls, Mud FA and Mud FC. 

3.6. Effect of Mud Aging on Viscosity of Bentonite-Polymer 

Mud 

The aging of mud has effect on the viscosity of the mud. 

This could be due to the change in chemical properties of the 

composition of the mud. Except for Mud FA, the viscosities 

for all the mud types increased after 16 hours aging, which 

was in agreement with previous report [15] on mud modified 

with starches at 16 hours aging. The molecular weight or 

polymer chain length was reported to determine the affect 

fluid viscosity [5]. The higher the molecular weight the more 

viscous the fluid. Polymer molecules hydrate and swell in 

water with time. Hydrated molecules add to the polymer 

weight as well as the viscosity of the fluid. Starch and 

cellulose base polymers in solution decompose with time, 

due to breaking apart of the molecules which lowers the 

molecular weight. In such case the viscosity is lowered. PAC 

degraded performance in bentonite mud after 16 hours aging 

was as a result of decomposition of the molecule. 

3.7. Effect of Polymer on Fluid Loss 

API maximum requirement for fluid loss for bentonite 

mud is 15ml [25]. Bentonite mud used for this study had a 

fluid loss of 18ml, which is above the API maximum. The 

polymers, PAC (Mud FA), XG (Mud FB), industrial starch 

(Mud FC), TMS 98/0581 (Mud LC) and M98/0068 (Mud 

LD) reduced the fluid loss of bentonite from 18ml to 15ml 

and below at different polymer concentrations (0.5, 1.0 and 

2.0 percent) as shown in Figure 11. At 0.5 percent polymer 

concentration, XG (Mud FB) and industrial starch (Mud FC) 

reduced fluid loss by 16.67 percent. XG (Mud FB) 

performance in fluid loss control sharply decreased with 

increase in concentration from 1.0 to 2.0 percent. Mud 

performance was best at 1.0 percent polymer concentration 

for Mud FA (11ml fluid loss), Mud FC (12.2ml) and Mud LD 

(14ml). Fluid losses for Mud LC decreased with increase in 

concentration - 0.5 percent (14.4ml), 1.0 percent (14.2ml) 

and 2.0 percent, (14.0ml). TMS 96/1632 polymer (Mud LF) 

only reduced bentonite fluid loss to just above the API 

maximum. NR8082 (Mud LG) and TME 419 (Mud LH) had 

little impact on enhancing the fluid loss property of 

bentonite. 

 

Figure 11. API fluid loss of bentonite muds at different polymer concentrations.  



18 Tubotamuno F. Harry et al.:  Application of Starches from Selected Local Cassava  

(Manihot Exculenta Crantz) as Drilling Mud Additives 

 

3.8. Mud Viscosity and Fluid Loss Models 

3.8.1. Mud Viscosity Model 

The model equations for viscosity of bentonite mud with 

local cassava polymer with a satisfactory goodness of fit and 

statistically significant coefficients are expressed as: 

Before aging, 

� = 27.79 − 0.84�� + 0.03�	 + 0.98�� − 6.63�� +

3.26�� − 52.67�� + 12.54��
	 + 900.96��

	 − 5.03�!
	 −

106.22�"
	 + 2.38�#

	                    (3) 

R
2
 = 0.910, R

2 
(adjusted) = 0.900, p<0.01. All predictors 

coefficients were significant at p<0.01. 

After aging, 

� = 34.04 − 0.89�� + 1.21�� − 7.56�� + 6.01�� − 75.87�� +

13.14��
	 + 1432.5��

	 − 5.41�!
	 − 179.17�"

	 + 3.64�#
	  (4) 

R
2
 = 0.963, R

2 
(adjusted) = 0.960, p<0.01. All predictors 

coefficients were significant at p<0.01. The effect of 

temperature was not significant to the viscosity model after 

aging. 

Where, Y - represents viscosity (centipoise) or fluid loss 

(mililitre) for mud system treated with local cassava starch. 

��  represents centred concentration, �	  represents centred 

temperature, ��  represents centred starch content, �� 

represents centred solubility index, ��  represents centred 

amylose content, ��  represents centred water absorption 

capacity, �! represents centred swelling power, �" represents 

centred pH, �# represents centred amylopectin 

From the equations (3) and (4), the increase in viscosity 

mostly depends on the increase in temperature, starch 

content, amylose content, solubility index and amylopectin of 

the local cassava starches. However, increasing the starch 

concentration, water absorption and swelling power would 

decrease the viscosity. It was stated in previous report [35] 

that increase in pH increased the rheological properties of 

mud systems. These properties are also critical to the 

viscosity of the mud, because when they are below certain 

values, the viscosity of the mud would depreciate. It was 

postulated [3] that non-Newtonian behaviour increased with 

increase in starch content or amylose content. 

3.8.2. Mud Fluid Loss Model 

The model equation for fluid losses of bentonite muds at 

80
o
F in terms of concentration and the cassava starch 

physicochemical property is expressed as: 

� = 16.25 − 0.13�� − 1.13�� + 1.16�� − 0.75�# −

2.4��
	 + 103.29��

	 + 1.09�!
	 − 20.54�"

	         (5) 

R
2
 = 0.884, R

2
 (adjusted) = 0.840, p<0.01. Except for 

concentration, all the predictors coefficients were significant 

at p<0.01. 

From equation 5, the fluid loss would decrease with 

increase in starch content, amylopectin content, solubility 

index and pH respectively. High WAC and swelling power 

increases the fluid loss in mud formulated with local cassava 

starch. Though amylose content also contributed to bentonite 

mud filtration property, previous report [9] revealed that the 

API fluid loss of mud with 25 percent amylose content starch 

was lower than 0, 50 and 75 percent amylose content. The 

improvement of filtration property of the starch was 

attributed to effective swelling. Swelling is a property of 

amylopectin molecule [3]. Ademiluyi et al. [6] observed the 

influence of amylose content and water absorption capacity 

of cassava starch on the viscosity and filtration property of 

drilling mud, however, a combination of the physicochemical 

properties of cassava starch contributed to their suitability as 

drilling fluid additive. 

4. Conclusion 

Local cassava starches used in treating bentonite muds 

acted differently in the performance of the muds. Starches 

from TMS 98/0581, TMS 96/1632, M98/0068 and TMS 

97/0057 performed comparably with commercial polymers, 

as viscosity enhancer and fluid loss control agents, in 

bentonite drilling mud. The different properties of the 

cassava starches have attributed to their performance. 

Viscosity increased with increase in rotational speed. 

Increased shearing increased polymer swelling which gave 

rise to increased viscosity of the mud types. The industrial 

starch optimum concentration before and after aging was 

0.5 percent, while the optimum concentrations for local 

cassava starches were between 0.5 and 1.0 percent. PAC 

optimum concentration in bentonite mud was between 1.0 

and 2.0 percent, while XG performed best at 2.0 percent. 

For all the mud types, viscosity initially increased with 

increase in temperature, then either decrease from 150
o
F or 

increase again at 190°F. For the starch treated muds, this 

behaviour was as a result of granules hydration and 

swelling when heated in water, a process known as 

gelatinization. The viscosities of bentonite muds treated 

with polymers were found to increase after 16 hours aging, 

except for PAC mud. The highest mean viscosities for all 

speeds, concentrations and temperatures in this study, were 

mud types formulated with TMS 98/0581 > XG > TMS 

96/1632 > M89/0068 > TMS 97/0057 > PAC > NR-8082 > 

industrial starch > TMS 30572 > TMS 98/0505 > TME 

419 > TMS 97/4779 > TMS 01/1412 in decreasing order. 

The physicochemical properties of local cassava starches 

had influence on the performance of the bentonite muds as 

drilling fluid. 
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