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ABSTRACT  

Due to residual oil trapping by strong capillary forces, oil is usually immobilized and 

subsequently left behind in the reservoir after the primary production and another fraction is 

eventually bypassed by the displacing water during waterflooding.  Either ways it is pertinent 

to remobilize the bypassed oil to improve the recovery vis a vis revenue. Enhanced oil recovery 

techniques have been employed over the years to mobilize the bypassed oil. Polymer injection 

is one of the viable chemical enhanced oil recovery processes. This work investigates the 

performance of Gum Arabic, a locally sourced water-soluble polymer in enhancing oil 

recovery. By flooding a saturated linear core model at constant flow rate using a diluted 

polymer solution of different Gum Arabic concentration, oil recovery was monitored after 

waterflooding and efficiency was determined. The research result shows gum Arabic polymer 

injection can recover additional oil up to 40%. And it was observed that higher concentrations 

of polymers are better suited for achieving higher sweep efficiency. 

 

 

KEYWORDS: Enhanced Oil Recovery, Polymer flooding, Gum Arabic, 1D core flooding, 

Recovery efficiency, Displacement efficiency, Polymer Concentration. 

 

Article Information: 

Received 9 March, 2022 

Revised 24 April, 2022 

Accepted 11 May, 2022 

Available online 01 July, 2022 

 

 

mailto:seun.taiwo@uniben.edu
mailto:seuntaiwo25@yahoo.co.uk
mailto:izuchukwu.ojukwu@hotmail.com


Taiwo, O.A. and Ojukwu, I.N. Journal of Engineering for Development, Vol. 14(2), June (2022) pp.14-24 

 

15 
 

 

1.0 INTRODUCTION 

Chemical flooding relies on the addition of one or more chemical compounds to an injected 

fluids either to reduce the interfacial tension between the reservoir oil and injected fluid or to 

improve the sweep efficiency of the injected fluid by making it more viscous, thereby 

improving the mobility ratio(Yebu et al, 2015 ; Taiwo and Olafuyi, 2015; Madugu et al, 2015; 

Taiwo et al, 2019). 

 

Polymer applications are centred on thickening of injection water with soluble polymers. By 

using either diverting agents or in the consequent improvement in mobility ratio and increased 

sweep efficiency. Water soluble polymers are added to injected water to decrease water-oil 

mobility ratio which would lead to better sweep efficiency and also more efficient oil 

displacement in the swept zone (Lake, 1989). Sweep efficiency is an important factor that, in 

conjunction with mobility ratio, acts as a yardstick in judging the extent of success of a flooding 

process. The total efficiency factor, E, represents the fraction of original oil in place at the 

beginning of a secondary or tertiary displacement process, that can be recovered (Craft et al. 

1991; Neil et al. 1983).  

 

Since oil and water are immiscible fluids, neither one can completely displace the other under 

reservoir conditions. Oil is left behind in the reservoir after waterflood either because it is 

trapped by the capillary forces (residual oil) or because it somehow gets bypassed. Residual oil 

trapped in the pores is immobilized due to strong capillary forces (Dullien, 1979). In order to 

remobilize the trapped residual oil, the interfacial tension between oil and water phases must 

be lowered to a sufficiently low value. This can be achieved by adding a surfactant to the 

injecting fluid; but recovering residual oil by this method is the aim of low-tension surfactant 

flooding (Lake, 1989). Polymer flooding can neither reduce the interfacial tension to 

sufficiently low value nor greatly increase the viscous-to-capillary force balance between water 

and oil phases in the displacement; without which the residual oil cannot be mobilized. Hence, 

the target of polymer flooding is to recover that portion of oil that is bypassed by waterflood 

but does not include residual oil (Sorbie, 1991). Even though polymer flooding cannot reduce 

the residual oil saturation (Sor), it still is an effective way to reach the Sor quickly or more 

economically (Du and Guan, 2004). 

 

In this work, we considered the use of a local Polymer, Gum Arabic for recovery of a Niger 

delta Oil.  Gum Arabic is certainly the most ancient and most well-known of all gum types. 

The unique characteristic of hydrolysed Gum Arabic being tasteless and unable to interact 

easily with other chemical compounds therefore makes it a good candidate selection for 

polymer flooding. Some of the previous research works in Enhanced Oil Recovery on Niger 

Delta Oil inc;ludes the works of Atsenuwa et al, 2014; Onuoha and Olafuyi, 2013; Kharma et 

al, 2015; O. Taiwo et al, 2016; Sean Onuoha et al, 2017; Uwari et al, 2015). In this experimental 

work, we consider the effect of polymer concentration by weight. in the injected fluid and how 

it impacts light oil recovery. 
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2.0 MATERIALS AND METHODS 

The materials and methodology including the experimental design adopted in carrying out this 

research is discussed below.  

A. Materials and Experimental setup 

i. Oil: Light mineral oil used in the experiments was obtained from a field in the Niger 

Delta with a blackish brown physical appearance. Other properties include specific 

gravity of 0.82, API gravity of 40⁰ API, viscosity is just less than 33.5 centistokes at 

40˚C, boiling point is between 260- 426⁰C, vapor pressure is just less than 0.1mmHg 

and is composed mainly of paraffins and cyclic paraffins. 

ii. Polymer: The Gum Arabic samples were obtained from different Acacia tree species 

(A. Senegal, A. Sieberiana and A. nilotica) found naturally in surrounding forests of 

Batagawara Village, Katsina state. Samples were collected from the tree barks as dry 

nodules or lumps. The crude polymer samples consisted of mixtures of large and small 

nodules admixed with bark and organic debris. Hand-picked select gum (HPSG) 

method (Sabah El-kheir et al., 2008) was used to separate the neat, quality gum from 

other constituents. The former was then dried in a laboratory oven. The dried sample 

(hard nodules) were then ground into fine powder (to pass 0.4mm mesh screen). The 

prepared samples were kept in tight containers and stored at room temperature until 

required for subsequent analysis. 

iii. Porous Medium: MO-SCI Specialty products, L.L.C. supplied Class IV Soda Lime 

Glass Spheres were used as porous media in all flooding experiments. Glass beads has 

a particle size distribution of -40 to 50 mesh and a specific gravity of 2.5.  

iv. Brine: Brine solutions were prepared with sodium chloride in 2% composition of the 

mixture using magnetic stirrer to properly disperse the salts in the continious phase of 

water. 

v. Pump: A constant flow rate Eldex optos Hp no-pulse pump was used for saturating the 

core holder with brine, mineral oil and then for polymer flooding. The pump with a 

maximum pressure of 6000psi has a fluid viscosity limit of 500cp and a flow rate range 

of 0.1 ml/mins up to 10 ml/mins 

vi. Core holder: designed to simulate linear flow 

vii. Measuring cylinder (graduated):  for collecting and measuring effluents.  

 

B. Methodology 

i. Dissolving polymers: This is a slow process which occurs in two stages. First, a gel is 

formed when the solvent molecules start to dissolve and to associate with the polymer 

chains. The second stage is strongly affected by the type of mixing. A magnetic stirrer 

was used to properly prepare the gum arabic solutions by carefully dispersing the 

samples into distilled water at a relatively constant shear rate and room temperature. To 

ascertain the effect of concentration on the recovery process, a constant volume of water 

(450ml) was mixed with several %mass of the samples ranging from 5% - 20% mass 

of the mixture. It is important to note that the intensity of the mixing shear and the time 

at a particular shear condition affects the polymer solution 
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ii. Core holder packing: The core holder was packed with Class IV Soda Lime Dry Glass 

Spheres with proper vibrating procedure to allow the entire granular material dispersed 

evenly and packed closely in the core holder. When no more glass beads could be 

loaded, the loading was stopped and the core holder was secured properly. The core 

holder now ready for brine saturation. 

iii. Brine saturation (Imbibition): After the core holder is packed with glass beads, the 

next important step was to saturate with brine. The volume of brine required to saturate 

the core holder will translate to the pore volume available in the medium. 

iv. Oil saturation (Drainage): After brine saturation (Imbibition) process, the core holder 

was flooded with oil (a drainage process) until no water is produced oil. This technique 

enabled us to determine initial oil saturation, residual water saturation  

v. Waterflooding: Water flooding was then carried out to obtain the residual oil 

saturation and breakthrough time. The residual oil saturation was calculated using direct 

method of subtracting the oil recovered from the initial oil saturation. 

vi. Polymer flooding: Flooding process continued with the injection of the prepared 

polymer solution prepared as per the procedure explained above. Polymer was injected 

at a constant flow rate of 10 ml/min. Effluents (oil + polymer ) produced were collected  

at regular intervals of 1min each and the volume of oil and polymer collected were 

measured seperately for the duration. Flooding continued until either the volume of oil 

produced was visibly insignificant. Typically the volume of polymer injected was 

approximately 1.5 PV. These processes were then repeated for the different mass 

concentrations of polymer solution. Plate 1 shows the flooding experiment in process 

 

 

 
3.0 RESULTS AND DISCUSSION 

The results from the procedures outlined in the methodology section and other laboratory 

measurements undertaken for the purpose of this research are delineated in below.  

 

A. Polymer samples concentration  

Plate 1: A picture showing the flooding experiment in process 
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Table 1: A table showing the mass of polymer and polymer concentration used in the 

flooding experiment 

Mass of Polymer(g) Volume of Water(ml) Polymer Concentration (% wt.) 

22.9 450 5.0 

34.5 450 7.5 

45.7 450 10.0 

56.8 450 12.5 

70.1 450 15.0 

79.0 450 17.5 

92.0 450 20.0 

 

The concentration results displayed in the Table 1 as above describes relationship between the 

mass of polymer in the solution and the concentration of the resulting solution. The Table 1 

shows the regular increase in the concentration of polymer used in the flooding, this is to track 

the change in rheology of the solution per change in concentration as further outlined in Table 

2 subsequently. 

 

B. Rheological test results  

The rheological test result of the Gum Arabic solutions used for core flooding experiment are 

in table 2 below. It is essential to consider the rheological properties because polymers can 

exhibit different properties during the mixing process. These variations are influenced by 

factors such as shear rate, temperature, and salt concentration.  

 

Table 2: A table showing results from rheological test of Gum Arabic polymer 

Polymer Concentration (% wt.) 5 7.5 10 12.5 15 17.5 20 

Shear rate (600rpm) 20 42 65 67 70 75 77 

Shear rate (300rpm) 20 38 55 60 65 72 75 

Apparent viscosity (cp) 10 21 32.5 33.5 35 37.5 37.5 

Plastic viscosity 0 4 10 7 5 3 2 

Yield point 20 34 45 53 60 69 73 

Specific gravity 1.22 1.23 1.24 1.24 1.25 1.26 1.26 

 

The properties outlined in Table 2 is poised to giving us a better understanding of the direct 

effect of polymer concentration on the rheology of the polymer solution, thereby strengthening 

our investigation into the relationship between the concentration of the solution and the 

efficiency of the flooding process. Table 2 clearly shows that the plastic viscosity of the 

solutions increased gradually starting from polymer solution of 5% concentration and 

continued through 7.5%, 10% and 12.5% polymer solution concentrations before experiencing 
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a drop in plastic viscosity at 15% solution concentration. This drop in plastic viscosity 

continued until the last sample of 20% polymer concentration. It is a very different case with 

the Apparent viscosity of the solutions, the results as outlined in Table 2 shows that apparent 

viscosity did not remain constant per shear stress between solution concentration of 5% to 

17.5% after which it started behaved like a Newtonian fluid between 17.5% and 20% solution 

concentrations because apparent viscosity became constant per shear stress, this is what 

informed our decision to stop experimenting at this sample class.  

 

C. Oil Recovery at different concentrations of polymer flooding 

The results of the entire flooding experiment are tabulated in Table 3 below, meanwhile 

detailed analyses of core flooding experimental result are given. 

The pore volume of the porous medium was measured using direct method by subtracting the 

volume of glass beads in a graduated measuring cylinder from the bulk volume. The 

calculations are shown below; 

Volume of cylinder occupied by glass bead = 98cc 

Density of water = 1g/cc 

Mass of cylinder = 188g 

Mass of cylinder + glass beads = 338g 

Mass of cylinder + glass beads + water (at saturation) = 371g 

Mass of water =371 –  338 = 33g    

Volume of water (pore volume) = 
33 g

1 g/cc 
=  33cc    (1) 

Porosity =  
Pore Volume

Bulk volume 
  =  

33

98
=  0.336     (2) 

Initial oil saturation volume = 30cc 

Initial oil saturation, Soi =  
30

33
=  91%     (3) 

Irreducible water saturation, Swi = 9% 

Water flooding oil recovery = 1.69cc = 56% OOIP 

Residual oil saturation, Sor = 43% 

Polymer flooding oil recovery = 0.97cc = 32%OOIP 

Recovery efficiency = 
swept volume

Initial Volume 
  = 74%     (4) 
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Table 3: A table showing results from water flooding and polymer flooding at different 

concentration 

Experiment A B C D E F G 

Polymer Concentration (% wt.) 5.00 7.50 10.00 12.50 15.00 17.50 20.00 

Pore Volume (cc) 33.0 34.0 36.0 35.0 35.0 34.0 35.0 

Oil saturation volume (cc) 30.0 31.0 32.0 31.0 32.0 31.0 31.0 

Initial Oil saturation, Soi (%) 91 91 89 88 91 91 88 

Water flooding rec. vol., (cc) 16.9 18.3 18.6 18.3 18.0 17.7 17.0 

Water flooding recovery (%) 56 59 58 59 56 57 55 

Residual oil saturation, Sor (%) 43 41 42  41 44 43 45 

Polymer flooding rec. vol., (cc) 9.7 10.5 11.5 11.0 12.7 12.0 12.0 

Polymer flooding recovery (%) 32 33 36 36 40 39 39 

Recovery efficiency (%) 74 80 85 88 91 91 87 

 

The results in Table 3 above include the measured and calculated outcomes of the flooding 

experiments done using each of the polymer solution concentrations from 5% through 20%. 

The second and last rows clearly define our objective for this research work, however the row 

in between them show exactly how our results are achieved.   

The third row in Table 3 represents the results of the imbibition process carried out in the 

methodology, the outcome of this is reported as the pore volume of the distinct cores used in 

flooding each respective concentration of solution. The immediate next row reports the results 

of the drainage or oil saturation procedure described in the methodology of this experiment. 

The resulting oil saturation volume was used in calculating the Initial Oil Saturation Soi of each 

distinct core used in flooding each respective concentration of polymer solution which is 

tabulated on the next immediate row. The Soi is an integral parameter in estimating the recovery 

efficiency of each flooding experiment. 

The waterflooding recovery results are outlined in the sixth and seventh row in the Table 3, 

and the average recovery is about 57% of the initial oil saturation volume, where the highest is 

59% and the lowest is 55% recoveries, it is important to know the volume recovered after 

waterflooding; that is the only way to estimate the residual oil saturation volume saturation 

which is tabulated in the row after that. The last three rows show the results of the polymer 

flooding using different concentration of polymer solution. The penultimate row shows the 

percentage recovery of the initial oil saturation volume by the polymer flooding otherwise 

known as incremental recovery, while the last row shows the efficiency of the entire polymer 

flooding experiment. The table further shows that the incremental recovery is highest for 

polymer flooding of 15%wt. of polymer concentration and least for polymer concentration of 

5%wt. Altogether, the average recovered volume for incremental recovery by polymer flooding 

is about 36% of initial oil saturation.  
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Figure 1: A bar chart showing the relationship between polymer concentration, recovered 

volume and recovery efficiency. 

 

The results as displayed in a bar chart in Figure 1, the various polymer concentrations show 

that there is an ascending increase in recovery efficiency for the polymer flooding of 5% Gum 

Arabic concentration to about 15% concentration. Then between 17.5% and 20% 

concentrations there is a sort of double top, this indicates a period where there is little to no 

difference in increase of recovery efficiency of the polymer flooding exercise per concentration 

change. This is a very narrow window of which the effective viscosity for the change in 

polymer concentration at a given similar flowrate is nearly equal. This therefore translates that 

viscosity is not uniform per shear stress. This indicates a strong characteristic behavior of non-

Newtonian fluids. It is no coincidence that this concentration window resulted in the highest 

oil recovery from the residual oil because according to (Dongmei, 2013) injecting in higher 

polymer concentration results in higher injection pressures and thereby increases enhanced oil 

recovery as well as reducing injectivity time. Meanwhile there was a decline in recovery 

efficiency subsequently. This ascertains the effect of concentration on the viscosity of the 

polymer and hence the improved performance. Also the injection rate of polymer is of great 

significance in controling viscous fingering of polymer and relatively low recovery due to early 

breakhrough time.  

Immediately after that window, it is observed as shown by the curve in Figure 2, that there is a 

decline in recovery efficiency for a gum Arabic concentration of 20% by wt. of injected fluid. 

Taking this flooding at this concentration into consideration it is observed that as polymer 

pushed ahead through the porous media, there were two distinct zones; the first one was a 

partially swept zone with variable degree of fingering compared to flooding at lower 

concentration or polymer type, characterized by the front propagating forward, while other one 

was a more stable zone characterized by more stable fronts. The drop in recovery efficiency 

could be attributed to the blockage of pore spaces caused by high concentration of polymer. 

(Ojukwu et al, 2018) 

A similar procedure was attempted for xanthan gum in (Yebu et al, 2015) to assist in making 

proper comparison  between the two polymers, but its flow through the porous media was 
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impeded due to its high viscosity and shear thinning characteristics which makes it technically 

difficult to control its viscosity variation. On reducing the concentration used, a longer flooding 

time of approximately 1 hour was observed with relatively minimum variation in recovery as 

the 5 and 10% concentration respectively. 

 

D. Optimum Polymer Concentration  

A critical parameter defining the success of a polymer flooding operation could be the 

concentration of polymer injected for the amount of oil produced. The concentration of 

polymer required to produce a fixed pore volume of oil is also correlated well with the elasticity 

of polymer solution.  

 
 

 

Figure 2: Graph showing polymer flooding recovery efficiency per polymer concentration by 

weight. 

 

The graph in Figure 2 clearly displays the relationship between polymer concentration and 

recovery efficiency. Higher concentrations of polymers are better suited for achieving higher 

sweep efficiency with stable displacement fronts, and this is because higher concentrations 

results in higher fluid viscosity. As seen on the graph there is a peak polymer concentration 

above which there is no longer any increase in recovery, this the optimum polymer 

concentration. Injecting fluid concentrations above that is not advisable as it a waste of time, 

money and an impedance on the overall operation. 

It is very significant to note that the overall viscosity of Gum Arabic polymer is of greater 

importance than the rheology. It determines the mobility ratio and recovery efficiency of the 

oil in the core holder. The polymer concentration does not lower residual oil saturation but 

alters the property of the injected fluid to act as a mobility controlling agent thereby mobilizing 

residual oil.  
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4.0 Conclusions 

Results from these experiment can be summarized and the following conclusions drawn: 

i. The use of Gum Arabic as a polymer for Enhanced oil recovery processes has 

experimentally proven in the laboratory. The results above obtained from the core 

flooding experiments show that a fraction of the residual oil saturation can be recovered 

by flooding the core with Gum Arabic solutions at a constant controlled flow rate. 

ii. An increase in concentration of Gum Arabic solution would recourse to an increased 

recovery and relatively means a reduce flooding time and therefore a reduced net 

operation expenditure or cost. 

iii. There is a correlation between the volume of oil produced during flooding and the 

viscosity of inject polymer. This is because the viscosity is directly affected by the 

concentration of the solution in the manner that a Non-Newtonian fluid would do. The 

higher the viscosity of polymer sample, the lower the volume of polymer solution 

needed to be injected to produce a fixed volume of oil. 

iv. An increase in concentration of Gum Arabic beyond the 17.5% wt. would result 

decrease in recovery efficiency, the mechanism behind this according to (Ojukwu et al, 

2018) in blockage of the pore spaces, hence, affect the overall efficiency the flooding 

process and its recovery. Also the use of an optimum flow rate to provide a piston-like 

displacement and reduce viscous fingering of the polymer. 
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