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Abstract 

Crude oil production and transportation is plagued by several flow assurance issues especially in offshore environment 
with prevailing low temperature. One of the flow assurance challenges is the deposition of paraffin wax which usually 
changes the crude oil flow from Newtonian fluid flow to non- Newtonian fluid flow with increased viscosity. This 
increased viscosity can impede flow causing the installation of high horsepower pumps for fluid flow. In severe cases, 
paraffin wax has plugged the pipes and caused production disruption. It is therefore imperative to manage paraffin 
disposition in crude samples containing paraffin compounds (C18+). This research discusses the use of varying 
concentrations of Polyethylene Butene (PEB) in managing wax precipitation at various temperatures (10 C to 35 C) 
at a constant shear rate of 511(s-1). The reduction in crude oil temperature increased the shear stress in all experiments 
conducted. It was discovered that the increasing concentration of PEB from 500ppm to 5000ppm had a sinusoidal effect 
on reducing the shear stress. 500ppm of PEB effected a 19% reduction in shear stress, while 5000ppm effected a 35% 
reduction in shear stress. It is important for the engineer to make the choice of inhibitor concentration based on the 
degree of shear stress reduction required to optimize inhibitor usage.  
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1. Introduction

Pipelines as a means of transporting crude oil from the producing field to the treatment station or the refinery is 
relatively inexpensive, effective, and environmentally convenient. Pipelines have been widely used in the gathering 
process at the oilfield and for downstream fuel supply.  

During offshore transportation, paraffin precipitation may occur due to temperature loss to the surroundings. The 
precipitation of waxes from petroleum mixtures at low temperatures is an important flow assurance problem in oil 
production as it can cause economic losses which may even lead to abandoning wells (Ferworn et.al 1997).  

The wax present in petroleum crudes primarily consists of paraffin hydrocarbons known as paraffin wax and 
naphthenic hydrocarbons. These molecules can be either straight or branched hydrocarbon chains and can contain 
some cyclic and/or aromatic hydrocarbons (Huang et al, 2016). Hydrocarbon components of wax can exist in various 
phases either gas, liquid or solid depending on their temperature and pressure. When the wax freezes, it forms crystals. 
The crystals formed of paraffin wax are known as macrocrystalline wax (Figure1). Those formed from naphthenes are 
known as microcrystalline wax (Figure 2). 

A collection of normal paraffins with 16 or more carbon atoms (C≥16) form crystalline solid substances at cloud point, 
are known as wax (Ragunathan et al, 2020). The severity of the wax deposition problems depends on type of oil and the 
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molecular composition of the wax molecules. The waxes in crude oils are often more difficult to control when compared 
to condensate, because the alkane chains are often longer in the crude oil than in the condensate, which consists of 
lighter hence shorter hydrocarbons.  

 

Figure 1 Macrocrystalline (Mansoori, 2009) 

 

 
 

Figure 2 Microcrystalline (Mansoori, 2009) 

Wax causes artificial blockage in flow path, leading to a reduction or interruption in production. In extreme cases, this 
can cause a pipeline or production facilities to be abandoned (Tao, et al, 2008). Downhole, wax deposition also leads to 
formation damage near the wellbore, reduction in permeability, changes in the reservoir fluid composition and fluid 
rheology due to phase separation as w ax solids precipitates (Sandyga, et al, 2020). One of the important issues to be 
noted is that the wax deposit is not just solid wax but a gel that consists of solid wax crystals and trapped liquid. This 
blockage chokes the production lines thereby reducing the oil production to uneconomical levels. Apart from the 
reduced flow, shutdowns are necessary to apply various treatment techniques to deal with the problem (Theyab, 2020), 
causing loss in revenue. Additionally, blockage caused by asphaltene deposition along the walls of the pipeline, reduces 
the accessible cross-sectional area for oil flow, which will induce a rise in the pressure drop and a reduction in the flow 
rate (Filippo, 2011).  

Wax appearance on the pipe wall both surface and subsurface is inevitable because pipeline crude runs thousands of 
kilometers offshore characterized by low temperature which in turn affects the rheological properties of the crude 
(viscosity, density, gel strength etc.). An increase in fluid viscosity corresponds to an increase in density, thereby 
reducing flow rate which resulting to pressure abnormalities (pressure drop). This blockage chokes the production lines 
thereby reducing the oil production to uneconomical levels. Industrial experts have made considerable effort to 
remediate wax deposition downhole and on surface by employing several methods like mechanical pigging (Aslanov et 
al, 2019) which has proven to be expensive due to pigging frequency (Towler et al, 2011). Other techniques that have 
been used to manage gas hydrates include: thermal (Nysveen et al, 2005)., bacterial (Asma, 2007), chemical (Odutola 
and Idemil, 2020, Odutola and Allaputa 2020,) and electromagnetic treatments (Tung et al, 2001). 

In practice, the use of a single method is not effective and therefore a combination of these methods is applied (Becker, 
2000). Among the different treatments, the use of chemical inhibitors has increased in the oil industry although chemical 
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inhibitors may give different results for wells draining from the same reservoir causing the application of different 
chemical to be restricted to specific wells. The main variables used in evaluating wax precipitation are Wax Appearance 
Temperature (WAT), the amount of precipitated solid as a function of the Wax Precipitation Curve, (WPC), pour point, 
and gel point. The knowledge of these variables is crucial to estimate wax precipitation potential and to determine the 
best strategy to control and mitigate the problem. 

Although there is limited literature on the effect of nanoparticles on Niger Delta waxy crude shear stress, Odutola and 
Idemili (2020) reported the effect of the blend of PEB and Nano Al2O3 on waxy crude viscosity; Odutola and Allaputa 
(2020) studied the effect Nano Al2O3 on the viscosity of Niger Delta crude oil and Balogun et al (2021) studied the effect 
of PEB and Nano ZnO on Niger Delta waxy crude viscosity. 

This work seeks to economically mitigate wax deposition problem by evaluating the effect of polyethylene butene and 
xylene on the shear stress of the crude at varying temperature. Fluid shear stress refers to the unit area amount of force 
that acts on a given fluid parallel to a small element of the surface. For a fluid to resist shear stress, it must be in motion. 
In Newtonian fluids, the shear stress is proportional to the shear strain rate. However, this is not true for non-Newtonian 
fluids like waxy crude.  

This study evaluates the effect of the PEB on the shear stress of a Niger Delta waxy crude sample at a constant shear 
rate with varying fluid temperature. 

2. Material and methods 

The materials used in this study include Niger Delta crude oil sample, Xylene, Polymer – polyethylene butane (PEB) and 
ice block as a coolant. 

Equipment used in this study include a Znd d12 speed rotary viscometer for measuring the viscosity of the fluid, a 
hydrometer for measuring crude sample specific gravity, a mixer for blending the inhibitor with the crude sample; 
measuring cylinders and syringe for measurement; thermometer, water bath, electronic weighing balance and 
stopwatch. 

A practical approach was adopted, it involved determining the rheological properties of a blank crude sample and 
comparing it with the effect of polymer-polyethylene butane (PEB) on the crude sample. 

2.1. Procedure 

The chromatogram of the crude was carried out to analyse the various compounds in the crude sample. Gas 
chromatogram is used to separate different components of a mixture to know various petroleum fluid mixtures for 
analysis. The crude specific gravity was measured using a hydrometer. The density and the API gravity were estimated 
using the equations: 

ᵞo = ρo / ρw  …………….(1) 

Where, ᵞo = specific gravity of oil 
𝜌o = density of oil  
𝜌w = density of water = 1Ib/ft3 

 The API gravity is obtained using this equation: 

API = 
141.5

𝛾
 - 131.5     …………..(2) 

Four different concentrations of Poly (ethylene-butene) (PEB); 500ppm, 1000ppm, 2000ppm and 5000ppm solution 
were prepared by mixing 0.02ml, 0.04ml, 0.08ml and 0.2ml of the polymer respectively in 40ml (for each concentration) 
of xylene which was used as the solvent, at continuous stirring in a mixer at 1500rpm for 30mins. A fixed volume of 
3mls for each inhibitor concentration was used in each experiment conducted with xylene and PEB.  
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3. Results and discussion 

The physical properties of the Niger Delta crude sample are as shown in Table 1. The API gravity of 43 indicates the 
crude is a light crude however, the crude sample chromatogram (Figure 3) indicated a high proportion of waxy 
compounds with carbon chain 18 and above. This implies that at the wax appearance temperature (WAT), wax crystals 
will precipitate out of the crude sample and when not managed, will cause crude gelation, and increase in the crude 
viscosity. 

Table 1 Physical Properties of the Blank Crude 

Temperature ( ºC) 28 

Density (1b/ft3) 50.544 

Specific Gravity 0.81 

API Gravity 43.191 

 

 

Figure 3 Chromatogram of the Niger Delta crude sample 

At a constant share rate of 511(s-1), the shear stress was measured at varying temperatures of 10 to 35 C for blank 
crude sample (Figure 4). Notice that at low temperature of 10 C, the shear stress was the highest at 37mPa. At the 
highest temperature of 35 C, the shear stress was the lowest with a value of 3mPa. Notice that the shear stress of the 
blank crude for temperatures 35 C and 30 C was the same value of 3mPa, the crude sample is still Newtonian at these 
temperatures. This is because these temperatures are above the wax appearance temperature, no wax crystals had 
formed in the crude sample and there was no change in viscosity. As the crude temperature decreased to 25 C, the 
shear stress increased to 6.6 mPa, implying that the crude sample had reduced below the WAT and wax crystals have 
started precipitating, causing resistance to easy fluid flow, and increasing the shear stress. The shear stress 
progressively increased with decreasing temperature of after the WAT was attained between 25 C and 30 C. This 
increase in shear stress was due to causing the precipitation and growth of wax crystals. 

The amount of wax precipitated increased with the decrease in temperature as indicated by the rising shear stress from 
crude oil gelation.  
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Figure 4 Graph of Shear Stress of Blank Crude Against Temperature 

To evaluate the effect adding PEB to the crude oil shear stress at varying temperatures, the plot of the temperature 
against shear stress for experiments conducted with 500ppm, 1000ppm, 2000ppm and 5000ppm of PEB/xylene 
mixture at a shear rate of 511 s-1 is shown (Figure 5).  Notice that in all experiments conducted with PEB, the shear 
stress progressively increased as the crude temperature decreased.  This is seen significantly as the crude oil 
temperature is cooled below 30 ℃, implying that wax crystal precipitation commenced as crude oil temperature is 
cooled below 30 ℃ . The shear stress was the highest with a value of 37.0 mPa at 10 C, the lowest temperature 
considered in this study. The rise in shear stress is an indication of rapid precipitation of wax crystals in the fluid which 
causes resistance to flow and hence, increases the fluid shear stress. 
 

 

Figure 5 Shear stress versus temperature for crude oil with varying concentration of PEB 

The PEB/xylene inhibitor reduced the shear stress of the crude oil and this was very evident at cold temperature of 15 
℃ and 10 ℃. At the temperature of 10℃, the shear stress reduced from 37mPa to 30 mPa with the addition of 500ppm 
of PEB/xylene mixture. However, further increasing the concentration of the PEB/xylene inhibitor to 1000ppm was less 
effective as the reduction in shear rate was less (from 37 mPa to 32 mPa). This implies that the effective inhibitor dosage 
had been exceeded. Increasing the concentration of PEB to 2000ppm further increased the shear stress to 39 mPa. As 
the inhibitor concentration is increased to 5000ppm, the shear stress is further reduced to 24 mPa.  

The percentage shear stress reduction is computed at crude oil temperature of 10 C using the following expression: 

Percentage reduction (%) = 
𝜏𝑏𝑙𝑎𝑛𝑘−𝜏𝑑𝑜𝑠𝑒𝑑

𝜏𝑏𝑙𝑎𝑛𝑘
 × 100  ………..(3) 
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Figure 6 Degree of shear stress reduction 

The inhibitor effect on shear stress reduction is depicted graphically in Figure 6. Notice that 5000ppm of PEB/xylene 
mixture contaminant gave the most significant reduction in shear stress for the concentrations considered in this study. 
To make the right inhibitor choice, it is imperative to select the most effective inhibitor concentration with the least 
volume which is 500ppm. Although it does not inhibit as much as 5000ppm, 10times less inhibitor is used in achieving 
19% shear rate reduction. This is an economic decision. The engineer should be able to decide if proceeding with 10 
times more volume of inhibitor to achieve an additional 16% reduction in shear stress will be profitable to the company. 
However, if at 500ppm and 19% reduction in shear rate, the fluid can flow effectively, it is best to select the less volume 
inhibitor. 

4. Conclusion 

Based on analysis on the effect of PEB polymer on the shear stress of Niger Delta crude investigated, it was observed 
that as temperature increased, there was a reduction in the shear stress of the crude thereby increasing the flow ability 
of crude. At lower temperatures it was observed that the blank crude had a higher shear stress and will experience flow 
resistance due to wax appearance and increased shear stress. The use of PEB was effective at reducing the shear stress. 
The best inhibitor concentration in this study based on its performance and the economic implication was 500ppm PEB. 
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