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Introduction
The current work is a study of wax deposition, a phenomenon that 

is one of the main flow assurance problems faced by the oil industry, 
affecting numerous oil companies around the world. Wax deposition 
can result in the restriction of crude oil flow in the pipeline, creating 
pressure abnormalities and causing an artificial blockage leading to a 
reduction or interruption in the production. However, in an extreme 
case, this can cause a pipeline or production facility to be abandoned. 
The 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 wax solid precipitates. 
One of the important issues to be noted is that the wax deposit is not 
solid wax, but a gel that consists of solid wax crystals and trapped 
liquid. The deposit is also known to harden with time in a process 
termed aging.1,2 The precipitation of wax components out of the oil 
is responsible for changes in the waxy crude oil properties, including 
the gelation of oil and an increase in viscosity.3 Wax contains a high 
molecular weight n-Paraffin and consists of long chain alkanes with 
20 to 50 carbon atoms.4 Wax can precipitate as a solid phase when the 
crude oil temperature drops below the wax appearance temperature 
(WAT): the temperature at which the first wax crystals start to form 
in the crude oil in a cooling process.5–7 Wax can precipitate and arises 
when paraffin components in crude oil precipitate and deposit on the 
cold pipeline wall when the inner wall temperature (inlet coolant 
temperature) drops below the wax appearance temperature. 

The main factor that affects the wax deposition process is the 
low temperature, which means that subsea pipelines are especially 
vulnerable. Therefore, wax deposition prevention becomes very 
important in deep- water oil production. Wax deposition in crude oil 
production systems can be reduced or prevented by one or combination 
of chemical, mechanical, and thermal remediation methods. However, 
with the advent of extremely deep production, offshore drilling and 

ocean floor completions, the use mechanical and thermal remediation 
methods becomes prohibitive economically, as a result, use of 
chemical additives as wax deposition inhibitors is becoming more 
prevalent.8 The thermal methods include heat retention, active heating 
such as thermal insulations, bottom hole heaters, hot oil circulation and 
steam circulation. The mechanical removal method includes running 
scrappers in the borehole and pigging in pipelines at an intervention 
frequency. The chemical inhibitors include pour point depressants 
(PPD), crystal modifiers, dispersants and solvents. Occasionally 
in the literature wax deposition is referred to interchangeably with 
wax precipitation, but the two are in fact different concepts.3 Wax 
deposition refers to the formation of a layer of separate solid phase 
and the eventual growth of this layer on a surface in contact with the 
crude oil. Wax deposits can be formed from an already precipitated 
solid phase (wax) through mechanisms of shear dispersion, gravity 
settling and Brownian motion, or from dissolved wax molecules 
through a molecular diffusion mechanism.9

The precipitated wax molecules near the pipe wall start to form 
an incipient gel at the cold surface. The incipient gel formed at the 
pipe wall is a 3-D network structure of wax crystals and contains a 
significant amount of oil trapped within it. The incipient gel grows as 
time progresses and there are radial thermal and mass transfer gradients 
as a result of heat loss to the surrounding area, as shown in Figure 
1.6 This work describe several factors that affect and control the wax 
deposition process in pipelines, such as pipe wall temperature (inlet 
coolant temperature), crude oil composition, crude oil temperature, 
ambient temperature, flow rate, thermal history, time and pressure. 
Where, wax deposition increases with an increase in the temperature 
difference between the bulk of the wax solution and the cold surface 
of the pipe).10 It is occur when the surface temperature is below both 
the solution temperature and the solution cloud point. Alternatively,11 
stated that the crude oil composition is one of the main factors that 
significantly impacts wax deposition nd is responsible for the pour 
point and viscosity reduction. The composition of crude oil comprises 
a mixture of molecules of different natures, there are light molecules 
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Abstract

Crude oil transportation in the pipelines of the cold environment is affected by the 
low temperature causing a problem such as wax deposition. The flow assurance in the 
hydrocarbon pipelines is very important due to the precipitation of the solid phase of 
wax on the pipe wall creating pressure abnormalities and causing an artificial blockage 
leading to a reduction or interruption in the production. Wax can precipitate as a 
solid phase on the pipe wall when its temperature (inlet coolant temperature) drops 
below the wax appearance temperature (WAT). In this review, wax deposition process 
is discussed. Also, proposed wax deposition mechanisms are outlined including 
molecular diffusion, shear dispersion, Brownian diffusion and gravity settling. 
Furthermore, the factors affecting the wax deposition process are explained, such as 
pipe wall temperature (inlet coolant temperature), crude oil composition, crude oil 
temperature, ambient temperature, flow rate, thermal history, time and pressure. There 
are several mitigation methods were used in the different oil fields around the world to 
reduce wax deposition such as pigging, inhibitors and thermal insulation.
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like methane that are responsible for solid hydrate formation at high 
pressure and low temperature and heavy molecules such as long linear 
alkanes and isoparaffins that tend to change phase at low temperature 
in the phase of both macro and microcrystalline solids.

Figure 1 Wax deposition process in the hydrocarbon pipeline.46

Furthermore, the experimental time is considered to be one of the 
important factors that influence wax deposition inside the pipelines, 
where wax deposition increased by increasing the operation time,12–17 
due to more and more paraffin being deposited from the fresh crude 
oil on the hydrocarbon pipeline, providing a greater opportunity for 
deposition upon the cold surface.15 On another hand, wax deposition 
increases with decreasing flow rate. This can be explained by the 
availability of more particles for deposition at the surface. As the flow 
rate increases to turbulent regimes, wax deposition decreases because 
shear dispersion increases. Thus, wax deposition gradually decreases 
as turbulence and flow rate increases. Moreover, the pressure drops 
during oil production from the reservoir to the surface facilities. Lighter 
hydrocarbons in the reservoir tend to be the first to leave the reservoir 
as the pressure falls; hence, the solubility of the wax is reduced. The 
WAT increases with the pressure above the bubble point pressure, for 
a constant composition. This phenomenon implies that an increase 
in the pressure in the single-phase liquid region (above the bubble 
point pressure) will aggravate wax deposition. It is evident that during 
deposition, wax crystals adhere to the pipe surface; so wax deposition 
can also be a function of surface properties. As the paraffin wax is 
deposited on a surface, it is held in place by adsorption forces. These 
adsorption forces are dependent on the free surface energy of both the 
paraffin and the surface.18 The deposits do not adhere to the metals 
themselves but are held in place by surface roughness.19 In this study, 
the mechanisms of wax deposition have been proposed to describe the 
formation of wax deposits on pipe walls. These mechanisms includes 
molecular diffusion, where wax start to deposit due to the diffusion 
of the dissolved molecules of the waxy components toward the pipe 
wall; shear dispersion mechanism illustrates the deposition of wax by 
the dispersion of the precipitated particles of the waxy components 
toward the pipe wall; Brownian diffusion mechanism describes wax 
deposition by the diffusion of the precipitated particles toward the 

wall; the diffusion of the precipitated particles is caused by Brownian 
motion; and gravity settling mechanism responsible for the wax 
deposition due to the settling of the precipitated particles of the waxy 
components toward the bottom of the pipe.

Material and methods
Many types of crude around the world contain dissolved waxes 

that can precipitate and deposit under the appropriate environmental 
conditions, leading to decrease production rates, equipment blockages, 
production shut down and creating other problems. Therefore, wax 
deposition must be mitigated in first place and must be removed when 
it already deposited. Wax deposition in crude oil production systems 
can be reduced or prevented by one or a combination of the mitigation 
methods such as chemical, mechanical and thermal mitigation 
methods.20 Wax deposition is highly impacted by temperature; 
therefore thermal methods can be applied to eliminate the problem. 
Thermal methods include heat retention, active heating and use of 
suitable exothermic chemical reactions. Thermal insulations, bottom 
whole heaters, hot oil circulation, steam circulation and on demand 
‘intervention’ heating are appropriate for deep waters. Mechanically, 
Scrapers and cutters are used extensively to remove wax deposits 
from tubing because they can be economical and result in minimal 
formation damage. The mechanical removal method includes running 
scrappers in the borehole and pigging in pipelines at an intervention 
frequency. For deep waters, frequent intervention is not possible due 
to the long distance of the flow pipeline. With the advent of extremely 
deep production, offshore drilling and ocean floor completions, the 
use of the mechanical and thermal remediation methods has become 
economically prohibitive, as a result, the use of chemical additives as 
wax deposition inhibitors is becoming more prevalent12 due to the long 
distances covered by hydrocarbon flow lines; therefore, the chemical 
additives are the best solution for wax deposition in pipelines. To 
remove wax deposition chemically, solvents may be used to treat 
deposition in production strings and also may be applied to remediate 
formation damage. Chemical inhibitors have been used to reduce 
or prevent wax deposition in crude oil production. These inhibitors 
can be divided into four types: pour point depressants (PPD), crystal 
modifiers, dispersants and solvents.

Discussion
This section list and illustrates the main factors that affect and 

control the wax deposition process such as temperature differential 
and cooling rate, crude oil composition, experimental time, flow 
rate, pressure and pipe surface properties. Furthermore, describes the 
mechanisms that have been proposed to describe the formation of wax 
deposits on pipe walls, includes molecular diffusion, shear dispersion, 
Brownian diffusion and gravity settling.

Factors affecting the wax deposition process

Several factors affect and control the wax deposition process in 
pipelines, such as pipe wall temperature (inlet coolant temperature), 
crude oil composition, crude oil temperature, ambient temperature, 
flow rate, thermal history, time and pressure.21–28 Lab and field data 
shows that some of the most dominant factors in the deposition of 
waxes are:

Temperature differential and cooling rate

Wax deposition increases with an increase in the temperature 
difference between the bulk of the wax solution and the cold surface. 
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Wax deposition will only occur when the surface temperature is 
below both the solution temperature and the solution cloud point. The 
impact of pipe wall cold surface (inlet coolant temperature) on wax 
deposition has been studied and reported in many recently-published 
papers, where it is considered as one of the main factors to affect wax 
deposition.27–29 The main conclusion in these works was that the inlet 
coolant temperature plays an important role in the wax deposition 
process; decreasing the inlet coolant temperature will increase the 
wax deposition, even when the crude oil temperature is above the wax 
appearance temperature. Initially, the rate of wax deposition is high, 
but it slows down as more wax is deposited on the pipe surface. The 
thickness of the wax layer increases and this layer acts as thermal 
insulation and reduces the effective temperature differential. This 
lowers the availability of wax crystals for further deposition.18 The size 
and number of crystals formed are also important for wax deposition. 
At a higher rate of cooling, the wax precipitates out of the oil in 
smaller crystals and a large number of crystals are formed because 
of the large number of crystallisation sites available. At a lower rate 
of cooling, the crystallisation process is more uniform. Thus, more 
uniformly packed crystals are formed that possess a relatively small 
surface area and free energy. The temperature differential also affects 
the composition of the deposited wax; if it is high, cooling is rapid 
and both lower and higher melting waxes crystallise simultaneously, 
forming a weak porous structure (owing to mal-crystallisation) with 
cavities full of oil.30

Crude oil composition

Stated11 that the crude oil composition is one of the main factors 
that significantly impacts wax deposition and is responsible for the 
pour point and viscosity reduction. The composition of crude oil 
comprises a mixture of molecules of different natures: there are 
light molecules like methane that are responsible for solid hydrate 
formation at high pressure and low temperature and heavy molecules 
such as long linear alkanes and isoparaffins that tend to change phase 
at low temperature in the phase of both macro and microcrystalline 
solids. There is also a transition towards more polar compounds 
due to the appearance of aromatic compounds and the presence of 
heteroatoms (oxygen, sulphur and nitrogen) in the fractions known as 
resins and asphaltenes31–34 mentioned in their literature review that the 
amount of deposited wax is impacted by the concentration of paraffin, 
light ends, and nucleating or inhibiting materials in the crude oil. 

Experimental time 

The experimental time is considered to be one of the important 
factors that influence wax deposition inside the pipelines.21–28 Wax 
deposition increased regularly during the first two hours of running the 
experiments in the lab rig because most of the dissolved paraffin in the 
crude oil was deposited on the pipe wall, but despite the reduction in 
the paraffin content in the crude oil, the wax deposit increased slightly 
with increasing experimental time. In the oil fields the wax deposition 
increases regularly due to more and more paraffin being deposited 
from the fresh crude oil on the hydrocarbon pipeline, providing 
a greater opportunity for deposition upon the cold surface. Lab rig 
studies have shown that a thermal pseudo-steady state is attained in 
less than 30 minutes during deposition from wax solvent mixtures 
under laminar and turbulent conditions.21–24 Laboratory studies have 
also shown a negligible increase in the mass of the deposit after 4 
hours21 due to most of the wax molecules in the crude oil having been 
deposited on the pipe wall.

Flow rate

In laminar flow, wax deposition increases with decreasing flow 
rate. This can be explained by the availability of more particles for 
deposition at the surface. As the flow rate increases to turbulent 
regimes, wax deposition decreases because shear dispersion increases. 
Thus, wax deposition gradually decreases as turbulence and flow rate 
increases. Shear dispersion is predominant in turbulent flow in all 
stages. The flow behaviour in a flowing stream is described by the 
Reynolds number; above 2,000 this is often considered to be turbulent 
flow. The nature of the wax crystals is to adhere to the pipe surface 
with good cohesion among them; therefore, increasing the flow rate 
leads to breaking wax crystals up into smaller particles, reducing the 
rate of wax deposition and preventing it by minimising wax adhesion 
to the pipe wall. On the other hand, the wax that deposits at higher 
flow rates is harder and more compact due to only those wax crystals 
and crystal clusters being capable of firm attachment to the surface 
and these will not be removed from the deposit.35 Wax deposition 
is found to be problematic in low-flow-rate wells. Low flow rates 
generally affect wax deposition because of the longer residence time 
of the oil in the tubing. This increased residence time permits more 
heat loss and leads to a lower oil temperature, which in turn leads 
to wax precipitation and deposition. The minimum flow rate in the 
experimental rig to avoid deposition has been proposed to be 0.56 ft/
sec.

Pressure

The pressure drops during oil production from the reservoir to 
the surface facilities. Lighter hydrocarbons in the reservoir tend to 
be the first to leave the reservoir as the pressure falls; hence, the 
solubility of the wax is reduced. The WAT increases with the pressure 
above the bubble point pressure, for a constant composition. This 
phenomenon implies that an increase in the pressure in the single-
phase liquid region (above the bubble point pressure) will aggravate 
wax deposition. The situation is different below the bubble point, 
where the oil has a two-phase constitution. The WAT decreases with 
an increase in the pressure up to the bubble point pressure owing 
to the dissolution of light hydrocarbon back into the liquid phase. 
Therefore, the dissolution of light hydrocarbons caused by variations 
in pressure directly affects wax deposition.34 Stated that pressure is 
not considered an important factor for wax deposition, especially for 
dead or stock tank oil; but despite this, it should not be neglected. 
The pressure helps to reduce the wax deposition due to increasing the 
solubility of the wax in crude oil.

Pipe surface properties

It is evident that during deposition, wax crystals adhere to the pipe 
surface; so wax deposition can also be a function of surface properties. 
As the paraffin wax is deposited on a surface, it is held in place by 
adsorption forces. These adsorption forces are dependent on the free 
surface energy of both the paraffin and the surface). The deposits do 
not adhere to the metals themselves but are held in place by surface 
roughness.19 There is no direct correlation between wax deposition 
and surface roughness. However, the adhesion bond at a surface 
should be proportional to the total contact area and therefore related 
to surface roughness.36 Wax molecules move toward via diffusion and 
adhere at the wall. The rate of adhesion is largely governed by the 
temperature difference between wall and fluid.26 Low friction internal 
pipe surfaces will also discourage deposition, if not precipitation, as 

http://dx.doi.org/10.15406/oajs.2018.02.00054


Citation: Theyab MA. Wax deposition process: mechanisms, affecting factors and mitigation methods. Open Access J Sci. 2018;2(2):109–115.  
DOI: 10.15406/oajs.2018.02.00054

Wax deposition process: mechanisms, affecting factors and mitigation methods 112
Copyright:

©2018 Theyab 

wax crystals can only adhere to pipe walls if they have a sufficiently 
large coefficient of friction. The cohesive strength of sample wax 
deposits is of little consequence if they do not adhere well to the pipe 
wall. Field reports suggest that wax deposits’ adhesive strength is at 
least equal to their cohesive strength and they cling tenaciously to the 
pipe wall. When casting pure macrocrystalline wax onto a steel pipe 
wall under laboratory conditions, however, this is not the case. The 
wax adheres so poorly to the steel that a negligible force is required 
to cause gross fracture at the steel/wax interface. If a wax model 
is to be found that can provide robust testing of removal concepts, 
it needs to allow cohesive failure of simulated deposits. That is, it 
needs to stick well to the pipe wall.26 It can be concluded that, at the 
very least reduced pipe diameter and increased surface roughness 
creates a larger pressure drop and reduced throughput; at the worst, 
wax deposits can be so severe that the pipe is blocked and production 
ceases completely.

Wax deposition mechanisms

Wax deposition is conceptually similar to other deposition 
mechanisms encountered in the engineering and medical fields, 
such as crystallisation fouling, frost formation and atherosclerosis. A 
number of mechanisms have been proposed to describe the formation 
of wax deposits on pipe walls. These mechanisms initially proposed 
by37 and then by,9–14 includes molecular diffusion, shear dispersion, 
Brownian diffusion and gravity settling.

Molecular diffusion 

For all flow conditions, oil will be in laminar flow, either throughout 
the pipe, or in a thin laminar sub-layer adjacent to the pipe wall. When 
the oil is being cooled, there is a temperature gradient across the 
laminar sub-layer. If the temperature is below the level where solid 
waxy crystals can be precipitated, then the flowing elements of oil 
will contain precipitated solid particles and the liquid phase will be 
in equilibrium with the solid phase; the liquid will be saturated with 
dissolved wax crystals. The temperature profile near the wall will 
lead to a concentration gradient of dissolved wax, and this dissolved 
material will be transported toward the wall by molecular diffusion. 
When this diffusing material reaches the solid/liquid interface, it 
will be precipitated out of solution. Reported that there are two 
stages involved in wax deposition: wax gel formation and then the 
aging of the deposited wax gel. Petroleum wax deposits contain 
some entrapped crude oil, water, gums, resins, sand and asphaltenes, 
depending on the nature of the particular crude oil. The trapped oil in 
the wax deposit causes diffusion of wax molecules into the gel deposit 
and counter-diffusion of oil out of the gel deposit, as shown in Figure 
2. A fraction of hydrocarbons with carbon numbers above a certain 
value (the critical carbon number) precipitate out of the oil as stable 
crystals to form a gel with the remaining hydrocarbons trapped in the 
gel network. In the gel deposit, the fraction of molecules with carbon 
numbers greater than the critical carbon number increases, while that 
of molecules with carbon numbers lower than the critical carbon 
number decreases. The diffusion and counter-diffusion, leading to 
hardening of the gel deposit, increases the size of the deposit, and 
increases the amount of wax in the gel deposit; this process is called 
aging, the second stage of wax deposition. Molecular diffusion is 
therefore critical to the aging and hardening of wax gel deposits.38

Molecular diffusion equation

As discussed, precipitation of wax occurs at contact points 

between the dissolved wax solution and the cool wall surface. The 
experiment by37 confirmed that molecular diffusion dominates as the 
primary mechanism at high temperature heat flux conditions typical 
of subsea flow line systems. They showed that Fick’s law of diffusion 
can model molecular diffusion of solid wax in oil and gas flows. Thus, 
the rate of wax deposition can be described by the following equation:

   (3.1)
dM dC dC dTw D A D Aw w w w w wdt dr dT dr

ρ ρ= = →

Where dMw/dt is the rate of wax deposited (kg/s), ρw is the density 
of the solid wax (kg/mᵌ), Dw is the diffusion coefficient of the wax 
in the oil phase (m² /s), Aw is the area of wax deposition (m²), dC/
dr is the wax concentration gradient (1/m) of wax concentration over 
pipe radial coordinate r (m), dC/dT is the solubility coefficient of the 
wax crystal in the oil phase (1/ºC) and dT/dr is the radial temperature 
gradient of the wall (ºC/m). The diffusion coefficient can be described 
as follows:

0.5(
  (3

)97.4 10 )0 6 .2.
MT aDw

V

ξ
µ

−= × →

Where Ta is the absolute temperature (K), M is the molecular 
weight of the oil solvent (g/mol), V is the wax molar volume (cc/g 
mole), µ  is the dynamic viscosity (cP) and ξ  is an association 
parameter representing the effective molecular weight of the solvent 
with respect to molecular diffusion and 0.6V  is proportional to the 
absolute temperature Ta. The association parameter ξ and the 
molecular weight of the oil solvent M are constants in the equation. 
The diffusion coefficient in principle is proposed as a function of oil 
constant C1 and oil viscosity in many diffusion coefficient models.

     3 )1 ( .3C
Dw µ

→=

Figure 2 Illustration of how wax molecules diffuse to form the wax deposit 
layey.38

As temperature decreases in the radial direction of the pipe, the 
viscosity of the oil can increase and the diffusion coefficient of the 
wax in oil can decrease substantially.9 It can therefore be concluded 
that molecular diffusion is considered as the main mechanism for wax 
deposition due to the diffusion of the dissolved molecules of the waxy 
components toward the wall; this has also been used by many wax 
modelling studies.
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Shear dispersion 

When small particles are suspended in a fluid that is in laminar 
motion, the particles tend to move at the mean speed and in the 
direction of the surrounding fluid. The particle speed is that of the 
streamline at its centre, and the particle rotates with an angular velocity 
that is half the fluid shear rate, as shown in Figure 3.39 If the particles 
approach a solid boundary, both linear and angular velocities will be 
reduced. Due to the fluid viscosity, rotating particles will impart a 
circulatory motion onto a layer of fluid adjacent to the particle. This 
rotating fluid region exerts a drag force on neighbouring particles. In 
a shear field, each particle passes and interacts with nearby particles 
in slower or faster moving streamlines. When only two particles are 
present, far from a wall and at a very low Reynolds number, these 
passing encounters result in large temporary displacements. As the 
particles pass, their trajectories are such that the particles curve 
around one another and return to their original streamline; thus, there 
is no net lateral displacement. If the particle concentration is high, 
however, then a significant number of multi-particle interactions will 
occur. These multi-particle collisions result in net lateral transport 
and dispersion of particles. Shear dispersion can be modelled by the 

dispersion coefficient of:37

2

10
   (3.4)

d w
wDs
ϕ

γ= →

Where γ is the oil shear rate at the pipe wall (1/s), wϕ  is the 
wax particle diameter (m), wϕ  is the wax volume fraction out of the 
solution at the wall and Ds is the shear dispersion coefficient (m²/s).

Figure 3 Long wax particle located in shear flow.39

Brownian diffusion 

When suspended in oil small waxy crystals will be continually 
bombarded by thermally agitated oil molecules. These collisions will 
lead to small random Brownian movements of the suspended particles. 
If there is a concentration gradient of these particles, the Brownian 
motion will lead to a net transport, which in nature and mathematical 
description is similar to diffusion. Agitated oil molecules bombard 
precipitated wax suspended in waxy-oil flows. This creates a net 
irregular movement of wax particles.37 If concentration gradients 
exist for the wax solid, a net transport of the precipitated molecules 

is initiated in the direction of decreasing concentration modelled by 
Fick’s law of diffusion.40

 (3.5)B
Bw w

dM dC
D A

dt dr
ρ →=

Where BM  is the mass of deposited wax due to Brownian diffusion 

(kg), dC
dr

 is the concentration gradient over the pipe radial coordinate 

(1/m), Aw  is the area of wax deposition (m²) and BD  is the Brownian 
diffusion coefficient (m²/s) derived by the following equation:37–40

  (3.6
6

)B
RTD

aNπµ
→=

R  is the gas constant (J/(mol.K), Ta is the absolute temperature 
(K), µ  is the oil viscosity (Ns/m²), a  is the Brownian particle 
diameter (m) and N is Avogadro’s number (1/mol).

Gravity settling 
Precipitated waxy crystals are denser than the surrounding liquid 

oil phase. Hence, if particles are non-interacting, they will settle in a 
gravity field and can be deposited on the bottom of pipes or tanks. For 
an initially uniform mixture in a vessel, there will be a beginning rate 
of settling, followed by a diminishing rate of deposition, which will 
asymptotically approach zero at complete settling. In a typically active 
system, as found in oil and gas pipelines, gravity settling has been 
found to be negligible as the suggested shear dispersion mechanism 
or active fluid forces create dispersion of precipitated wax particles, 
thereby eliminating gravity settling.37–40 However, in low flow rates, 
at typical shut-in conditions or in storage tanks, the gravity effect 
is expected to contribute to significant wax deposition particularly 
observed for low viscous fluids. The settling velocity U (m/s) is given 
by the modified Stokes’ law of settling crystals in a pseudoplastic fluid 
as follows:41

1/(1 )
U    (3.7)

18 

ng Pa
Kp

n+ ∆ = →
  

Where ΔP is the density difference (kg/mᵌ) between the settling 
wax and the oil, a is the particle diameter (m), n the power-law index, 
g the acceleration due to gravity (m/s2) and Kp is the power-law 
consistency index. The shear rate and shear stress relationship of a 

power law fluid implied in the correlation is given to be:   nKpτ γ=
whereτ is the shear stress (N/m²) and γ is the shear rate of the fluid 
(1/s).37 The other three mechanisms–Brownian diffusion, gravity 
settling and shear dispersion–are considered, according to the work 
of researchers,28–35 as secondary mechanisms that can contribute to the 
wax deposition and identifying which mechanism plays the primary 
role in wax deposition stated that the Brownian diffusion of wax 
particles is not likely to be valid because the wall temperature is lower 
than the oil bulk temperature, resulting in more precipitated wax 
particles at the wall than in the bulk oil. Consequently, the impact of 
Brownian diffusion is to transport these precipitated particles from the 
wall toward the bulk oil, instead of moving them toward the wall and 
deposit42noted that gravity settling is also believed to be insignificant 
as there has not been a study claiming that wax deposits are generally 
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thicker at the bottom than the top of the pipe wall in single-phase 
oil flow conditions. The mechanism of shear dispersion was studied 
by;43 they found that the wax deposition rate did not increase with 
the increasing shear rate of the fluid, casting the first doubt on this 
mechanism for wax deposition.44–47

Conclusion
Wax deposition on the hydrocarbon pipelines of the cold 

environment considers as one of the main fluid flow assurance 
challenges that face the petroleum engineers. Wax can precipitate 
as a solid phase on the pipe wall when its temperature drops below 
wax appearance temperature. It results in the restriction of crude 
oil flow in the pipeline, creating pressure abnormalities and causing 
an artificial blockage leading to a reduction or interruption in the 
production. Different wax deposition mechanisms, factors affecting 
wax deposition problem were reported. Also, were mentioned the wax 
mitigation methods. In the worst cases, when no of such methods is 
feasible to be used, production must be stopped in order to cut and 
replace the plugged portion of the line.
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