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Abstract 
Wax deposition has long been a problem and expense in the production of oil. The three main reasons why waxy 
oils create problems in oil production are: restricted flow due to reduced inner diameter in pipelines and 
increased wall roughness, increased viscosity of the oil and settling of wax in storage tanks.  With the advent of 
extremely deep production, offshore drilling and ocean flow completions, and indeed with the global concern on 
environmental damages due to oil activities, the use of preventive measures becomes probably the most 
economical. Therefore application of a simple tool that uses piezoelectric energy to prevent wax deposition is 
gaining popularity and patronage. This research work is aimed at developing a technique for studying the flow 
characteristics of crude oil at the temperature below the cloud point; examine the effect of piezoelectric energy 
generated from quartz plus semi-precious metals to these flow characteristics, and to correlate any changes in 
the flow characteristics with depositional changes. Crystal structure and charges distribution of the 
piezoelectric materials has been reviewed in this work. Properties of waxy crude oil samples, such as viscosity 
and wax appearance temperature, were measured before and after the use of the fabricated tool for treatment. 
The experiment demonstrated that the use of piezoelectric energy can have a measurable effect on properties of 
waxy crude oil. The study of crystal morphology also indicated that there are changes in the morphology of 
crystals of wax deposited after the treatment 
__________________________________________________________________________________________ 
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INTRODUCTION  
The true paraffin waxes belong to a family that 
contains only carbon and hydrogen in the molecular 
structure, and are also referred to as alkanes. The 
simplest alkane or paraffin is methane, which has one 
carbon atom and normally exists as a gas. Paraffins 
with 6 to 12 carbon atoms (C6 to C12) are liquids.  
When the molecular size is 16 to 25 carbons (C16 to 
C25), soft mushy waxes are observed. Hard crystalline 
waxes have 25 to 50 or more carbons (C25 to C50) in 
the chain. The wax precipitated from oil mixtures 
primarily consists of C18 to C36 (paraffin waxes) or 
C30 to C60 (microcrystalline waxes), both made up of 
aligned paraffinic and naphtenic molecules). It has 
been established that under the most favorable 
conditions, waxes form an orthorhombic lattice 
(Barmby et al, 1963) Fig. 1a-1c. The most favorable 
conditions are the presence of higher paraffins (C20-
C30) in low paraffin solvents and very low cooling 
rate.  
 
It has also been established conclusively that paraffin 
compounds containing more than 20 carbon atoms 
are considered potential trouble makers to oil field 
operator (Holder et al, 1965). Leonidov et al, 

demonstrated that the average carbon numbers of 
waxes precipitated at 14, 32, 68, and 86oF were 22, 
23, 26, and 29 respectively. 
 

                                      
a)                    b)                             c) 

 Fig.1- a) Macrocrystalline b)  Microcrystalline, and  
c) Crystal Deposit Network of Wax  
 
There are numerous methods in use to handle paraffin 
deposition. These can be divided in to two categories: 
removal (mechanical, thermal and chemical) and 
preventive or inhibition (dispersants, crystal 
modifiers) (Maria de Camen, 2001). The choice of 
any method of treatment depends on the severity of 
the problem, operational environment, and location in 
the flow system where the deposition takes place 
(Ajienka, 1990). However, none of the methods is 
without limitations. For example, chemical additives, 
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which lower the pour point and increase permeability, 
are selective and environmentally sensitive. Thermal 
treatment such as hot oiling can cause formation 
damage and contraction/expansion of facilities.   
The main goal of this work is to explain the 
mechanism behind the use of piezoelectric energy 
generated from quartz plus semi-precious metals to 
prevent wax deposition. This is tailored towards 
preventive measures of deposition control. This 
method has application to waxy crude oils 
productivity enhancement, in terms of costs 
reduction, and oil production improvement, without 
necessarily causing environmental damages.   
 
Literatures have shown that some works have been 
done in areas of using piezoelectric energy to prevent 
wax deposition along the flow lines.  For example, a 
tool has been designed and fabricated using quartz 
plus semi precious metals from Bauchi, Nigeria 
(Sulaiman, et al, 2011). This tool was tested in the 
laboratory and proved effective in preventing wax 
deposits along the flow lines. Also para-service 
company, came up with enercat tool that uses 
piezoelectric energy to prevent wax deposition in 
flow lines. This tool has been tested in many oils in 
US and in Canada (para service, 2005). All these 
works and many others in the literature offers little or 
no explanation on the mechanism of the using this 
technology. ` 
 
Piezoelectric Effect 
In 1880, Jacques and Pierre Curie discovered the 
piezoelectric effect in certain crystalline 
Materials: when these materials are subjected to a 
mechanical force, their crystals become electrically 
polarized. The polarities for tensile and compressive 
forces are opposite and the polarity is proportional to 
the applied force. The converse relationship is also 
true: when the crystalline material is subjected to an 
electric field it lengthens or shortens according to the 
polarity of the electric field. The latter is known as 
the inverse piezoelectric effect. 
 
This effect finds useful applications such as the 
production and detection of sound, generation of high 
voltages, electronic frequency generation, 
microbalance, and ultra-fine focusing of optical 
assemblies. It is also the basis of a number of 
scientific instrumental techniques with atomic 
resolution, the scanning, probe microscopies and 
everyday uses such as acting as the ignition source 
for cigarette lighters and push-start propane 
barbecues.   
 
Piezoelectric Materials 
Piezoelectric material produces an electric charge 
when subjected to a force or pressure. The 
piezoelectric material such as quartz or 
polycrystalline barium titanate, contain molecules 
with a symmetrical charge distribution. Therefore 

under pressure, the crystals deform and there is a 
relative displacement of the positive and negative 
charges with the crystals. In this research work, 
quartz crystal is used, being one of the most stable 
piezoelectric materials. Fig. 2 below shows the 
displacement of electrical charge due to the deflection 
of the lattice in a naturally piezoelectric quartz 
crystal. The larger circles represent silicon atoms, 
while the smaller ones represent oxygen. 

 
Fig. 2 - Displacement of Electrical Charge due to the 
Deflection of the Lattice in a  Piezoelectric Quartz 
Crystals. 
 
Mechanism of Piezoelectric Effects 
In a piezoelectric crystal, the positive and negative 
electrical charges are separated, but symmetrically 
distributed, so that the crystal overall is electrically 
neutral. Each of these sides forms an electric dipole 
and dipoles near each other tend to be aligned in 
regions called Weiss domains. The domains are 
usually randomly oriented, but can be aligned during 
poling (not the same as magnetic poling), a process 
by which a strong electric field is applied across the 
material, usually at elevated temperatures. When a 
mechanical stress is applied, this symmetry is 
disturbed, and the charge asymmetry generates a 
voltage across the material. Fig. 3 below shows the 
crystal structure and charges distribution in 
piezoelectric material.  

 
Fig. 3 - Crystal Structure and Charges Distribution of 
Piezoelectric Material. 
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Petroleum crude oil consists of four factions, namely 
oil constituents, resin, asphaltene and pre-asphaltene 
(ie carbene and carboid). The asphaltenes usually 
contain more condensed aromatic compounds than do 
the resin and oil factions. The resins contain aromatic 
or naphthenic hydrocarbons and components of oil 
factions, and may have naphthenic or paraffin 
structures. Asphaltenes and pre-asphaltenes in their 
natural state exist in micelle form, peptized with resin 
molecules. 
 
When crude oil flows into the wellbore, the pressure 
and temperature decrease. This causes paraffin and 
water to be released from the water-in-oil emulsion 
resulting in paraffin solidifying and depositing on 
production equipment. The action of piezoelectric 
(vibration) energy stabilizes the water-in-oil emulsion 
structure and prevents the paraffin being released 
from the micelle structure and forming solid states. 
       

             a)                                                 b)  
Fig. 4 – Water-In-Oil Emulsion Structure Before the 
tool and b) after the tool  
 
The molecule polar groups such as S-negative, N-
negative, and/or O-negative containing groups 
are concentrated towards the center of the micelle. 
This often is termed oil external-water internal or 
water-in-oil emulsion. 
 
METHODOLOGY 
Materials 
Five samples of waxy-crudes (Dead Oil) were 
collected from different oil fields in Niger Delta, 
Nigeria. The samples are OSS-1, OSS-2, OSS-3, A & 
B. The specification of the samples remained 
undisclosed by the donor companies. Zinc and lead 
were sourced from National Metellurgical 
Development Centre, Jos- Nigeria. 
 
Measurement of STO Properties 
The densities of samples were determined using 
hydrometer method. The API was determined using 
ASTM D287. The specific gravities were measured at 
60oF using ASTM D1298. The corresponding pour 
points were measured following the standard ASTM 

D97 procedures. The kinematic viscosities were 
determined using ASTM D-4624.The results obtained 
in the above analysis are in tables 1.  
 
Compositional Analysis (ASTM D-2597) 
The components to be determined were physically 
separated by gas chromatography and compared to 
calibration data obtained through identical operating 
condition. A fixed volume of sample in a liquid phase 
was isolated in a suitable sample inlet system which 
entered on to chromatographic column. Components 
nitrogen /air through n-hexane were individually 
separated with carrier flow in the forward direction. 
The heavy end components were grouped in to 
irregular shape peak by reversing direction of carrier 
flow through the column by means of switching valve 
immediately following the elution of normal hexane. 
Samples that contain no heptanes plus fractions were 
analyzed until final component had eluded with no 
reverse of carrier flow. The chromatogram was 
interpreted by comparing the areas of components 
peak obtaining from the unknown sample with the 
corresponding areas obtained from a run of a selected 
reference standard. Any component in the unknown 
suspected to be outside the linearity range of detector, 
with reference to known amount of that component in 
the reference standard, was determined by response 
curve. The results obtained are in table 2. 
            

Fig. 5: A Flow Scheme for Gas – Liquid 
Chromatography 
 
Deposition Experiment 
Quartz was grounded to a smaller particle sizes and 
mixed with semi-precious metals (Lead and Zink) 
and was put in a fabricated tool made of molten 
aluminum. A rubber gasket was used to seal the 
quartz +semiprecious metals in the fabricated tool 
(Fig. 6). This tool was then fixed in the flow line 
(laboratory flow system fabricated by Sulaiman and 
Ajienka, fig. 11). Each of the three waxy crude oil 
samples was then flown through the tool for 24 hours. 
This was done for Zinc and lead. At the end of the 
24hours, wax deposit before the point of the tool and 
from the point of the tool was collected and measured 
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for comparism in terms of quantity, physiochemical 
properties and morphological structures.   
                                                
Wax Characterization Experiment 
In this experiment, Acetone Precipitation Technique 
for Extraction of Waxy Crystals from Crude was 
used. This procedure is similar to the one adopted 
Burger, et al. 
 
Procedures 
A 5gram representative of each of three samples was 
weighed in to three different conical flasks. 35 cm3of 
Petroleum Ether was added to each sample and 
stirred with stirring rod until the samples dissolved.  
About 110 cm3 of acetone was then added to the 
samples and stirred well. The samples were placed in 
a deep freezer at about -20oC and allowed at that 
temperature for about two hours. Buchner porcelain 
filtering funnel, Whatman No.934 glass fiber filters, 
Vacuum flask, and a mixture of three parts acetone 
plus one part of ether were precooled to -20 oC. The 
filter was wet with the cold solvent mixture and then 
seat in the filter funnel. The samples were filtered by 
pouring them slowly in to the funnel, using the 
stirring rod as a guide. Vacuum machine was 
connected to the vacuum flask where filtering funnel 
was seat (Fig. 7). After filtering process was 
completed, the vacuum was disconnected. And the 
filter was removed using forceps and placed in the 
original tare bottle. The wax crystals on the filter 
funnel and stirring rod was washed in to the bottle 
with toluene. The toluene was then evaporated to 
dryness using oven. The bottle was reweighed. The 
difference between the tared and the final bottle 
weight, less the weight of the filter paper used, is the 
weight of the wax crystals contained in the original 5 
g sample. The filter paper, the conical flasks and the 
samples were weighed using G&G electronic scale 
model JJ1000. The wax crystals obtained was taken 
for the analysis in the gas-liquid chromatography.   
Photomicrographs of the oil samples were taken 
before and after the treatment. The results are found 
in fig.8 -10. 
 
RESULTS AND DISCUSSIONS 
Stock Tank Oil Properties  
Table 1 summarizes the measured densities, pour 
point, cloud points, and viscosities of samples OSS-1, 
OSS-2, OSS-3, A and B. As can be seen right from 
Table 1, sample OSS-3 has the highest values of 
cloud point, viscosity at different temperatures, 
densities and specific densities, and wax content. 
From the results obtained, it could be concluded that 
sample OSS-3 has the highest Wax Appearance 
Temperature (WAT) and therefore could cause more 
deposit problems to the flow system than other 
samples under consideration. Sample OSS-2 on the 
other hand, gave lower values of cloud points, wax 
content, density and viscosity at 80oC, thereby, 
exhibiting lowest Wax Appearance Temperature 

(WAT) value. From this analysis it can be assumed 
that sample OSS-2 would cause minimal damage 
(problem) to the flow system when compared with 
the other samples under consideration for this study. 
Another interesting observation made from the results 
of the experiment was that when comparing OSS-1 
and OSS-2, the first one has a higher cloud point but 
lower viscosities at different temperatures than the 
second one (sample OSS-2). This might be due to the 
fact that the first sample have the higher wax content 
but low content of resin and asphaltene (Tung et al, 
2001). 
 
Compositional Analysis  
Table 2 summarizes the composition of crude oil 
samples OSS-1, OSS-2, OSS-3, A and B using 
ASTM D5297 method. From this compositional 
analysis, information about n-paraffin, iso-paraffins 
and naphthenes concentration in the dead oils is 
established from the measured chromatograms. The 
assignment of weight percent data to the appropriate 
n-paraffin and/or undefined carbon number is based 
on the measured retention time of the calibration 
standard n-alkanes. It can be concluded from Table 2 
that oils collected from the same field but different 
reservoir/well has relatively different composition. 
The differences may be attributed to geological 
factors and or variation in temperature profiles and 
production histories for different wells. The 
implication of the observed variations in oil 
composition could be interpreted in relation to 
measured STO property.  
 
Wax Deposition Experiment 
Visual observation of inside of the Pyrex tube (test 
section) at the end of tests showed that, as the oil 
flowed up the section, pecks of wax were formed on 
the pipe wall. Also up the section, a complete 
continuous film of deposit was observed (solid 
points) which increased in thickness from there to the 
top.  It was difficult to determine the exact location 
where the pecks of wax began. The quantity (in 
grams) of deposits per time at the section before the 
constructed tool was far more than the quantity of 
deposits in inside the tool and even after the crude 
has passed the tool (Table 3  and 4). The quantity was 
estimated by visual observation and also was 
measured using G&G electronic scale model JJ1000. 
This is also a confirmation that the tool is working 
effectively.  
 
Wax Characterization Experiment 
The result of this experiment showed the total waxy 
content in crude oil Sample OSS-3 is 12%, OSS-1 is 
8%, and OSS-2 is 5% while for samples A and B are 
insignificant. This means the potentially precipitable 
waxy crystals are made up about 12wt%, 8wt% and 
5wt% of the crude oil samples OSS-3, OSS-1 and 
OSS-2 respectively. 
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Also the micrographs of the crude oil samples taken 
before and after the treatment indicated  that the 
deposits from the treated samples look more liquid 
than the ones of the untreated samples. This could 
results in reducing both Bingham plastic viscosity 
and static shear stress (Tung, et al, 2001). Based on 
this result, an advantage in energy economy can be 
obtained in restarting process after flow line shut-off. 
Fig. 8 – 10 shows the photomicrographs of the crude 
sample before and after the treatment. Such changes 
in wax crystal morphologies as observed in the 
figures above have been reported in literatures (Tung 
et al, 2001 and Ahn et al, 2005) but not with 
peculiarity to Nigerian Crude oil. As can be observed 
from fig. 8, waxes of higher cloud points (OSS-3) 
under microphotographs appear big cluster of more 
than 50µm in size. While waxes of the lower cloud 
point crude oils (OSS-2) form crystals with smaller 
sizes less than 40 µm (fig. 9). From this result it can 
be said that the high content of resin and asphalthene 
in crude sample OSS-2 has natural affinity for wax 
crystals. 
 
The treated crude sample deposits were taken for 
photomicrographs four days after treatment and the 
results showed that smaller clusters were formed (fig. 
8b, 9b and 10b). The clusters were also surrounded 
by layers of solvated molecules. These layers of 
solvated molecules may be from more polar particles 
like resin-asphalthene compounds’ entrapped water, 
etc.  The conclusion here could be that the changes in 
shapes, in sizes and shapes, and water wetting layers 
allowed paraffin crystals sliding faster in the flow 
without flocculation and enhancing surrounding walls 
of the flow lines and pipe lines. We also can come to 
conclusion that if the rheological condition of the 
treated crude samples can be kept for such long 
period (4-5days), then the performance effect of this 
tool can actually be felt on the crudes some distance 
from the position of the tool in the flow stream.      
 
CONCLUSION 

1. Solid wax crystals will precipitate from 
flowing crude oil sample OSS-1, OSS-2 and 
OSS-3 as it cools below minimum of 13, 7.5 
and 14oC respectively. This high-molecular- 
weight, potentially precipitable 
hydrocarbonaceous material account for 
about 12%, 8% and 5% of total crude oil 
sample OSS-3, OSS-1 and OSS-2 
respectively. 

2. Piezoelectric energy generated from quartz 
plus semi-precious metals could control the 
crude oil wax deposition process with 
reduction of up to 35 - 40% and could retain 
changes in the rheological properties of the 
deposits for few days. This is shown in 
results of photomicrographic analysis in 
figures 8-10.   

3. The piezoelectric energy tool is promising, 
operational easy, economically viable and 
environmentally friendly. 
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Table 1 – Properties of samples OSS-1, OSS-2, OSS-3, A and B 
S/N Test Test Method Unit OSS-1 OSS-2 OSS-3 A B 
1 Pour Point ASTM D 97 oC -6 -8 -2 3 -12 
2 Cloud point ASTM D 2500 oC 13 7.5 14 - - 
 
 
3 

Viscosity @  
40 
60 
80 

 
 
ASTM D445 
 

 
Cst 

 
5.91 
3.22 
1.09 

 
10.4 
6.03 
0.93 

 
12.4 
8.24 
2.36 

 
 
3 

 
 
-12 

4 Wax Content UCP 46 Mass% 8.19 5.27 8.61 <5 <5 
5 SG ASTM D287 oF 0.9174 0.9063 0.9477 0.8817 0.8717 
6 Density HYDROMTER Kg/l 917 906 948 - - 
7 Heat of combustion(gross) ASTM D240-02 MJ/kg 33.18 40.24 38.13 - - 
8 Heat of combustion(net) ASTM D240-02 MJ/kg 31.29 38.27 36.22 - - 

 
Table 2. Results of Compositional Analysis of Waxy Crudes 

Laboratory No. LPEC/1/08 LPEC/2/08 LPEC/3/08 LPEC/4/08 LPEC/5/08 
Sample code Oss-1 OSS-2 OSS-3 A B 
Nitrogen, mole %       0.32 0.14 
Light ends, mole %           
C2- Hydrocarbons 60.37 58.73 71.21 70.11 63.4 
C3- Hydrocarbons 5.43 5.28 9.32 9.12 7.64 
IC4 (Isobutene) 2.99 2.84 1.98 2.18 4.22 
NC4 (Normal Butane 1.92 1.67 1.36 1.85 3.98 
IC5 (isopentane) 1.13 1.01 0.74 0.97 2.24 
NC5(normal pentane) 0.86 0.83 0.38 0.42 1.83 
Sum C2 - C5, mole % 72.82 70.43 84.99 84.65 83.31 
Light Naphthene (bp<175 oF) mole % 18.15 16.14 19.86 20.23 16.21 
Medium naphtha(175<bp<250 OF mole,% 5.9 5.17 11.43 11.92 5.61 
Heavy naphtha 9250<bp<375F mole % 2.1 1.76 9.22 8.96 3.09 
molecular weight (g/mol) C6-C10 194 187 223 212 209 
Kerosene(375<bp<650F) mole % 1.3 1.06 7.24 7.28 1.83 
Sum C10-C12 mole % 28.15 24.13 47.75 48.39 26.74 
LGO (530<bp<650) mole % 0.96 0.87 5.87 5.84 1.27 
molecular weight (g/mol) C28 + 360 298 429 425 330 
PGO(650<pb<1049F) mole % 0.68 0.53 3.68 4.13 0.98 
Residual Oil (bp>1049F) mole % 0.43 0.36 2.97 2.04 0.64 
molecular weight of C36+ (g/mol) 537 515 693 615 519 
Av. Molecular weight of whole oil (g/mol) 164 150 238 185 148 

 
Table 5 - Effects of the Constructed Tool (Zink) on 
Wax Deposition  
Sample Quantity 

before the tool 
(g) 

Quantity 
after the tool 
(g) 

% Success 

OSS-1 15.0 12.7 15.33 
OSS-2 13.5 10.9 32.35 
OSS-3 17.0 11.5 20.00 
 
Table 6 - Effects of the Constructed Tool (Lead) on 
Wax Deposition  
Sample Quantity 

before the 
tool (g) 

Quantity after 
the tool (g) 

% Success 

OSS-1 11.0 7.8 29.09 
OSS-2 9.5 9.3 21.00 
OSS-3 14.0 11.5 17.86 
 

 

Fig.6 – Fabricated Piezoelectric Energy Tool 
 

 
Fig. 7– Complete set of filtration 
process 
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a)                                                                                                  b) 
Fig. 8– Photomicrograph of OSS-1 a) before treatment, 50μm and b) after treatment, 20μm 
 

                         
a)                                                                                                        b)  

Fig. 9– Photomicrograph of OSS-2 a) before treatment, 40μm and b) after treatment, 10μm 
 

                                
a)                                                                                                           b) 
Fig. 10–Photomicrograph of OSS-3 a) before treatment, 20μm and b) after treatment, 20μm 

 
Fig.11 – Sketch of the flow line model (Sulaiman and 
Ajienka) 

 


