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Abstract Presence of water in crude oil is typically undesirable and can result into high pumping costs and 

pipeline corrosion as well as cost of transportation. In this study, extracted oil from almond (Terminalia 

catappa) was used to demulsify crude oil emulsion. The crude oil emulsion of 40% v/v water was prepared 

using crude oil collected from Niger delta region of Nigeria. The water used was made of 3g/L sodium chloride 

solution. The crude oil was characterized using standard ASTM methods while the demulsifying analyses were 

carried out using bottle test method with almond oil and triethanlamine (TEA) as demulsifiers. The yield and 

density of the almond oil were also determined using standard methods. The density of the almond oil extracted 

was found to be 0.95g/cm3 with the yield of 39.7%. It could be concluded from the results obtained that the 

almond oil have the ability to break the interfacial forces between the water and oil in the emulsion at the 

concentration of 10% appreciably close to the ability of the synthetic chemical, TEA. It is therefore 

recommended that further study should be done on the blend of the almond oil with other suitable natural 

product to obtain a novel effective demulsiier for treating emulsion problems in oil and gas industry. 
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1. Introduction  

When crude oil rises through the well and passes through the valves and pumps, water and oil can blend into 

relatively stable dispersions of water droplets in crude oil, which is usually referred to as emulsions from oil 

fields [1-2]. Shear mixing imposed on the crude oil and water during crude oil production and the existence of 

natural surfactants in the petroleum’s composition contribute to formation of such emulsions [3-4]. Many 

oilfield researchers are concerned about the stability of crude oil emulsions, inventing various efficient and 

relevant techniques to cut it off. Some researchers have observed that it is possible to remove or reduce the 

water in crude oil to level of < 0.1% by de-emulsification or dehydration [5]. The various methods of 

demulsification are generally classified into three categories, namely physical, chemical and biological 

treatments [6]. The chemical method, which involved use of chemical demulsifiers is widely accepted procedure 

in the oil and gas industry for treatment of crude oil emulsion [7]. In Nigeria oil and gas industry, demulsifiers 

used in treatment of crude oil emulsions are imported [7].  

Demulsification involve the process of breaking emulsions by weakening the viscoelastic films techniques 

surrounding the dispersed water droplets, thus enhancing coalescence. The emulsifier at the interface of the 

emulsion is replaced with the demulsifier destroying the stable film surrounding the water droplets. Removal of 

impurities, salt and water is important in demulsification processes. Demulsifiers are surface active compounds 

which upon addition to emulsion, migrate to the oil-water interface and breaks the rigid film thereby resulting in 

coalescence of water droplets [8]. The chemical additives migrate to the oil-water interface to destabilize the 

emulsifying agents. The chemical additives are generally classified into polymeric, anionic, amphoterics, 

nonionic, cationic, biosurfactant and surfactant mixtures [9]. The fraction and concentration of surfactants such 

as asphaltenes and resins have been observed to undergo interplay of diffusion at the oil water interface thus 

contributing immensely to the mechanism of interfacial adsorption, emulsion formation, and stability [9].  

Many of the chemicals available in the oil industry are not environmentally friendly when compared with green 

based demulsifiers. An effective demulsfier will enhance the release of safe and clean separated water into the 
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environment thus reducing potential poisoning concerns of the marine environment especially. Almond oil 

obtained from almond seed could be a natural source as demulsifier in oil and gas industry. Terminalia catappa, 

commonly known as tropical almond which has been an underutilized crop which belongs to a group of nuts 

with hard shelled seeds enclosing a single edible kernel [10] is now growing more attention of researchers in 

recent times. The tree is highly prevalent in tropical regions of Asia, Africa, and Australia [11], [12]. The seeds 

of the fruit are often of small sizes and difficult to extract from the nuts. These factors may have contributed to 

its lack of use in many areas [10]. Thus, this study is investigating of the utilization of almond oil, a natural and 

environmental friendly chemical as green based demulsifier to break crude oil emulsion. 

 

2. Materials and Method 

2.1 Materials  

In this study, crude oil sample obtained from the Niger delta region of Nigeria was used. The major pieces of 

equipment used were Centrifuge, Homogeniser, Oven, Vernier caliper, Weighing scale, Density Bottle, Test 

tubes, Dispensers (1ml and 1.5ml), Water bath, , hot plate, Wet and Dry Mill, Muslin cloth.  The major reagents 

used were Sodium chloride, distilled water, Polysorbate 80, Triethanolamine which are analytical grade of BDH 

products. The almond oil was extracted from seed of almond fruit plucked on LASU, Epe campus, Lagos state, 

Nigeria.  

 

2.2 Method 

2.2.1 Extraction of locally source demulsifier from agricultural product 

The almond fruits were decorticated and sun-dried for a couple of days. After removing the flesh (succulent 

portion), the seeds were obtained by cracking the hard core nut. The almond fruit seeds were sun-dried for five 

days. The dried seed was further heated in an oven at 60oC for 2 hrs to obtain very low moisture content dried 

seeds. After the seed has been allowed to cool from the heating, 500g of the dried seeds were weighed and 

milled using milling machine. Little drops of distilled water was added to the milled almond seeds and stirred 

together. A muslin cloth was used to press out the oil from the water + milled almond seed. The extracted oil 

was weighed and stored in a clean container. The volume of the extracted oil was also determined using 

measuring cylinder. The yield of the oil produced from the seed was determined using equation (1): 

𝑌𝑖𝑒𝑙𝑑 (%) =  
𝑚1−𝑚2

𝑚1 
 𝑥 100  (1) 

Where 

 m1 = mass of dried seed before oil extraction  

m2 = mass of dried seed after oil extraction 

The density of extracted oil was also determined using equation (2) 

𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑𝑜𝑖𝑙 (
𝑔

𝑐𝑚3⁄ ) =  
𝑚3

𝑣 
  (2) 

Where  

m3 = mass of extracted oil (g) 

v = Volume of extracted oil (cm3) 

2.2.2 Procedures for Crude oil Characterization  

The crude oil used in this study was characterized to determine its American Petroleum Institute gravity (APIg), 

hydrocarbon composition, wax content, asphalthene content, viscosity, among others using standard ASTM 

methods as described by [13], [14]. 

 

2.2.3 Preparation of Crude Oil Emulsion  

Crude oil emulsion was prepared using sodium chloride (NaCl) solution, distilled water, crude oil and 

polysorbate 8 as emulsifier in appropriate proportion. The prepared emulsions was 40.0% v/v water 

compositions by adding 200ml of sodium chloride solution of 3g/L to 300ml of crude oil. Polysorbate 8 of 

1.0ml was added to the 500ml emulsion mixture as emulsifying agent and the final mixture was thoroughly 

mixed using an homogenizer for 15minutes.  

 

2.4 Demulsification Test using the Extracted Demulsifier Oils  

The almond oil was tested as demulsifier in standard bottle test analysis using 2.5%, 5%, 7.5%, and 10 % 

doping of demulsifier in the crude oil emulsion. Also, the procedures were used for triethanolamine, which is 

the available chemical demulsifiers for comparison. A blank sample containing none of the demulsifiers was 

also tested. Crude oil emulsion sample of 10 ml was pre-heated in the water bath for 10 minutes at 60oC. 

Demulsifier of 2.5%v/v was added to the crude oil emulsion sample in a centrifuge tube and placed in a water 
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bath at 60oC for 10minutes. At the end of the10minutes, the tubes were placed in the centrifuge for 2 minutes at 

1000rpm. The sample was then removed and placed in a water bath at 60oC. The readings of water separation 

were taken after 0, 10, 20, 30, 40 and 60 minutes by measuring the height of the water. The procedure was 

repeated for 5%, 7.5%, and 10 % doping of the demulsifer. The process was carried out for both the almond oil 

and triethanolamine. 

 

2.2.4 Demulsification Test using the Extracted Demulsifier Oils  

The almond oil was tested as demulsifier in standard bottle test analysis using 2.5%, 5%, 7.5%, and 10 % 

doping of demulsifier in the crude oil emulsion. Also, the procedures were used for triethanolamine, which is 

the available chemical demulsifiers for comparison. A blank sample containing none of the demulsifiers was 

also tested. Crude oil emulsion sample of 10 ml was pre-heated in the water bath for 10 minutes at 60oC. 

Demulsifier of 2.5%v/v was added to the crude oil emulsion sample in a centrifuge tube and placed in a water 

bath at 60oC for 10minutes. At the end of the10minutes, the tubes were placed in the centrifuge for 2 minutes at 

1000rpm. The sample was then removed and placed in a water bath at 60oC. The readings of water separation 

were taken after 0, 10, 20, 30, 40 and 60 minutes by measuring the height of the water. The procedure was 

repeated for 5%, 7.5%, and 10 % doping of the demulsifer. The process was carried out for the almond oil, 

triethanolamine and blank sample without demulsifier. 

 

 

3. Experimental Results 

3.1 Properties of crude oil sample 

From Table 1, the characteristics API gravity value of the crude oil is approximately 27.40 which indicate that 

the crude oil sample is a medium crude oil with 16.32 wax content. Figure 1 revealed that from the paraffinic 

composition analysis as of the crude oil sample, dotriacontane was the highest alkane in the crude oil sample 

followed by octacosane, octadecane and docossane in decreasing order respectively. Hydrocarbons from octane 

and below appeared in trace quantities in the crude oil sample (Figure 1). From Figure 2, the highest 

polyaromatic component of the crude oil sample is Fluorene followed by Chrysene. Acenaphthene has the 

smallest compositional value among the polyaromatics components of the crude oil (Figure 2). 

Table 1: Characteristics properties of the crude oil 

Properties Value  

APIg 27.399 

Kinematic viscosity @ 25oC (cSt) 75.84 

Specific gravity @15oC 0.8905 

Wax content (%) 16.32 

Asphalten content (%) 0.901 

Resin content (%) 7.32 

 

 
Figure 1: Paraffin hydrocarbon composition of crude oil sample 

 

0
0.02
0.04
0.06
0.08

0.1
0.12
0.14
0.16

Mole fractions Mole fractions



Akinyemi OP et al                                      Journal of Scientific and Engineering Research, 2023, 10(4):47-53 

Journal of Scientific and Engineering Research 

50 

 

 
Figure 2: Polyaromatic composition of crude oil sample 

 

3.2 Performance of the Demulsifiers on the Crude oil emulsion sample 

The density of the almond oil extracted was found to be 0.95g/cm3 with the yield of 39.7%. It was observed that 

almond oil barely break the crude oil emulsion when doped with 2.5% of the almond oil as demulsifier while the 

triethanolamine (TEA) break the emulsion appreciably (Figure 3). As time increased the ability of the almond 

oil to break the emulsion at 2.5% doping increased steadily while that of TEA increased slightly. This implied 

that both the almond oil and TEA have the capacity to break the interfacial forces in the crude oil emulsion at 

low concentration. This is in agreement with the findings of previous researchers [1], [2]. Increased in the 

concentration of the almond oil in the crude emulsion to 5.0% increased the breaking of the emulsion slightly 

(Figure 4). The increase in breaking capacity of the almond oil with increase in time duration followed the same 

trend as for 2.5% concentration. The TEA and almond oil exhibited similar trend of increase in emulsions 

breaking capacities for concentrations of 7.5% and 10% as they did with 2.5% concentration (Figures 5 and 6). 

It was observed that the rate of increase in breaking capacity with increase in concentration is higher for almond 

oil than it was for TEA even though the TEA had higher breaking capacity than the almond oil (Figures 7 and 8). 

The differences in increment in breaking capacity of the TEA at the various concentrations were so close 

(Figure 7). It was observed that the almond could break the emulsion up to removal of 2.61ml base sediment and 

water from the 10ml crude oil emulsion sample tested using 10% concentration of almond oil (Figure 8). Thus 

the almond oil could be blended with other suitable natural chemical for use as good demulsifier in treating 

crude oil emulsion problem. 

 
Figure 3: Water and sediment separation for demulsifier doped at 2.5% 
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Figure 4: Water and sediment separation for demulsifier doped at 5% 

 
Figure 5: Water and sediment separation for demulsifier doped at 7.5% 

 
Figure 6: Water and sediment separation for demulsifier doped at 10% 
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Figure 7: Water and sediment separation for TEA at different concentrations 

 
Figure 8: Water and sediment separation for Almond oil at different concentrations 

 

4. Conclusion  

Almond oil extract was considered as demulsifier of crude oil emulsion and its performance was compared with 

triethanolamine, a synthetic compound which has demulsifying tendencies. Crude oil which was used for the 

preparation of the emulsion was obtained from Niger Delta region of Nigeria was characterized using standard 

ASTM methods. The analyses of demulsifying abilities of the almond oil and TEA were carried out using bottle 

test method. Although the almond oil could perform as the TEA at low concentration, at higher concentration it 

could perform close to the TEA at high concentration of 10% in crude oil emulsion. It could be concluded that 

the almond oil have the ability to break the interfacial forces between the water and oil in the emulsion at the 

concentration of 10% appreciably close to the ability of the synthetic chemical, TEA. It is therefore 

recommended that further study should be done on the blend of the almond oil with other suitable natural 

product to obtain a novel effective demulsiier for treating emulsion problems in oil and gas industry.  

 

References  

[1]. Akinyemi P. O., Udonne D. J., Oyedeko K. F. K., (2015), “Demulsification of Crude Oil Emulsion 

using Blend of Triethanolamine and Propan-2-ol”, Journal of Nigerian Society of Chemical Engineers 

(JNSChE), Vol. 30, Issue 1, Pp. 41-44. 

[2]. Hajivand P and Vaziri A. (2015). Optimization of demulsifier formulation for separation of water from 

crude oil emulsions. Brazilian journal of chemical engineering. Vol. 32 no 01. Pp. 107-118 

[3]. Sjoblom, J., Hemmingsen, P. V., Kallevik, H. (2007), The Role of Asphaltenes in Stabilizing Water-in-

Crude Oil Emulsions. In: O. C., Mullins, E. Y., Sheu, A., Hammami, A. G., Marshall, (Eds.), 

Asphaltenes, Heavy Oils, and Petroleomics, Springer, New York, p. 549. 

[4]. Ramalho, J. B. V. S., Lechuga, F. C., Lucas, E. F. (2010), Effect of the structure of commercial 

poly(ethyleneoxide-b-propylene oxide) demulsifier bases on the demulsification of water-in-crude oil 

emulsions: Elucidation of the demulsification mechanism. Quimica Nova, 33(8) 1664-1670. 

[5]. Wang J. J., Wang X. K. and Sha Z. L. (2012). Demulsification of crude oil emulsion using propylene 

oxide-ethylene oxide block copolymer. Advanced Materials Research, 361 – 363598-602. 

0

0.5

1

1.5

2

2.5

3

3.5

4

0 20 40 60 80

vo
lu

m
e

 o
f 

w
at

e
r 

an
d

 s
e

d
im

e
n

t 
se

p
ar

at
e

d
 (

m
l)

Time (minutes)

TEA
2.5%

TEA 5%

0

0.5

1

1.5

2

2.5

3

0 20 40 60 80

w
at

e
r 

an
d

 s
e

d
im

e
n

t 
se

p
ar

at
e

d
 (

m
l)

Time (minutes)

Almond oil 2.5%

Almond oil 5%

Almond oil 7.5%

Almond oil 10%



Akinyemi OP et al                                      Journal of Scientific and Engineering Research, 2023, 10(4):47-53 

Journal of Scientific and Engineering Research 

53 

 

[6]. Saad MA, Kamil M, Abdurahman NH, Yunus R.M, Awad OI (2019). An Overview of Recent 

Advances in State-of-the-Art Techniques in the Demulsification of Crude Oil Emulsions. Processes 

7(7):470. 

[7]. Mepaiyeda E. B., Ofoegbu A. A., Isehunwa S. O., Akinola A. A. (2020). Evaluation of a novel ionic 

demulsifier in the treatment of selected Niger Delta crude oil emulsion. Journal of Petroleum and gas 

engineering AJ, Vol. 11 (1) pp. 37-56 

[8]. Alwadani MS (2000). Characterization and Rheology of Water-in-Oil Emulsion from Deep Water 

Fields. MSc. Thesis, Rice University, Houston, Texas. pp. 1-214. 

[9]. Zainab A (2015). Experimental Study of Crude Oil Emulsion Stability by Surfactants and 

Nanoparticles. Masters Theses. 7382 

[10]. Adu, O.B., Omojufehinsi M., Esanboro M.O., Abe D.A., Shofolahan A.O., Uzodinma E. and Martins 

O. (2013). Effect of Processing on the Quality, Composition and Antioxidant Properties of Terminalia 

Catappa (Indian almond) Seed Oil. African Journal of Food, Agriculture, Nutrition and Development, 

13(3), pp. 64-76 

[11]. Thomson J. and Evans, B. (2006): Terminalia catappa (Tropical almond). Species Profiles Pacific 

Island Agroforestry. Plant Science Publishers, pp. 1-17. 

[12]. Orhevba, B.A., Sunmonu, M.O. and Ihiabe, P.A. (2017) Influence of moisture content on quality of 

Tropicalalmond (Terminalia catappa) seed oil. Nigerian Research Journal of Engineering and 

Environmental Sciences 2(2) 2017 pp. 383-389 

[13]. Akinyemi P. O., Udonne D. J., Efeovbokhan E. V., Ayoola A. A., (2016), “A Study on the Use of Plant 

Seed Oils, Triethanolamine and Xylene as Flow Improvers of Nigerian Waxy Crude Oil”, Journal of 

Applied Research and Technology (Elsevier), Vol. 14, Issue 3, Pp. 195-205. 

[14]. Akinyemi P. O., Udonne D. J., Oyedeko F. K. K., (2018), “Study of Effects of Blend of Plant Seed Oils 

on Wax Deposition Tendencies of Nigerian Waxy Crude Oil”, Journal of Petroleum Science and 

Engineering (Elsevier), Vol. 161, Issue, Pp. 551-558 


