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ABSTRACT 

The tendency of naphthenic acids to precipitate out of solution when in contact with the metal ions 

present in the formation water, present a formidable challenge for the petroleum industry. In this study, 

empirical modeling of naphthenic acid precipitation in idealized system was investigated. Response 

surface design based on Box-Behnken statistical design was used for the analysis. The result of the 

analysis revealed that the relative amount of naphthenate precipitate formed increases with increase in 

naphthenic acid concentration, calcium ion concentration, pH of formation water and percent water cut, 

as indices have significant effect on the formation of the precipitate. The predicted yield values for the 

options by the optimizer were1.62%, 2.86% and 7.94% and validated values obtained empirically are 

2.05±0.16, 3.36±0.24 and 8.80±0.14 respectively. These values were quite close of less than 1% 

differences for all the solutions predicted by the optimizer, this indicates that the model developed were 

well fitted and highly reliable. Validated yield of 2.05±0.16 under the optimal condition given in 

solution was the best option for the minimizing the naphthenate precipitate.  In general, the observed 

effects of the factors suggest that precipitation of the naphthenic acid can be minimized with acidic 

formation water that contains relatively low concentration of calcium ions concentration particularly 

when the concentration of the naphthenic acid in the crude oil is as low as possible. 
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INTRODUCTION 

The definition of naphthenic acids is vague. 

Gunstone et al.,(2007) defined naphthenic acids 

as “carboxylic acids containing one or more 

alicyclic rings”, and example that they gave 

were monocyclic acids. Similarly, Bataineh et 

al., (2006) defines naphthenic acids as 

“petroleum acids containing naphthene or 

cycloparaffin structure”.  

The term ‘naphthenic acid’ is often used to 

account for all carboxylic acids present in crude 

oil, including acyclic and aromatic acids. Nearly 

all crude oils contain some naphthenic acids. 

Heavy crudes from geologically young 

formations have the highest acid content while 

paraffinic crudes usually have low acid content 

(Lengger, et al., 2015; Priyanka et al., 2015). 

Naphthenic acids are known to be produced 

during the in-reservoir biodegradation of 

petroleum hydrocarbons and they are considered 

to be a class of biological marker, closely linked 

to the maturity and the biodegradation level of 

the fields (Lochte and Littmann, 2013; Headly et 

al., 2018).Recently, more and more oilfields 

face severe flow assurance problems due to 

formation of deposits and soaps, generally 

termed naphthenates (Simon et al., 2008).The 

presence of naphthenic acids in crude oil is of 

significant concern to the petroleum industry.  

These acids are associated with the corrosion of 

refinery equipment, blockage of the surface 

equipment, leading to the incurrence of 

additional cost to the consumer. (Arla et al., 

2007; Frank et al., 2008; Fahim et al.,2010;  

Tamilarasan et al., 2012; Jorge et al., 2016).   

Calcium naphthenate are formed through 

interaction of naphthenic acids in crude oil with 

calcium ions (Ca2+) from the formation water 

under right condition of pH and temperature to 

form solid deposit of calcium naphthenat (Sarac 

and Civan, 2007; Clark and Veil, 2009; 

Ashafizadeh et al., 2012). Mapolelo et al., 
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(2011) described naphthenic acids by general 

formular CnH2n+ZO2, where n represents the 

number of carbon atoms in the molecules and Z 

specifies hydrogen deficiency in the case of 

cyclic naphthenic acids. This formular implies 

the presence of one carboxylic group and the 

general formular has been used widely in mass 

spectrometry studies to characterize naphthenic 

acids (Hindle et al., 2013;Carpio et al., 2014; 

Rowland et al., 2014;Huang et al., 2016; Amy et 

al., 2018). Offshore production installations in 

Great Britain and Norway (North Sea), West 

Africa (Gulf of Guinea, Angular, Cameroon, 

Gabon, and Nigeria), the North West Shelf of 

Australia, South East Asia (South China Sea, 

Malaysia, Vietnam, Bohai Bay in China and 

Kutei Basin in Indonesia) and Gulf of Mexico 

have reported unprecedented deposition 

problem (Osuji and Anita, 2005; Priyanka et al., 

2015). In many oil producing regions of the 

world, the formation of calcium naphthenate 

deposits has resulted in problems such as 

blockage of surface equipment, extensive 

shutdown periods of offshore installations, 

increase in cationic content of crude oil and 

entrapped of oil in sludge (Patil, et al., 

2011;Paulo and Vanessa, 2012). 

Crude oils generally contain a mixture of light 

and heavy hydrocarbons that can be classified as 

paraffin, naphthenic, and aromatics. The lighter 

parts of crude oils keep the heavier parts, which 

are wax and asphaltene, in the solution. The 

presence of light ends increases the solubility of 

wax in crude oils depending on the pressure, 

temperature, and composition of crude oils 

(Lutnaes et al., 2007; Udeme, and Etim, 

2012;Victor, et al., 2015; Al-Kayiem, et al., 

2017). The polar fraction in petroleum liquids is 

the most problematic with respect to pollution, 

fouling of catalysts, corrosion, formation of 

deposits, and emulsions during production and 

processing (Yasin et al., 2013;Putman and 

Marshall, 2016) 

Naphthenate precipitation Formation 

The primary condition for naphthenate soap 

precipitation is the presence of naphthenic acid 

in crude oil, which can react with the metal ions 

present in the formation water to form 

naphthenate soap (Lo, et al., 2006; Patil, et al., 

2011;Victor, et al., 2015) The acidity of crude 

oil reflected by the total acid number (TAN) 

measument expressed in milligrams of KOH 

necessary to neutralize 1g of crude oil. Crude 

oils with acidity levels above 0.56 mg of KOH/g 

are considered as potentially corrosive for 

refinery units (Dettman et al.,2009; Alvisi and 

Lins, 2011; Priyanka et al., 2015). 

Two main types of naphthenates are known to 

form in production fluids: Calcium naphthenate 

solids that occur as sticky or harden deposits, 

and sodium naphthenates emulsion that can 

form tight emulsion as soaps or sludge 

(Mediaas,2008; Mapolelo et al., 2011).The 

cations present in the formation water react with 

the naphthenates to form metal soaps, generally 

calcium or sodium soaps, as calcium and sodium 

are among the most common cations present in 

the oilfield brine. The reaction between the R-

COO- anion and the metal ion yields insoluble 

metal soaps.  Because calcium is a divalent 

cation, the soap is formed by the reaction of 

calcium with two naphthenate anions.  

2R-COO- + Ca2+                  (R-COO)2Ca                      (1) 

In contrast, sodium is a monovalent cation, and 

therefore, the sodium naphthenate is formed 

according to: 

 R-COO-Na+                           R-COONa                      (2) 

The data presented in several literatures, 

indicates that metal soaps deposit at pH 

above6.0 (Simon et al., 2008; Headly et al., 

2016). When the pH of the water phase 

increases, the concentration of dissociated acids 

also increases, which in turn favour the 

formation of calcium naphthenate (Fafet et al., 

2008; Torleif et al., 2013; Carpio et al., 2014). 

The aim of this research is to conduct a 

comprehensive investigation and optimization 

of the main factors that affect the precipitation 

behavior of naphthenic acids in an idealized 

system: Implication for naphthenic acid 

precipitation from crude oil with a view of 

minimizing the formation of naphthenate 

deposits and determine the optimal condition 

necessary for minimizing the precipitation of the 

naphthenic acids. 

Origin and Structure of Nephthenic Acids 

Kovalchik et al., (2017) reported that naphthenic 

acids as a commercial derived from crude oil is 

a complex mixture of monocarboxylic acids 

containing one or more alkyl-substituted 

alicyclic rings (naphthenes) with lesser amount 

aliphatic carboxylic acids and naphthenic acids 

have long been important biomarkers and 

geochemical indicators for petroleum. 

Naphthenic acids comprise a complex mixture 
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of alkyl-substituted and cyclic aliphatic 

carboxylic acids, with general chemical formula 

CnH2n+ZO2, where n indicates the carbon 

number and Z is zero or negative, even integer 

that specified the hydrogen deficiency resulting 

from ring formation. The rings may be fused or 

bridged, the acyclic compound are highly 

branched, unlike fatty acids (Scott et al., 2008; 

Rowland et al., 2014; Hughes et al., 2017; 

Headly et al., 2018). 

.Fig 1 shows example of typical structures of 

naphthenic acids,the rings structures 

predominately contain 5- or 6-carbon atoms in 

various way combinations. Naphthenic acids 

with one ring belong to the Z= -2 family, those 

with two rings belong to the Z=-4 family and so 

on, naphthenic acids in the Z= 0 family are 

acyclic, but they are more likely to be branched 

rather than linear natural fatty acids. For 

example:    

 

CH3(CH2)mCO2H

Z = 0  

R (CH2)mCO2H R (CH2)mCO2H

Z = -2  

 

R

(CH2)mCO2H R (CH2)mCO2H

R

(CH2)mCO2H

Z = -4  

R
(CH2)mCO2H

R

(CH2)mCO2H

R (CH2)mCO2H

Z = -6

Figure 1: Scheme shows sample structures of naphthenic acid, where R is an alkyl group, Z described 

the hydrogen deficiency, and m is the number of CH2 units.and side chains (m)  

 

METHODOLOGY

Chemical and Solvent 

The solvent and chemical used include: Toluene, 

Naphthenic acid, Calcium chloride, Sodium 

chloride, and Magnesium chloride. The 

chemicals were analytical grade and were 

procured from Sigma-Aldrich and/or British 

Drug House (BDH) and used without further 

purification. Distilled water was used wherever 

needed. Routine glassware that were used was 

thoroughly cleaned with detergent, rinsed with 

copious amount of water and dried.  

Sample Preparation 
An accurately weighed amount of the relevant 

salt was dissolved in distilled water (50 to 

100cm3) and the solution was quantitatively 

transferred into volumetric flask (1000cm3) and 

dilute to the mark with distilled water 

(Mohammed and Sorbie, 2009).  

Experimental Design 

Response Surface (Box-Behnken) Statistical 

experimental design from  MINITAB 17 

statistical software were used to designed and 

analyzed the experiment. Four independent 

factors namely, naphthenic acid, calcium ion, 

pH and water cut were selected. The Table 1 

shows the lower and upper levels of each factor 

was selected based on literature review (Ahmed 

et al., 2014; Muhammad and Attahiru, 2017). 

Each run was set in duplicate and all the runs 
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were completely randomized to obtain a total of 

54 runs (Appendix A and B) 

Table 1: Independent factors investigate and 

their respective lower and upper levels  

Factors                  Code 

Lower 

Levels 

Upper 

Levels 

Naphthenic acid 

concentration 

(mg/L) n 2,000.00 20,000.00 

Calcium ion 

concentration 

(mg/L) c 5,000.00 120,000.00 

pH p 9.00 14.00 

Water cut (%) w 5.00 65.00 

 

Description of the Experimental Runs 

In each experimental run (Appendix A), the total 

volume of the oil phase and aqueous phase was 

kept at 150 cm3. The volume of aqueous phase 

(i.e water cut) needed for each run was been 

prepared by mixing one-fourth each of the water 

cut value of sodium, magnesium and calcium 

ions and Naphthenic acid solutions of respective 

concentration as given in the design matrix. The 

solutions were shakenvigorously and allowed to 

stay for 24 hours for proper dissolution, after 

which the precipitate formed was filtered. The 

precipitate was washed with distilled water and 

toluene, dried at temperature of 60°C and finally 

weighed. The relative amount of precipitate 

obtained was used as response variable 

(Mohammed and Sorbie, 2010). The percentage 

of the precipitete yield relative to the total 

weight of the 2.032g, 1.910g and 1.694g 

precipitate obtained used for the percent runs 

(Appendix C) was calculated from Equation 3. 

(Ahmed et al., 2014; Muhammad et al., 2016, 

Kyari et al., 2017)  

Naphthenate yield, Y (%) =  
𝑤𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑛𝑎𝑝ℎ𝑡ℎ𝑒𝑛𝑎𝑡𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 (𝑔)×100%

𝑇𝑜𝑡𝑎𝑙 𝑤𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑛𝑎𝑝ℎ𝑡ℎ𝑒𝑛𝑎𝑡𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒
   ……(3) 

 

Data Analysis 

The data obtained were analyzed using 

MINITAB 17 Statistical Software to estimate 

the main and interaction effects of the factors on 

the yield (y). The percentage naphthenate yield 

was fitted with full quadratic polynomial model 

equation using regression analysis (Equation 4) 

in order to correlate the yield with the operating 

factors. 

 

𝑦 =  𝛼0 + ∑ 𝛼𝑖𝑥𝑖 +  

4

𝑖=1

∑ 𝛼𝑖𝑖𝑥𝑖
2 +  ∑ ∑ 𝛼𝑖𝑗𝑥𝑖𝑥𝑗

4

𝑗=𝑖+1

4

𝑖=1

4

𝑖=1

                     (4)  

Where 𝛼0, 𝛼𝑖,𝛼𝑖𝑖, 𝛼𝑖𝑗are intercept, linear, quadratic and interaction coefficients, respectively, and the 𝑥𝑖 

and 𝑥𝑖 are the independent variable  The effect of terms was evaluated using Analysis of Variance 

(ANOVA) at 95% level of confident and the fitness of the model was evaluated by the coefficient of 

determination (R2) (Tamilaerasan et al., 2012; Muhammad et al., 2016; Kyari et al., 2017). Contour 

plot was developed using the fitted quadratic polynomial equation, two of the independent factors were 

hold at a constant value and changing the other variables. Optimizer on the Minitab 17 Statistical 

Software was used to optimize the factors and the optimal levels obtained were experimentally 

validated.            

Optimization and Validation of the Naphthenate (%) Yields 

Optimization of the Naphthenate yield was carried out using Surface Response Optimizer in Minitab 

17 statistical software. The target was set to minimize the yield to zero. Table 6 shows the three solutions 

or mitigating strategies obtained from optimizer Response design. 

 

Table 2:The design matrix and results of naphthenate precipitate (% yield) obtained for Idealized system 

RunOrder Ca (mg/L) NAC Acid (mg/L) pH Watercut (%) Nap.(g) Nap. (%) 

1 62500 2000 11.5 65 0.795 46.93 

2 120000 11000 11.5 5 1.474 77.17 

3 62500 11000 9 5 0.984 51.52 
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4 62500 11000 11.5 35 1.392 72.88 

5 62500 20000 9 35 1.451 75.97 

6 5000 11000 14 35 0.328 17.17 

7 120000 2000 11.5 35 0.990 58.44 

8 62500 11000 9 65 1.132 59.27 

9 62500 20000 11.5 5 1.594 78.44 

10 62500 2000 14 35 0.805 47.52 

11 5000 11000 9 35 0.300 15.71 

12 62500 11000 14 5 1.298 67.96 

13 120000 11000 11.5 65 1.605 84.03 

14 120000 20000 11.5 35 1.976 97.24 

15 62500 11000 14 65 1.446 75.71 

16 120000 11000 14 35 1.618 84.71 

17 62500 11000 11.5 35 1.380 72.25 

18 5000 11000 11.5 65 0.360 18.85 

19 62500 11000 9 65 1.130 59.16 

20 5000 2000 11.5 35 0.275 16.23 

21 5000 11000 11.5 5 0.298 15.60 

22 62500 20000 14 35 1.784 87.80 

23 62500 11000 11.5 35 1.388 72.67 

24 120000 20000 11.5 35 1.975 97.19 

25 62500 11000 9 5 0.982 51.41 

26 120000 11000 11.5 65 1.602 83.87 

27 62500 2000 14 35 0.804 47.46 

28 62500 11000 11.5 35 1.390 72.77 

29 62500 2000 11.5 5 0.752 44.39 

30 120000 11000 9 35 1.365 71.47 

31 5000 11000 14 35 0.356 18.64 

32 62500 2000 11.5 5 0.752 44.39 

33 62500 2000 9 35 0.715 42.21 

34 62500 2000 9 35 0.712 42.03 

35 62500 20000 11.5 65 1.756 86.42 

36 5000 11000 11.5 5 0.298 15.60 

37 5000 20000 11.5 35 0.495 24.36 

38 120000 11000 14 35 1.618 84.71 

39 5000 20000 11.5 35 0.495 24.36 

40 62500 20000 14 35 1.784 87.80 

41 62500 20000 11.5 65 1.754 86.32 

42 5000 2000 11.5 35 0.274 16.17 

43 62500 11000 14 65 1.448 75.81 

44 62500 2000 11.5 65 0.894 52.77 

45 62500 20000 9 35 1.454 71.56 

46 120000 11000 11.5 5 1.475 77.23 

47 62500 11000 14 5 1.296 67.85 

48 62500 20000 11.5 5 1.594 78.44 

49 120000 11000 9 35 1.368 71.62 
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50 62500 11000 11.5 35 1.392 72.88 

51 62500 11000 11.5 35 1.390 72.77 

52 120000 2000 11.5 35 0.990 58.44 

53 5000 11000 11.5 65 0.360 18.85 

54 5000 11000 9 35 0.330 17.28 

 

RESULTS 

Table 3: Results of analysis of variance for the idealized system showing the significant and not 

significant terms  

Source  Df Adj- SS Adj– MS F-value P-value Significant 

Model 14 33860.2 2418.6 260.46 0.000 S 

Linear 4 29023.7 7255.9 781.41 0.000 S 

c 1 22041.0 22041.0 2373.65 0.000 S 

n 1 5981.8 5981.8 644.20 0.000 S  

p 1 747.5 747.5 80.50 0.000 S 

w 1 253.3 253.3 27.28 0.000 S 

Squares 4 4251.8 1063.0 114.47 0.000 S 

(c)2 1 4126.8 4126.8 444.42 0.000 S 

(n)2 1 185.8 185.8 20.01 0.000 S 

(p)2 1 317.8 317.8 34.23 0.000 S 

(w)2 1 158.4 158.4 17.06 0.000 S 

2-way interaction 6 584.6 97.4 10.49 0.000 S 

c*n 1 468.9 468.9 50.49 0.000 S 

c*p 1 69.1 69.1 7.44 0.010 S 

c*w 1 6.2 6.2 0.66 0.421 NS 

n*p 1 37.5 37.5 4.04 0.021 S 

n*w 1 3.0 3,0 0.33 0.571 NS 

p*w 1 0.0 0.0 0.00 0.981 NS 

Error 39 362.1 9.3    

Lack- of- Fit 10 332.7 33,3 32.73 0.000 S 

Pure Error 29 29.5 1.0    

Total 53 29794.4     

KEYS: c = Calcium ion conc. n = Naphthenic acid conc., p = pH, w = Water cut (%), S = statistically 

significant, NS = statistically not significant 

S = 3.04725, R-sq = 98.94%, R2-sq (adj)= 98.56%, R2-sq (pred) = 97.89% 
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Table 4: Results of analysis of variance for the significant terms  

 Model summary 

S =3.08351, R-sq = 98.81%, R2-sq (adj)= 98.67%, R2-sq (pred) = 97.94%, SS= Statistically 

Significant.  

 

Table 5: Results of regression analysis showing the estimate of coded coefficients of the significant 

terms 

Term Effect Coef SE Coef T- Value P- Value Significant 

Constant  72.193 1.26 57.76 0.000 S 

c.  60.609 30.305 0.629 48.15 0.000 S 

n 31.575 15,787 0.629 25.08 0.000 S 

p 11.162 5.581 0.629 8.87 0.000 S 

w 6.498 3.249 0.629 5.16 0.000  S 

(c)2 -39.339 -19.669 0.944 -20.83 0.000 S 

(n)2 -8.347 -4.173 0.944 -4.42 0.000 S 

(p)2 10.918 -5.459 0.944 -5.78 0.000 S 

(w)2 -7,708 -3.854 0,944 -4.08 0.000 S 

c*n 15.31 7.66 1.09 7.02 0.000 S 

c*p 5.88 2.94 1,09 2.70 0.000 S 

From regression analysis new model equation formed was given as follow: 

Naphthenate % (Y) = -134.4 + 0.000873c + 0.001963n + 21.04p + 0.4081w - 0.873pp- 0.00428ww 

+ 0.000020cp …………………………………………                                                 3 

Where Y is response variable (Amount of precipitate formed), c, n, p and w are the uncoded 

independent variable corresponding to Naphthenic acid concentration, Calcium ion concentration, pH 

and Water cut respectively. 

 

Source Df Adj SS Adj  MS F- Value P- Value Significance 

Model 10 33813.5 3381.3 355.63     0.000 S 

Linear 4 29023.7 7255.9 763.14 0.000 S 

C 1 22041.0 22041.0 2318.15 0.040 S 

N 1 5981.8 5981.8 629.14 0.000 S 

P 1 747.5 747.5 78.62 0.000 S 

W 1 253.3 253.3 26.64 0.000 S 

Square 4 4251.8 1063.0 111.80 0.000 S 

(c)2 1 4126.8 4126.8 434.03 0.000 S 

(n)2 1 185.8 185.8 19.54 0.000 S 

(p)2 1 317.8 317.8 33.43 0.000 S 

(w)2 1 158.4 158.4 16.66 0.000 S 

2-Way interaction 2 537.9 269.0  28.29 0.000 S 

c*n 1 468.9 468.9 49.31 0.000 S 

c*p 1 69.1 69.1 7.27 0.010 S 

Error 43 408.8 9.5 
  

 

Lack- of- Fit 

Pure Error 

Total 

14 

29 

53 

379.4 

29.5 

34222.3 

27.1 

1.0 

26.66 0.000 S 
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Figure 2: Bar chart showing summarized effect of the factors investigated on the relative amount of 

naphthenate precipitate for the idealized system 

 
Figure 3: Main effect plot of the individual significant factors investigated 

 
Figure 4: Contour Plot of  effect of Naphthenic Acid versus Calcium ion Concentration on the amount 

of naphthenate Precipitate yield  
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Figure 5: Contour Plot of the effect of pH versus Calcium ion Concentration on the amount of 

naphthenate precipitate yield  

 

Figure 6: Contour Plot showing the effect of water cut versus Calcium ion   Concentration on the 

amount naphthenate precipitate yield  

 
Figure 7: Contour Plot of showing the effect of pH versus Naphthenic acid Concentration on the 

amount of naphthenate precipitate yield for the idealized system 
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Figure 8: Contour Plot of showing effect of water cut versus naphthenic acid Concentration on the 

amount of naphthenate precipitate yield 

 

 
Figure 9: Contour Plot showing effect of water cut versus pH on the amount of naphthenate 

precipitate yield  

 

Table 6: Result of the predicted yield and validation yield for the   

Solution Calcium ion 

(mg/L) 

Naphthenic 

Acid (mg/L) 

pH Water cut 

(%) 

Predicted 

Yield (%) 

Experimental 

Yield (%) 

1 5000 2000 9 5 1.62 2.05 ± 0.16 

2 5000 2000 14 5 2.86 3.35 ± 0.24 

3 5000 2000 9 65 7.94 8.80 ± 0.12 

 

DISCUSSION 

Results of analysis of variance for the  

statistically significant(SS) and not significant 

(NS) terms of the model developed for the 

idealized system (Table 3)  revealed that the 

linear, square and interaction terms of the model 

investigated on the amount of naphthenate yield 

were all statistically significant (p < 0.05) except 

those interactions involving calcium ion 

concentration versus water cut (c*w), 

naphthenic acid concentration versus water cut 
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(n*w) and pH versus water cut (p*w) that were 

statistically not significant (p > 0.05). The 

coefficient of determination (R2) from the model 

summary shows that the model, including all the 

linear, square and some other two interaction 

terms account for about 98.94% of the 

experimental results obtained (R2 = 99.17%) 

with excellent prediction ability (R2(pred) = 

97.89%) indicate that the model developed is 

well fitted to the experimental design and highly 

reliable. on eliminating the statistically not 

significant terms from the model (Table 4), from 

regression analysis new model equation (Eq. 4) 

based on the coded terms was obtained as 

follows: 

Naphthenate % (Y) = -134.4 + 0.000873c + 

0.001963n + 21.04p + 0.4081w- 0.873pp- 

0.00428ww + 0.000020cp ………             (4)                                                          

Figure 2 shows the result for the summarized 

effect of the four factors investigated on the 

relative amount of naphthenate produced. 

Increase in calcium ion and Naphthenic acid 

concentrations increases the amount of 

naphthenate formed, increase in each of those 

two factors shows sharp increase on the amount 

of naphthenate precipitate, on the other hand, pH 

of the formation water and water cut appear to 

show less significant effect on the naphthenate 

precipitation.  

The optimization experiment in table 6 indicate 

that the predicted precipitate yield (%) grams 

should be 2.2808%, 4.0312% and 5.6574% 

respectively. In a quest to validate the optimal 

condition predicted by the optimizer, and also to 

confirm reliability of the model, a validation 

studies were collected empirically. The 

validated results were obtained empirically as 

follows 2.732±0.651, 3.4580±0.173 and 

4.8864±1.412, the solution 1 and 3 give the 

closest value to the predicted value of the 

optimizer, hence, are considered to be the best 

options 

Conclusion  

Comprehensive investigation of the factors that 

influence the precipitation formation of 

naphthenic acid from crude oil system was 

successful carried out. The result shows that 

factors such as Calcium ion concentration, 

Naphthenic acid concentration, pH and percent 

Water cut, were found to have significant effect 

on the precipitation of naphthenic acid from 

crude oil such that increase in the variables 

results in higher yield of the naphthenate 

precipitate. However, calcium ion and 

naphthenic acid concentrations expressed 

stronger effects on the precipitation formation 

than the pH of the formation water and percent 

Water cut. Optimization and validation 

experiment of the factors investigated agree very 

closely to each others of less than 1% for all the 

solutions, this indicates that the empirical model 

from response surface design were well fitted to 

the model developed and it is highly reliable. In 

general, the observed effects of the factors 

suggest that precipitation of the naphthenic acid 

can be minimized with acidic formation water 

that contains relatively low concentration of 

calcium ions concentration particularly when the 

concentration of the naphthenic acid in the crude 

oil is as low as possible. 

Naphthenate precipitation deposition could be 

reduced with slightly acidic pH and flooding the 

formation water containing salt and basic pH 

with fresh water which could dilute it to 

minimize the amount of naphthenate formation. 

Addition of acid will keep the pH low and 

thereby avoid naphthenate formation.  

Recommendations  

The extent of the work conducted is not 

sufficient to provide adequate information on 

the nature of acid in the naphthenate and other 

compounds present. Therefore, the need for 

instrumental analysis such as 

Thermogravimetric Analysis, Nuclear magnetic 

resonance (NMR) and Raman spectroscopy 

should be carried out on the nature and structure 

of the acid present. The effect of temperature 

and pressure should also be conducted on the 

amount of naphthenate produced during the 

experiment. 
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