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 Demulsification is a process of water and oil separation from the emulsion, which is a very important step 
in petroleum industries. A critical problem in petroleum field is the resulting stabilization of water
(W/O) emulsion, which can cause m
Mohammed 2013). More than 95% of the crude oil emulsion
Alqam, 2000). The presence of natural 
finally create stable crude oil emulsions. Emulsified water may cause many problems at several stages of crude 
oil productions such as, increasing the oil viscosity, high cost of pump
corrosions, and in some cases the poisoning of refinery catalysts 
et al., 2010). Therefore, the emulsions of W/O must be treated. The traditional methods of crude oil emulsion 
demulsification including physical and chemical treatments such as, chemical demulsifiers, heating, electrical, 
and mechanical methods have been widely used in 
et al. 2011) and (Martínez-Palou 
dielectric heating technology has a greater influence on the separation efficiency comparing to the conventional 
heating. Relatively, (Tan, 2007) and 
W/O emulsion via microwave-assisted chemical demulsification technique. The results of their studies indicated 
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A B S T R A C T  
A serious problem during the production and refinery process of crude oil is the 
existence of emulsified water in the crude oil. From the economic and environmental 
points of view, water must be removed from the crude oil before going for further 
processing. In the last two decades, several demulsification techniques have been 
applied by many researchers. Since, the best method is based on the best water 
separation efficiency. Therefore, a comparative study between microwave heating and 
conventional heating demulsification in their optimum conditions has been carried out. 
Both methods were performed with the assistance of chemical demulsifier. Through the 
experimental results, it was found that comparing to the conventional heating; 
microwave dielectric heating earned the best separation efficiency (100 %) in a short 
time. The optimum condition in microwave dielectric heating was 
irradiation time (3 minutes), microwave power (360 watt), and 2.50 vol. % demulsifier 
concentration. However, in conventional heating using “hotplate” the highest separation 
efficiency (96 %) was obtained at 160 ºC, and heating time 5 minutes.

INTRODUCTION 

Demulsification is a process of water and oil separation from the emulsion, which is a very important step 
A critical problem in petroleum field is the resulting stabilization of water

(W/O) emulsion, which can cause many problems during the storage and refining process
. More than 95% of the crude oil emulsions formed in the oil fields are the W/O type 

The presence of natural surfactants such as resins and asphaltenes, adsorb at the interfaces and 
finally create stable crude oil emulsions. Emulsified water may cause many problems at several stages of crude 
oil productions such as, increasing the oil viscosity, high cost of pumping and transportation, equipment 

and in some cases the poisoning of refinery catalysts (Kanicky et al., 2001; Alwadani, 2009; 
Therefore, the emulsions of W/O must be treated. The traditional methods of crude oil emulsion 

demulsification including physical and chemical treatments such as, chemical demulsifiers, heating, electrical, 
and mechanical methods have been widely used in industries which have along some disadvantages.

lou et al. 2013), found through their laboratory experiments that microwave 
dielectric heating technology has a greater influence on the separation efficiency comparing to the conventional 

and (Issaka et al. 2014) also conducted an experiment on demulsification of 
assisted chemical demulsification technique. The results of their studies indicated 
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experimental results, it was found that comparing to the conventional heating; 

ing earned the best separation efficiency (100 %) in a short 
time. The optimum condition in microwave dielectric heating was achieved at the 
irradiation time (3 minutes), microwave power (360 watt), and 2.50 vol. % demulsifier 

nventional heating using “hotplate” the highest separation 
efficiency (96 %) was obtained at 160 ºC, and heating time 5 minutes. 

Demulsification is a process of water and oil separation from the emulsion, which is a very important step 
A critical problem in petroleum field is the resulting stabilization of water-in-crude oil 

any problems during the storage and refining process (Mohammed & 
are the W/O type (Ali and 

surfactants such as resins and asphaltenes, adsorb at the interfaces and 
finally create stable crude oil emulsions. Emulsified water may cause many problems at several stages of crude 

ing and transportation, equipment 
., 2001; Alwadani, 2009; Hasan 

Therefore, the emulsions of W/O must be treated. The traditional methods of crude oil emulsion 
demulsification including physical and chemical treatments such as, chemical demulsifiers, heating, electrical, 

industries which have along some disadvantages. (Abdulbari 
, found through their laboratory experiments that microwave 

dielectric heating technology has a greater influence on the separation efficiency comparing to the conventional 
also conducted an experiment on demulsification of 

assisted chemical demulsification technique. The results of their studies indicated 
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that the maximum water separation rates were 95 % and 87 %, respectively. However, for the economic and 
environmental perspective the water content in the oil must be lower than 0.5 % after the separation process 
(Bhardwaj & Hartland 1994; Xia et al. 2010). Hence, the recent investigations are focusing on an alternative and 
cost-effective method to break down the petroleum emulsions. Much attention is focused on the microwave 
enhancement of chemical reactions and breakage of W/O emulsions, because microwave irradiation has shown 
the ability to accelerate these processes. This method offers a clean and high penetration power with faster 
separation rate and less energy consumption than the conventional heating (Nour et al., 2012; Evdokimov and 
Losev, 2014).  
 In conventional thermal technique, energy transfers to the material through the convection, conduction, and 
radiation of heat from the surface of the material, and takes long time to heat inside of the material. However, in 
microwave heating the energy transfers to the material directly through the molecular interaction, and hence 
molecules become more energized which finally results in a higher reaction rate (Venkatesh and Raghavan 
2004; Tan, 2007). Essentially, the popularity of this technique is based on the fact that it offers a volumetric 
heating effects, which results in rapid processing time and efficient separation (Nour et al., 2012). From the 
microwave chemistry approach, the polar molecules can be directly excited with microwaves. Due to the 
presence of polar fragments in chemical demulsifiers, they can absorb the microwaves efficiently, hence forces 
the demulsifier molecules to be energized by microwave dielectric heating, which makes it easier to break the 
interfacial film. Moreover, the demulsification via microwave irradiation for W/O emulsion type was more 
efficient rather than O/W type, the reason behind this might be the water molecules where they absorb more 
energy than oil (Tan et al., 2007). Compared to the conventional heating, microwave heating process may lead 
to a significant savings in energy consumption, increases the process yield; reduces the process time and 
importantly environmental issues (Jones et al., 2002). The present work is aimed to find the best formulation of 
W/O emulsion demulsification via microwave dielectric heating and conventional heating. As well as, the study 
contributes the application of Response Surface Methodology (RSM), for the optimization of demulsification 
rate through these methods.  
 

MATERIALS AND METHODS  
 
 Two different Malaysian crude oils, namely; heavy and light were mixed together at a volume ratio of 50-
50 %. The physicochemical characteristics of the crude oil are presented in Table 1. For the purpose of 
emulsification, Span 80 with HLB of 4.3 and at concentrations of (1.5-2.5 vol. %) was selected to prepare the 
emulsions of W/O at a volume ratio of 40:60. After the emulsification process, the demulsification of emulsions 
was performed using a lipophilic demulsifier (Octylamine) from amine groups with an HLB of 6.88.  
 
Table 1: The physicochemical characteristics of the crude oil. 

Density (g/cm3) 0.8886 
Viscosity (N/m2) at 30 ºC 35 

API Gravity 28 
Surface Tension (mN/m) at 25 ºC 26.566 

Interfacial Tension ( mN/m) at 25 ºC 15.831 

 
2.1 SARA Fractionation: 
 The method of SARA analysis was performed to separate the crude oil into four chemical group classes, 
namely saturates, aromatics, resins, and asphaltenes, through the SARA method of analysis. Saturates, 
aromatics, and resin were extracted according to the American Society for Testing and Materials (ASTM 
D2007) by using open-column liquid chromatography Table 2. 
 
Table 2: SARA fractionation of crude oil. 

Sample Type Saturated 
(wt. %) 

Aromatic 
(wt. %) 

Resins (wt. 
%) 

Asphaltenes (wt. 
%) R/A 

Crude oil 65.2 25.1 4.2 5.5 0.76 
 
2.2. Viscosity, Density, and Water content Measurement: 
 The dynamic viscosity of the samples was determined by using Brookfield Rotational Digital Rheometer 
Model LV/DV-III with UL adaptor and spindles # 31 connected with a heating/cooling water bath. The density 
of the samples was measured using gas pycnometer model micromeritis AccuPyc II 1340. The sample was 
placed in a cylindrical sample container while Helium gas was used as analysis gas connected to the 
pycnometer. The measurements were performed at 26±1ºC. The measurement of water content in crude oil was 
performed using the METHROM Karl Fisher Analyzer Model 787 KF Titrino. 
 
2.3.  Emulsification Process: 
 The emulsions were prepared at a volume ratio of water: oil (40-60 %). To prepare the W/O emulsions, 
Span 80 was dissolved into the continuous phase (crude oil) and vigorously sheared for 5 minutes. Then the 
dispersed phase (water) was added slowly to the oil phase while mixing in a standard three blade propeller and 
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sheared for another 5 minutes at mixing speed of 2000 rpm at room temperature. Then, the emulsion type was 
identified by using the test tube method, whether is the W/O or O/W type. Afterwards, the demulsifier 
Octylamine was added at the same concentration and agitated for 5 minutes more. Each emulsion was prepared 
at a volume of 300 ml.   
 
2.4.  Demulsification Process: 
 The demulsification of W/O emulsions was performed using two different methods, microwave dielectric 
heating and conventional heating using a digital hotplate. The microwave-assisted chemical demulsification was 
conducted using a domestic microwave oven model EMO-2305 (900 output power, 23 L capacity, Elba, 
Malaysia). The freshly prepared W/O emulsion with a volume of 300 ml was placed in a 500 ml glass beaker. 
The top and bottom of the beaker were covered with aluminum foil and placed in the center of the microwave 
oven. Three thermocouples, model J-IEC-584-3, were inserted in the emulsion sample at three different 
locations; top, middle, and bottom, to record the temperature during the microwave heating at three points. The 
thermocouples were connected to Pico- TC 08, data logger device. The data logger was connected to a PC with 
Pico Log software, to record the temperature (Figure 1). The microwave heating was performed using different 
watts (180-540) W and different microwave processing time (3-5) minutes, with operation frequency at 2450 
MHz. In order to achieve the optimum value for microwave demulsification, Response Surface Methodology 
(RSM) was used.  
 

 
 
Fig. 1: Schematic representing microwave heating procedure. 
 
 In conventional thermal method a hotplate was used for the purpose of demulsification. This method was 
conducted to compare the microwave demulsification with the conventional thermal method. The procedure 
applied in this technique is same with the microwave method as displayed in Figure 2. The freshly prepared 
W/O emulsion was poured into a 500 ml graduated glass cylinder, placed on the hot plate and the heating degree 
was changed from (30-160 ºC), while the heating time was the same with the microwave irradiation (3-5 
minutes).  
 

 
 
Fig. 2: Schematic representing conventional heating procedure. 
 
2.5.  Response Surface Methodology: 
 Response surface methodology is a collection of mathematical and statistical techniques, which is very 
useful for designing experiments and studying the influence of several variables in the responses, where several 
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independent variables influence on the dependent variable. The independent variables are known as the input 
and the dependent variable is called response variable (Bezerra et al. 2008; Demirel and Kayan 2012). For 
identifying the experimental design, the statistical software Design-Expert version 7 was used. Usually, RSM is 
consisting of either first-order or second-order model. The second-order model is widely used in RSM. In order 
to evaluate a curvature a second-order design must be used. The second-order model is presented in Eq. 1. 

� =  �� + � ��	� +  � ���	�
 +
�

��
� ���	�	� +  �                                                                                        (1)

�

����

�

��
  

 Where, y is the response �� is the constant term, � is the number of variables, �� indicates the coefficient of 
the linear factor, 	� shows the variables, ��� represents the coefficients of the quadratic parameter, ��� represents 
the coefficients of the interaction parameters, and ε is the residual associated to the experiments. 
 Central Composite Design (CCD) is one of the common designs in RSM, which has an extensive 
application in optimization of analytical procedures. The CCD was introduced by Box and Wilson (Box and 
Wilson 1951). For microwave optimization, three factors (time, power, and demulsifier concentration) with 
three levels (high, middle/center, and low) were applied using face centered central composite design (FCCCD) 
(Table 3). 
 
Table 3: Table for level of independent variables used in experimental design (FCCCD) for optimization of microwave irradiation. 

 
Factor 

 
Unit 

High level (α = 
+1) 

Middle level (α = 0) 
Low level (α = -

1) 
A (Time) Minute 5 3 1 
B (Power) Watt 540 360 180 

C (Demulsifier concentration) Vol. % 2.5 2 1.5 

 
 The optimization process for conventional method of demulsification (hot plate), were similar to microwave 
heating demulsification optimization, shown in Table 4. To achieve the optimum condition for hot plate 
demulsification, three levels and three factors consisting of (Time, Temperature, and Demulsifier concentration) 
were applied under the FCCCD. In this case, temperature was used instead of the microwave power, and the 
ranges of the temperature were selected according to the low and high temperature range generated by 
microwave power during the microwave heating. 
 
Table 4: Table for level of independent variables used in experimental design (FCCCD) for optimization of conventional heating. 

 
Factor 

 
Unit 

High level (α = 
+1) 

Middle level (α = 0) Low level (α = -1) 

A (Time) minute 5 3 1 
B (Temperature) ºC 160 95 30 

C (Demulsifier concentration) Vol. % 2.5 2 1.5 

 
RESULTS AND DISCUSSION 

 
3.1 Optimization of Thermal-Assisted Chemical Demulsification Using RSM: 
 In this study, the experimental design and optimization process were performed using RSM for two 
different thermal-assisted chemical demulsifications which are; microwave-assisted chemical demulsification 
and conventional heating demulsification. Since, both methods were performed in the presence of chemical 
demulsifier for enhancing the demulsificaton rate. The main purpose of this study is to compare the microwave 
heating technology with the conventional heating (hotplate) to find the higher separation efficiency with the 
optimum condition. 
 
3.2. Experimental Design And Optimization Of Microwave Demulsification: 
 Before applying the RSM, it is first necessary to select a preferable experimental design which can match in 
the experimental region. Central Composite Design (CCD) is one of the most common designs in RSM, which 
has an extensive application in optimization of analytical procedures.  
 For microwave optimization, three factors, namely; processing time (1-5) minutes, power (180-540) watt, 
and demulsifier concentration (1.5-2.5) vol.%, with three levels (high, middle/center, and low) were applied 
using face centered central composite design (FCCCD). The three factors; time, power and demulsifier 
concentration were named as factor; A, B and C, respectively. Whereas, the water separation (w %) was chosen 
as a response (Y). 
 Table 5 displays the ANOVA for W/O emulsion treated by microwave. The Model F-value of 1578.02 
implies the model is significant. There is only a 0.01% chance that a "Model F-Value" this large could occur due 
to noise. Values of "Prob > F" less than 0.0500 indicate model terms are significant. In this case A, B, C, AB, 

AC, BC, A2, B2, C2 are significant model terms. Values greater than 0.1000 indicate the model terms are not 
significant. The "Lack of Fit F-value" of 2.21 implies the Lack of Fit is not significant relative to the pure error. 
There is a 21.11% chance that a "Lack of Fit F-value" this large could occur due to noise. The "Pred R-Squared" 
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of 0.9715 is in reasonable agreement with the "Adj R-Squared" of 0.9990. "Adeq Precision" measures the signal 
to noise ratio. A ratio greater than 4 is desirable, hence indicates an adequate signal. This model can be used to 
navigate the design space. The result of R-Sequared statistics are desirable, because they are close to one. 
Consequently, the final equation in terms of coded factors is shown in Eq.2. 
Y = 98.87 + 0.35 * A +0.85 *B + 2.00 *C – 0.80 *A *B + 1.65 *A *C +1.65 *B *C – 1.68 * A2 -3.68 * B2 – 
0.83 * C2                                                                                                                    (2) 
 
Table 5: ANOVA for response surface quadratic model for microwave demulsification. 

Source 
Sum of 
Squares 

df 
Mean 
Square 

F Value 
P-value 
Prob>F 

 

Model 145.93 9 16.21 1578.02 < 0.0001 Significant 
A-Time 0.25 1 0.25 23.84 0.0045  
B-Power 1.44 1 1.44 140.63 < 0.0001  

C-Demulsifier Conc 8.00 1 8.00 778.57 < 0.0001  
AB 0.85 1 0.85 83.05 0.0003  
AC 3.63 1 3.63 353.27 < 0.0001  
BC 3.63 1 3.63 353.27 < 0.0001  
A^2 7.40 1 7.40 719.90 < 0.0001  
B^2 35.45 1 35.45 3450.27 < 0.0001  
C^2 1.81 1 1.81 176.09 < 0.0001  

Residual 0.051 5 0.010    
Lack of Fit 0.018 1 0.018 2.21 0.2111 not significant 
R-Squared 0.9996      

Adj R-Squared 0.9990      
Pred R-Squared 0.9715      
Adeq Precision 148.171      

 
 Diagnostic of the predicted versus actual plot for water separation of emulsions treated with microwave is 
shown in Figure 3. It can be observed that there is a good alignment between the predicted and actual plot 
points. Means they are positioned in a straight line, which is a good indication that the model is significant. As 
well as, they indicate that the experimental results have suited with the design model. 
 

 
 
Fig. 3: Diagnostic of the predicted versus actual plot of emulsions treated by microwave irradiation. 
  
 The influence of processing time, microwave power, and demulsifier concentration on the water separation of 
W/O are shown in Figures 4, with their response surface plot and corresponding contours, respectively. The 
plots displayed in Figure 4 (a), illustrate the effect of processing time (1-5) minutes and microwave power (180-
540) watt on the response (water separation). It can be observed that increasing the processing time from (1-5 
minutes), had a significant influence on the result of water separation. Because, by increasing the exposure time, 
the heating rate increases as well. However, the highest processing time (5 minute) did not show a significant 
effect when the microwave power was at 540 watt. From the plots it can be seen that increasing the time along 
with the microwave power were insignificant for water separation. Meaning that in microwave power of 540 
(watt) and exposure time of 5 (minutes), the lowest separation was obtained which was recorded at only 87.8 %. 
This may attributed to the over heating of the sample, because the long processing time and high microwave 
power will result in reducing the oil quality and hence to the low separation efficiency (Chan and Chen, 2007; 
Saifuddin and Refal, 2014). As claimed by Nour et. al. (2012), increasing the microwave power will result to the 
increase in penetration depth and wavelength. Therefore, it can be claimed that, the demulsification rate 
increased with the irradiation time and microwave power. However, longer processing time more than 3 minutes 
along with microwave power greater than 360 watt, suffered from over boiling. 
 Figure 4 (b), illustrates the effect of power and demulsifier concentration on the water separation of 
emulsions treated with microwave irradiation. It can be observed that demulsifier concentration was also 
effective on the rate of demulsification. The results indicate that the percentage of water separation increased by 
increasing the amount of demulsifier. The higher demulsifier concentration leads to the faster movement of 
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molecules inside the emulsion. As stated by Issaka et al. (2014), that the high demulsifier concentration and 
short exposure time would be along with high separation yield. Consequently, the best water separation 
efficiency 100 % for emulsions treated with microwave irradiation was achieved at 3 (minutes), 360 (watt), and 
2.50 vol. %, respectively. 
 

 
 
Fig. 4: Response surface plots showing the influence of; a) time and power, and b) power and demulsifier    
         concentration on the water separation of 40-60 % W/O emulsion treated by microwave irradiation. 
 
3.3. Experimental Design And Optimization Of Conventional Heating Demulsification: 
 The conventional heating demulsification was applied using a “hotplate”. The purpose of applying this 
method was to evaluate and compare the heating efficiency of hotplate and microwave oven, and to find the 
optimum condition in W/O emulsion demulsification in these two heating methods. The same procedure was 
used for both teckniques. Meaning that the factors such as processing time (1-5) minutes and demulsifier 
concentration (1.5-2.5) vol.% were same as in microwave heating optimization. However, in conventionl 
heating optimization, temperatures from (30-160) ºC were used instead of power in microwave.  
 The ANOVA for response surface quadratic model for 40-60 % W/O treated by conventional 
demulsification method is presented in Table 6. It indicates that the Model F-value of 6.38 implies the model is 
significant. There is only a 2.75% chance that a "Model F-Value" this large could occur due to noise. Values of 

"Prob > F" less than 0.0500 indicate model terms are significant. In this case A, B, C2 are significant model 
terms. Values greater than 0.1000 indicate the model terms are not significant. The "Lack of Fit F-value" of 0.04 
implies the Lack of Fit is not significant relative to the pure error. There is a 84.39% chance that a "Lack of Fit 
F-value" this large could occur due to noise. The "Pred R-Squared" of 0.6972 is in reasonable agreement with 
the "Adj R-Squared" of 0.7758. "Adeq Precision" measures the signal to noise ratio.  A ratio greater than 4 is 
desirable and it indicates an adequate signal.  This model can be used to navigate the design space. The final 
equation in terms of coded factors for this design is displayed in Eq. 3. 
Y = +94+0.75 *A+0.75 *B+0.000 *A*B+0.000 *A*C+0.000 *B*C+0.10 *B2-0.40 *B2 +0.85 *C2                                                                                                           
                (3) 
 
Table 6: ANOVA for response surface quadratic model (40-60) % W/O. 

Source Sum of Squares df Mean Square F Value 
P-value 
Prob>F 

 

Model 9.29 9 1.03 6.38 0.0275 Significant 
A-Time 1.13 1 1.13 6.95 0.0461  

B-Temperature 1.13 1 1.13 6.95 0.0461  
C-Demulsifier Conce 0.000 1 0.000 0.000 1.0000  

AB 0.083 1 0.083 0.52 0.5050  
AC 0.000 1 0.000 0.000 1.0000  
BC 0.000 1 0.000 0.000 1.0000  
A^2 0.028 1 0.028 0.17 0.6961  
B^2 0.41 1 0.41 2.55 0.1713  
C^2 1.90 1 1.90 11.76 0.0186  

Residual 0.81 5 0.16    
Lack of Fit 8.824E-003 1 8.824E-003 0.044 0.8439 not significant 
R-Squared 0.9199      

Adj R-Squared 0.7758      
Pred R-Squared 0.6972      
Adeq Precision 9.135      
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 Diagnostic of the predicted versus actual plot for water separation of emulsions treated with conventional 
heating is shown in Figure 5. It can be observed that there is an approximately good alignment between the 
predicted and actual plot points. Means they are almost positioned on a straight line, which is a good indication 
that the model is significant. As well as, they indicate that the experimental results have suited with the design 
model.    

 
 
Fig. 5: Diagnostics of the predicted versus actual plot of W/O emulsions treated by conventional heating. 
 
 The 3D plots and contour lines of emulsions treated by conventional heating demulsificaion are shown in 
Figure 6. The plots show the effects of processing time (1-5) minutes, temperature (30-160) ºC, and demulsifier 
concentration (1.5-2.5) vol. %, for water separation of W/O emulsions. As it can be seen that the demulsifier 
concentration was more effective factor for water separation rather than heating time and temperature. As there 
was not a significant temperature increase within the first minute, while the temperatures were almost constant 
to the starting point around 30 ºC. However, when the heating time increased to 5 minutes and hotplate 
temperature settled to 160 ºC the best separation efficiency was achieved at 96 % with demulsifier concentration 
1.5 vol. %. The reason is that by enhancing the rate of the temperature, the emulsion can absorb more energy to 
heat and reduce the viscosity, while it predisposes the mechanisms of Coalescence, and hence water separation.  
 

 
 
Fig. 6: 3D plots and contour lines showing the effects of; a) time and temperature, and b) temperature and   
     demulsifier conc, on response of W/O treated by conventional demulsification. 
 
3.4. Comparison Studty of Demulsification Methods:  
 The comparison between microwave demulsification and conventional methods of demulsification in their 
optimum condition is displayed in Figure 7. It was found that microwave heating is quite different from the 
conventional heating. In conventional thermal technique, energy transfers to the material through the 
convection, conduction, and radiation of heat from the surface of the material, and takes long time to heat inside 
of the material. However, in microwave heating the energy transfers to the material directly through the 
molecular interaction, and hence molecules become more energized, which finally results in a higher reaction 
rate (Venkatesh and Raghavan 2004; Tan et al., 2007). 
 As it can be observed in Figure 7 that microwave radiation can enhance the demulsification rate by means 
of its dielectric heating, therefore, the separation efficiency reached to 100 % within 24 hours. However, in 
conventional heating using hotplate, the separation efficiency was only at 60 % at same condition, where it 
reached 96 % after the third days.  
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Fig. 7: A comparison between hotplate, and microwave demulsification methods. 
 
Conclusions: 
 The main idea of this research was to find a better solution for demulsification of water-in-crude oil 
emulsion through the application of different methods; microwave heating demulsification, and conventional 
heating demulsification in their optimum points. The finding of microwave heating demulsification describes 
that higher microwave power (540 watt) along with the radiation time (5 min) were not much effective for water 
separation. This is because of the over boiling of the samples. Consequently, for microwave heating 
demulsification the best water separation efficiency was achieved at 3 (minutes), 360 (watt), and 2.50 vol. %. 
Based on the results of conventional heating demulsification, it was found that the demulsifier concentration 
was more dominated than the heating time and temperature in hotplate. Because, when the hotplate temperature 
was settled to 160 ºC, the difference between the starting and ending temperature point was about 5 ºC. Meaning 
that hotplate was not effectively able to heat emulsion for 5 minutes. Finally, it was found that microwave-
assisted chemical demulsification method was more effective to separate water (100 %) from the emulsion, 
while it compared with the conventional heating. 
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