Partition Coefficient

Part I    


INTRODUCTION

General Definition of Partition Coefficient:

Partition coefficient is the ratio of the concentration of a chemical species adsorbed or dissolved by one phase to the concentration of the species in the other phase.

The partition coefficient for each of the three organic acids, as defined in the equation:



K = [org. acid in oil] / [org. acid in water] (by mass)

The effects of pH, temperature and organic acid concentration on the partition coefficients for short-chain organic acid were measured in a crude oil / water system.

Temperature of 25 – 70 C, pH values of 2.0 – 12.0 and acid concentration of 10-1000 mg/L were studied.

Formic, Acetic and Propionic acids are substrates for microbial souring of oil reservoirs. 

The great percentage (85+%) of these acids was dissolved in the aqueous phase. The log of the partition coefficient K increased approximately linearly with the number of carbon atoms in the acid. 

Problems of Organic Acids:

The presence of these acids can accelerate the rate of corrosion of well tabular.  They also contribute in the souring of oil reservoirs due to their consumption by sulfate reducing bacteria (SRB). Also, these organisms can proliferate and block up the rock pores in the reservoir, hence causing a loss of injectivity. 

Organic acids are readily available carbon sources for sulfate reducing bacteria (SRB).  At low pH crude oil may provide a source of organic acids. Short-chain organic acids are favored substrates for metabolism by SRB.

Instrumentation:

The analysis for these organic acids was performed using the Capillary Electrophoresis Technique, which provides a rapid analysis of these low molecular organic species. 

Capillary Electrophoresis (CE):

A separation technique in which a sample is introduced into a capillary tube and the compounds are separated by the first application of high voltage.

These include sugars, peptides, chiral molecules, pharmaceutical drugs and inorganic ions.

Capillary:

 It is a tube of small diameter. Capillaries are typically of 50 µm inner diameter and 0.5 to 1 m in length. The applied potential is 20 to 30 kV. Due to electro osmotic flow, all sample components migrate towards the negative electrode. A small volume of sample (10 nL) is injected at the positive end of the capillary and the separated components are detected near the negative end of the capillary.

Performing electrophoresis in small-diameter capillaries allows the use of very high electric fields because the small capillaries efficiently dissipate the heat that is produced. Increasing the electric fields produces very efficient separations and reduces separation times. 

Benefits of Capillary Electrophoresis (CE) include: 

· Rapid analyses 

· High efficiency and resolving power 

· Low sample consumption 

· Versatility and ease of use. 


Experimental Section:

Three variables central composite designed experiments were used to determine the effects of pH, temperature and organic acid concentration on the partition coefficients in a crude oil / water system. 

Three levels of each variable were used in the design:


Temperature of   25, 55 and 70 C


pH value of 2.0, 7.0 and 12.0

And high, medium and low levels of acid concentration:

High concentration was:


1000mg/L acetic acid


500mg/L propionic acid 


100mg/L formic acid 


Medium concentration was:



550mg/L acetic acid 


275mg/L propionic acid 


55mg/L formic acid 

Low concentration was:


100mg/l acetic acid 


50mg/L propionic acid 


10mg/L formic acid 

These variables and their levels were selected to represent reservoir conditions based on the input of the oil company.

Determination of Organic Acid Concentration in Crude Oil/Water System:

1. Determination of Organic Acid Concentration in the Aqueous-phase layer: 

Aqueous-phase organic acid concentrations were determined by adding different ratio of formation water (from the well) to the crude oil:  10%, 30%, 50% and 70% water.


     10% H2O

30% H2O
      50% H2O

   70% H2O



Then the samples were shacked for one day at 700 OSC/min,

After that, the water layer was separated from the crude oil

Finally, the water layer was analyzed from organic acid by Capillary Electrophoresis (CE).

2. Determination of Organic Acid Concentration in the Oil-phase layer: 

Oil-phase organic acid concentrations were determined by withdrawing 5ml of the crud oil after laying the reaction vessel on its side to allow access to the crude oil phase,

Then 10ml of 0.1M Na2CO3 (sodium carbonate) was added to extract the organic acids from the crude oil.

The reaction involve (Acid-base Reaction):

2 CH3CO2H + Na2CO3     

       2 CH3CO2-  Na+  + H2CO3
H2CO3           
CO2 + H2O

It was shown in separate experiments that 0.1M Na2CO3 works as extraction agent.


          Sample 1
      Sample 2

   Sample 3
          Sample 4

10% H2O
      30% H2O
              50% H2O
         70% H2O



Then the samples were shacked for two hours at 160 osc/min,

Finally, the aqueous layer was separated from the crude oil and Capillary Electrophoresis (CE) analyzed the aqueous layer from organic acid.

Study The Behaviors of Crude Oil / Water System:

Three different types experiments were performed to study the behaviors of crude oil / water system using the three variables central composite design:

The first experiment used crude oil from Shudgm well and the formation water* from Shudgm well also.

The second experiment used crude oil from Shybah well and the formation water from Shybah well also.

The third experiment used crude oil from Shybah well and the formation water from Shudgm well, to study the changes with different wells.

*Formation water is the water that found with crude oil in the oil well.

Experiments For Studying The Behaviors of Crude Oil / Water System:

1. Used Shudgm crude oil and Shudgm formation water.

2. Used Shybah crude oil and Shybah formation water.

3. Used Shybah crude oil and Shudgm formation water.

4. Used Shybah crude oil and Shybah high standard.

5. Used Shybah crude oil and Shybah medium standard.

6. Used Shybah crude oil and Shybah low standard.

7. Used Shybah crude oil and Shybah formation water with pH= 4 by adding 0.1M HCl to the formation water.

8. Used Shybah crude oil and Shybah formation water with pH= 10 by adding 0.1M NaOH to the formation water.

9. Used Shybah crude oil and Shybah formation water with pH= 2 by adding 0.1M HCl to the formation water.

10. Used Shybah crude oil and Shybah formation water with pH= 12 by adding 0.1M NaOH to the formation water.

11. Used Shybah crude oil and Shybah formation water, at 70 C to study the effect of temperature.

* Each experiment was done twice for more precision and more accuracy.

** Two days were spent in Shybah to collect samples from Shybah well, which contain high water ratio.

Conclusions:

1. The presence of the organic acids can accelerate the rate of corrosion of well tabular.  

2. Organic acids contribute in the souring of oil reservoirs due to their consumption by sulfate reducing bacteria (SRB). 

3. The organisms (SRB) can proliferate and block up the rock pores in the reservoir, hence causing a loss of injectivity. 

4. pH has the largest effect on the partition coefficients, while the temperature and acid concentration have only small effects on the partition coefficient. 

5. At conditions normally expected in an oil reservoir (pH 5-7), the large majority of the organic acids (85+%) will be dissolved in the aqueous phase. And if the reservoir conditions exist at below pH= 5 a significant quantity of organic acids is dissolved in the oil phase.

6. The log of the partition coefficients K increases approximately linearly with the number of carbon atoms in the organic acid.

7. Shudgm crude oil has higher viscosity than Shybah crude oil.

8. Shybah crude oil has higher amount of organic acids than Shudgm crude oil.
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