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CLAIMS 

 

1. A method for demulsifying an emulsified petroleum source having a 

predetermined resin-to-asphaltene ratio without substantial aggregation or precipitation 

of asphaltenes, the method comprising: 5 

adding a resin supplement to the emulsified petroleum source to form a resin-

supplemented emulsion having a resin-to-asphaltene ratio above a predetermined 

critical value; 

adjusting an acidic-to-basic ratio of acidic functional groups to basic functional 

groups in the supplemented emulsion to be from about 0.25 to about 4.0; 10 

contacting the resin-supplemented emulsion with carbon dioxide to form an 

initial mixture, the initial mixture having an emulsified oil phase and an emulsified 

aqueous phase, the carbon dioxide being chosen from subcritical carbon dioxide or 

supercritical carbon dioxide; 

stabilizing the initial mixture to facilitate rupture of the resin-supplemented 15 

emulsion; 

forming a phase-separated mixture from the initial mixture, the phase-separated 

mixture comprising a separated aqueous phase and a separated oil phase; and  

removing the separated oil phase from the phase-separated mixture, 

wherein the resin-to-asphaltene ratio being above the predetermined critical 20 

value in the resin-supplemented emulsion maintains asphaltene suspension in the resin-

supplemented emulsion, the initial mixture, the phase-separated mixture, and the 

separated oil phase removed from the phase-separated mixture. 

 

2. The method of claim 1, wherein the emulsified petroleum source is an 25 

oil-in-water emulsion or a water-in-oil emulsion. 

 

3. The method of claim 1, wherein the resin supplement is chosen from 

Coker gas oil, Visbreaker oil, liquefied lignin components, vanillin, lignin sulfonates, 

and light cracked distillates, and medium cracked distillates. 30 
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4. The method of claim 1, wherein the emulsified petroleum source 

comprises crude oil. 

 

5. The method of claim 1, wherein adjusting the acidic-to-basic ratio 

comprises adding an organic acid to the supplemented emulsion to raise the acidic-to-5 

basic ratio or adding additional resin supplement or an organic base to the supplemented 

emulsion to lower the acidic-to-basic ratio. 

 

6. The method of claim 1, wherein the emulsified petroleum source has an 

oil temperature of less than 250 °C. 10 

 

7. The method of claim 1, wherein the contacting of the resin-supplemented 

emulsion with the carbon dioxide is performed in a demulsification vessel or in a 

petroleum reservoir, preferably wherein the contacting of the resin-supplemented 

emulsion with the carbon dioxide is performed at a system pressure of from 1 bar to 15 

300 bar and at a system temperature from above the supercritical temperature of the 

carbon dioxide to about 100 °C or at a system temperature from above the supercritical 

temperature of the carbon dioxide to about 50 °C. 

 

8. The method of claim 1, further comprising: 20 

analyzing the emulsified petroleum source before adding the resin supplement to 

determine an amount of resin supplement required to be added to the emulsified 

petroleum source to attain a resin-to-asphaltene ratio of the supplemented emulsion 

above the predetermined critical value of the resin-to-asphaltene ratio; and 

analyzing the emulsified petroleum source before adjusting the acidic-to-basic 25 

ratio to determine an amount of organic acid, organic base, or additional resin 

supplement required to be added to the emulsified petroleum source to attain the acidic-

to-basic ratio of the supplemented emulsion of from about 0.25 to about 4.0. 

 

9. The method of claim 8, wherein determining the amount of resin 30 

supplement required to be added to the emulsified petroleum source further comprises: 

determining a crude-oil refractive index (RI)OIL of the crude oil; 
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determining a precipitation-onset refractive index (P) of the crude oil, at which 

asphaltene precipitation occurs; 

determining a supplement refractive index (RI)RS of the resin supplement; 

determining a stabilizing amount of resin supplement required to be added to the 

emulsified petroleum source to provide a stability refractive index difference 5 

∆(RI) > 0.060 for the resin-supplemented emulsion, where ∆(RI) = (RI)MIX – P and 

(RI)MIX is a mixture refractive index of the resin-supplemented emulsion. 

 

10. The method of claim 1, wherein stabilizing the initial mixture comprises 

agitation of the initial mixture to facilitate the rupture of the resin-supplemented 10 

emulsion through coalescence of the emulsified oil phase, the emulsified aqueous phase, 

or both. 

 

11. The method of claim 1, wherein the emulsified petroleum source 

comprises crude oil, the method further comprising: 15 

determining a crude-oil refractive index (RI)OIL of the crude oil; and 

selecting the resin supplement to have a supplement refractive index (RI)RS such 

that (RI)RS = (RI)OIL ± 10%. 

 

12. The method of claim 1, wherein the supplemental resin is a cracked 20 

fraction of a crude oil, the cracked fraction containing organic heterocyclic groups. 

 

13. The method of claim 1, further comprising monitoring the resin-to-

asphaltene ratio, the acidic-to-basic ratio, or both while the resin-supplemented 

emulsion is contacted with carbon dioxide; and performing at least one adjustment 25 

chosen from: adjusting an amount of resin supplement being added to the emulsified 

petroleum source to maintain the resin-to-asphaltene ratio of the initial mixture or the 

phase-separated mixture above the predetermined critical value; or adding organic acid 

or organic base to the initial mixture or the phase-separated mixture to maintain the 

acidic-to basic ratio at from about 0.25 to about 4.0. 30 
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14. The method of claim 1, wherein the acidic-to-basic ratio of acidic 

functional groups to basic functional groups in the supplemented emulsion is adjusted to 

be from about 0.5 to about 2.0. 

 

15. The method of claim 1, wherein the phase-separated mixture further 5 

comprises: 

a gas phase above the separated oil phase, the gas phase containing carbon 

dioxide; 

a mixed phase above the separated aqueous phase and below the separated oil 

phase, the mixed phase containing the emulsified oil phase and the emulsified aqueous 10 

phase of the initial mixture; 

wherein preferably the method further comprising capturing or recycling the 

carbon dioxide from the gas phase of the phase-separated mixture. 


