Abstract

In the process of producing and transporting crude oil, the occurrence of
flow assurance dispersions/solids (water-in-crude oil emulsions, gas
hydrates, asphaltenes) can reduce and even arrest the flow of
hydrocarbons. By characterizing the interface of the oil and water, the
behavior of multi-phase dispersions can be analyzed. This analysis can
be used to find the stability of different dispersions. This research work
focused on using several oils and brines, in order to characterize oil-
water interfaces at conditions similar to field conditions. By creating
emulsions with the oils and brines, emulsion stability could be
determined by measuring the amount of separated water and the
average droplet size. Larger droplet sizes indicated less stable
emulsions. The water — oll interfacial tension is used to estimate the
interfacial activity of natural surfactants. In general, a lower interfacial
tension indicated the presence of more interfacially active natural
surfactants, and thus a higher tendency to produce stable water — in —
crude oil emulsions . This high interfacial activity has strong implications
towards a low gas hydrate plugging risk of oil in the field. Using this
information, the strategies to reduce gas hydrate plugging problems in
the oil and gas industries can be optimized to reduce the amount of
chemicals used, lowering the environmental impact.

Objectives

Certain crude oils have natural surfactants that behave as gas hydrate
anti-agglomerants. By measuring emulsion stability, non-plugging
behavior in a pipeline can be predicted. The water entrainment phase
in crude oil production was the area of focus. Different brines and crude
oils were used to generate water-in-oil emulsions. These emulsions
were characterized by measuring droplet size, gravitational separation
and water-oil interfacial tension (IFT).

adapted from Turner et al. 2005 and Abrahamson
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Figure 1. Hydrate formation in a pipeline [1]
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Figure 2: Variation of Interfacial Tension Over Time [2]
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Results
Table 1. Emulsion droplet size measurements
10 wt% NacCl 10 wt% CaCl, 6.33 wt% CaCl,
Crude Oil Separated Mean droplet | Separated Mean droplet | Separated Mean droplet
water size (um) water size (um) water size (um)
Z-1 0 144 + 3.5 0 142 +4.0 0 146 +29
Z-4 0 16.3 £4.7 0 15.1+3.8 0 15.3+4.0
Z-5 0 15.4 £6.5 0 16.1 £ 8.1 0 16.1 £ 5.8
W-1 0 19.0 £ 8.1 0 19.7 £ 11.0 0 18.9+ 8.8
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Figures 3 and 4. W-1 and Z-4 with 6.33 wt% CaCl2

Crude Oil Z-1 and Brine 6.33 wt% and 10 wt% CaCl, at
ambient conditions
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Figure 5. Interfacial Tension vs. Time with different brines
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Figure 6. Interfacial Tension at equilibrium conditions between Crude
Oils and Brines

Experimental Procedures

* All w/o emulsions were prepared with a 50% WC, using 10 mL
of crude oil and 10 mL of brine. Phases were homogenized at
8000 rpm for 3 minutes, while brine was added dropwise
during the first minute of homogenization

 Emulsions were placed in the oven for 24 hrs at 55 °C

* The water phase was a brine with different composition:
* 10 wt% NaCl
* 10 wt% CacCl2

* 6.33 wt% CaCl2*

* *6.33 wt% CaCl2 was found to have the same ionic strength as
10 wt% NaCl

* |[FT measurements were taken for 3600 seconds, with 1 frame
taken every 16 seconds

 For all IFT measurements, a hook needle was used, due to
the lower density of oil compared to the solution

Conclusion

While all emulsions made were stable due to the fact that they had no
free water present, the interfacial tension and droplet size
measurements gives more of an idea of their relative stability in a
pipeline. In general, the crude oil W-1 had the largest interfacial tension
and emulsion droplet measurements. The larger interfacial tension
iIndicates that there is less activity occurring at the interface of the oil-
water system, meaning there is a higher risk of plugging in pipelines.
The presence of salts in the water phase increases the interfacial
activity of natural surfactants. The magnitude of that increase depends
on the nature of the crude oil, as can be inferred from IFT values.
Natural surfactants in oil Z-1 showed to be very sensitive to CaClI2; thus,
increasing the CaCl2 concentration in the water phase from 6.33 to 10
wt. %, the water-oil interfacial tension was reduced ~17%. This work
represents an important insight in understanding the qualitative
correlation between interfacial properties of multiphase systems and
hydrate transportability in crude oil production

References

[1] Sjoblom J. et al. 2010. Investigation of the Hydrate Plugging
and Non-Plugging Properties of Oils. Journal Dispersion Science
and Technology, 31: 1100-1119.

[2] Delgado-Linares J. et al. 2022. CHR Spring Consortium
Presentation.

[3] Delgado-Linares J. et al. 2022. Gas Hydrate Research: From the
Laboratory to the Pipeline. World Atlas of Submarine Gas Hydrates in
Continental Margins, 3-13.

[4] Delgado-Linares J. et al. 2020. Effect of Alcohols on Asphaltene-
Particle Size and Hydrate Non-Plugging Behavior of Crude Oils.
Offshore Technology Conference, 1-13.




