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Abstract: Cellulose Nanocrystals (CNCs) are highly effective emulsion stabilizers with or without added 

surfactants, capable of producing emulsions that are stable for more than 30 months. This seminar will focus 

on fundamental aspects of CNC stabilized emulsions and foams, while touching on a variety of applications 

for these dispersions.  Stable emulsions were prepared with dodecane, crude oil, CO2 and castor oil as organic 

phases; while the aqueous phases contained cellulose nanocrystals (CNC), surfactants and/or dissolved 

electrolytes. The Pickering emulsions prepared herein have potential applications in a broad range of fields 

including underground sequestration of CO2, enhanced oil recovery, oil spill clean-up, drug delivery and 

enhancement of liquid/liquid extraction processes. Two high ionic strength (I) brines were studied, American 

Petroleum Institute (API: I=1.9M) brine and synthetic seawater (SSW; I=0.65M). Adding CNCs to bis-(2-

hydroxyethyl) cocoalkylamine (CAA) increased the surface tension of the surfactant solution, however there 

was no appreciable change for dodecyltrimethylammonium bromide (DTAB) and octyl-β-D-glucopyranoside 

(OGP) despite them adsorbing onto the nanoparticles.  The adsorption energy of CNC onto the oil/brine 

interface was estimated from contact angles and interfacial tension using a newly derived equation.  It was 

determined that addition of CAA or DTAB lowers the CNC adsorption energy. Consequently, CAA addition 

led to emulsion breakup. In the case of DTAB the interfacial tension was low enough to allow the formation of 

stable emulsions, despite suffering from a moderately low adsorption energy.  Oil content, adsorption energy 

and interfacial tension were the main factors contributing to emulsion stability.  The CNCs were then used to 

prepare crude oil emulsions for oil biodegradation and high-pressure CO2 foams for underground 

sequestration of the greenhouse gas. CNCs were also coated with magnetite (Fe3O4) nanoparticles by a single 

one-step co-precipitation method. Successful assembly was confirmed by TEM and FTIR spectroscopy.  The 

superparamagnetic hybrid nanoparticles had saturation magnetizations as high as 62 emu/g for magnetite to 

cellulose mass ratios of 1:4. Although, their colloidal stability decreased as the magnetite content was 

increased.  Magnetically responsive Pickering emulsions were prepared using the superparamagnetic hybrid 

nanoparticles.  Water in oil emulsions could be broken at will after being exposed to an external magnetic 

field, while oil in water emulsions showed higher stability under the influence of a magnet.   

Dr. Esteban E. Ureña-Benavides is an Assistant Professor in the Department of Biomedical 

Engineering and Chemical Engineering at the University of Texas at San Antonio (UTSA).  Before joining 

UTSA, he was an Assistant Professor at the University of Mississippi.  He received his PhD degree from 

Clemson University, after which he completed three postdoctoral positions at Auburn University, Georgia 

Tech and the University of Texas at Austin.  His research interests are centered around controlling the 

physicochemical properties of nanoparticles via molecular scale manipulation of interfacial interactions.   
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