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Background: 
Consortium evolved from a workshop sponsored by the Interfacial, Transport 
and Thermodynamics Program at NSF (Sept. 21, 2010).  



•  Primarily physical scientists and chemical and environmental 
engineers. Experiment and theory.  

•  Research driven by molecular concepts. 

•  Focus  on Theme IV (Technologies for mitigation and 
remediation) 

•  Use of Computational Chemistry and Molecular  Simulations.   

•  Application of modern tools (neutron and x-ray scattering, cryo 
electron microscopy, high  pressure spectroscopy, etc.) 



Three Focused Research Groups  

(1)   FRG-1: Thermodynamics, Interfacial Phenomena 
and Microstructure of Oil/Gas/Dispersant Mixtures 
in the Deep Sea  

(Keith  Johnston) 

(2) FRG-2: Dynamics of phenomena related to oil-
dispersant systems.  
(KT Valsaraj) 

(3) FRG-3: Novel Dispersant Design and Efficacy Testing       
for Alternative Formulations.  
(Arijit  Bose)   



Outreach and Broader Impacts 

•   Traditional Research  Experience  for  Undergraduates 
(individual PIs) 

•  LSAMP (Louis-Stokes Alliance  for Minority Participation in 
Research) type program centered at Tulane/LSU for the 
summers. 

•  Teacher training  and research experience centered at 
Tulane/LSU. 

•  Journalist Training centered at the University of Rhode 
Island (Metcalf Institute) 

•  Community Outreach 



Simulation of Clathrate Hydrate Formation 

Molecular Simulations 
Generation of phase diagrams. 
Understanding gas hydrate formation in  
systems with gas expanded systems. 
Surfactants and particles at interfaces 



Characterization of Dispersant Adsorption Timescales Using a Microscale 
Tensiometer 

Ramification: Primary surfactant component of dispersants contains component that adsorbs 
irreversibly.  If this is a PEO-like molecule, bacterial growth could be hindered. 

Dynamics of 
adsorption 

Irreversibly 
adsorbed surface 
active species. 

Oil 
Solution 

Model system: 
•  Dispersant:Tween-80 
•  Oil: Squalane 
•  Aqueous: SSW 

Microtensiometer technique: 
•  Microscale interface 
•  Rapid, low volume 

Initial results: Isotherm for the model 
system has been characterized.  Tween-80 
appears to be a multicomponent material 
with at least one species that does not 
desorb easily from the interface. 

Wash out solution 



Phase Selective Gelation 



Particles to stabilize droplets – Pickering 
Emulsions 



Advanced Multiphase Flow Models 

Large Scale dispersion of oil plume. 
Simulated using volume averaged models (cross 
current right to left, Oil released as a source 

at the bottom) 

Rise and fall of oil droplets.  

The initially light droplets rise, but lose lighter 
material by dissolution and evaporation. becoming 

heavier and finally sink to the bottom.  
Simulated by using volume of fluid algorithm 

Future work will look at the effect of 
surfactants on such processes 

Future work will look at gas/oil plumes and 
formation of intrusion layers in stratified fields 



Microfluidic studies of dispersion and coalescence 

Goal: Understand the optimal surfactant and polymeric surfactant 
combinations to enable rapid dispersion of oil in the deep water 
environment, but stabilization against coalescence at the ocean surface. 

1. Microfluidics enables ultrafast 
studies of surfactant attachment to 
interfaces and drop breakup 

2. During drop ascent surfactants partition off of 
the oil drop interface and droplets will re-
coalesce at the surface. Multi-point, cooperative 
polymeric surfactant adsorption  prevents “slick” 
formation. Microfluidics enables precise control  
and quantification of coalescence forces.  



LARGE 
OIL 

GLOBULE 

APPLICATION OF 
DISPERSANT 

BREAKS OIL INTO 
SMALL DROPLETS 

APPLICATION OF 
BIOPOLYMER  

HYDROPHOBIC GROUPS OF 
BIOPOLYMER ANCHOR IN OIL  

AND THE POLYMER WRAPS 
ITSELF AROUND THE DROP 

AND ENHANCES  COLLOIDAL 
STABILIZATION 

Modified Biopolymers (chitosans, alginates) to act in synergy with dispersants 



Left: COREXIT alone 
Right: COREXIT + HMC 

1:100 v/v COREXIT :Oil 



Instrument Access 

Scattering (neutron, x-rays) – NCNR, CAMD 
Microfabrication – Multiple Institutions 
Cryo Electron Microscopy -  Minnesota, Tulane, 
URI, UT Austin 
Atomic Force Microscopy – Multiple Institutions 
Analytical Instrumentation – Multiple Institutions 



Consortium Website to be set up to facilitate collaboration. 

First Full Meeting of the Consortium Participants in conjunction 
with the ACS Spring Meeting,  San Diego, March 25-29. 
Symposium on Dispersants (organized by Karl Linden) 


