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Lecture Outline 

  

ÅDesign of Fluids and Materials 

ÅAdvanced Formulation and (More) Systematic Design of Fluids 

 

ÅThe Wormôs Tale 

ÅSmarter Fracturing Fluids 

 

ÅThe Potterôs Tale 

ÅClays for Drilling Fluids ï enhancing performance 

 

ÅSome Conclusions 
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From Understanding to Designing Fluids 

4 

Composition  ï molecules 
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From Understanding to Designing Fluids 
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Composition  ï molecules 
and molecular assemblies  

Forces  Bulk Properties  

Structure  
-molecular, nano, micro  

Process  

Cost  Material availability  

Market acceptability  

Environmental Compliance  

Which 
Components?  
How much of 
each?  
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From Empirical Formulation to Systematic 

Fluid/Materials Design  

Editorial: 

 

G.C. Maitland 

Transforming 'formulation':  

systematic soft materials design 

Soft Matter, 2005, 1(2), 93 - 94 



Systematic Fluid Formulation 

   

Experiment  Simulation  

Theory  

Macroscopic  

Molecular  

Mesoscopic  

k, lp, bTé 
*  

1. Understand 
mechanisms  

2. Design 
new/improved 
fluids/materials  

Cp, G, Sol, h(T,P,xé) 

Coarse Graining 

*Including High-Throughput  and 

Combinatorial Methods 

Product  



Main building blocks for (oilfield) 

functional fluids 

ÅHydrocarbons 

ïAliphatics, aromatics, polaré 

ÅPolymers 

ÅSurfactants 

ÅColloids 

ïMineral colloids 

ïAnisotropic claysé 
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     The Wormôs Tale    
Stimulating an oil-gas reservoir 

by Hydraulic Fracturing 
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Hydraulic Fracturing 

   

Flow restricted by radial geometry 

Increased productivity through fractures 

Before 
Treatment  

After 
Treatment  
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Aqueous Solutions of Guar ï the 

Standard Fracturing Fluid 

 

 

 

 

 

 

 

  

Guar: Galactomannose, M ~ 105-106 
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The Problem -  
Polymer vs Surfactant Fluids:            

Fracture Permeability   
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     Problem:  
Guar Polymer Fracturing Fluids give 

<50% Theoretical Production from 

Fractures 

  

Solution: 
Shower Gels for Deep Hot Wells - 

Wormlike Surfactant Micelles at  >150oC 

Low ProductionéWorms to the rescue! 
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Oil-responsive Viscoelastic Surfactants 

  

Worm-like Micelles Network of Worm-like  

Micelles 
Spherical Micelles 
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One Source of Worms... 
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   Viscoelastic Surfactant Fracturing Fluids 

Å  
ÅHydrophobic 

tail  

ÅC22  chain  

Åcis double 
bond at C 13  

ÅHydrophilic 
head group  

Åquaternary 
ammonium 
with      2 
hydroxyethyl 
groups  

ÅDerived from         
rape seed oil  

ÅBlended with          
iso - propanol  

 

CH3ï(CH2)7

C C

HH

(CH2)11ïCH2ïNïCH3

CH2ïCH2ïOH

CH2ïCH2ïOH

+

ð
Cl

Erucyl bis (2 -hydroxyethyl) methyl ammonium chloride  

EHAC 
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Typical Lengthscales 

S.R. Raghavan and E.W. Kaler 

Univ of Delaware 



  

   

Bulk Properties 

Simulation 

Theory 
Phenomenological 

Parameters 

Simulation 

Theory 

Experiment 
Macroscopic 

 Molecular 

Mesoscopic 

Experiment 

Coarse 

Graining 

Type of Study 



Bulk Rheology 

 
Continuous Shear Flow 
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VES Shear Viscosity 
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ÅZero-shear viscosity, h0 decreases as T ¬ 

ÅRelaxation time, tR (= 1/gc) decreases as T ¬ 

ÅViscosity at high shear-rates is nearly 

independent of T 
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Origin of Viscoelasticity and High Viscosity 

Spherical Micelles 

Increasing salt, 

concentration 

Micelles are very long, 1-5 mm 

Since tR ~ h ~ L3 

Ý micelles relax slowly                    

Ý high viscosity 

Transient Network  
of Wormlike Micelles  

After E.W. Kaler , Univ of Delaware 


