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FLUID STYLIST 

From Fluid Function to Fluid Recipe to …… 



            A succesful drilling fluid must 

 

     Carry the drilled cuttings  

to the surface 

 

         Suspend the drilled cuttings 

               when the circulation is stopped 

                          

                     Form a thin filtercake (“mudcake”) 

         which seals the formations  

penetrated by the bit  

“A drilling mud is  

for a drilling operation  

what blood is to the body” 

Claude Vercaemer  



Desired properties 

Drilling fluid 

- Low plastic viscosity 

- High yield point 



Clays gel 
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Already at 2-3wt% 



Smectite clays 
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(Al/MgO6 octahedra) 

Montmorillonite 

500nm 



Montmorillonite Clay Platelets – 

Bentonite(Geoff Maitland) 



SWy-2 3.2% Viscometry 
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Yield Stress 18 Pa  

I will not attempt 
to mediate between 
those who support 

 and those who oppose 
 the existence of a  
True Yield Stress 
(see Judges 5:5) 

 



Menu 

• Tuesday 1 May 1990:A visit with serious 

consequences  

• Clay and Liquid Crystals:The 

disappointment 

• Gibbsite :Less is more  

• Clay 2.0Liquid Crystals :New hope  

• Some final comments  



Colloidal Liquid Crystals :A very brief history  



Colloidal Liquid Crystals :A very brief history  

1925 

V2O5 



Colloidal Liquid Crystals :A very brief history  

1925 

V2O5 

1936 

TMV 

Wake of goldfish in TMV solution  

 Bawden et al Nature 138 (1936) 1051 



1938 

Hectorite 



• “It has often been thought that the property 

of separation into two phases one of which 

is isotropic and the other permanently 

birefringent, is characteristic only of sols 

having rod-like particles. The optical 

properties of the hectorite sols, however, 

prove that the particles are flat plates or 

disks” 

Role of certain forces in colloids 
Irving Langmuir , J.Chem.Phys. (1938) 

 



 

 

• Experiment by Langmuir 
could not be repeated 

• Birefringent Gel but no  

    I-N phase separation!  

 

Maurice Mourad 



Montmorillonite: Same Story 

Birefringent Gel but No I- N Phase Separation  

Gabriel, Sanchez, Davidson 1996 

Bentonite suspension (4.3wt%) 

between cross polarizers 
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Disk Shape Drives I-N Transition 

Isotropic Nematic 

Orientational entropy decreases 

Free volume entropy increases 

 Lars Onsager, 

 Phys.Rev.62,558(1942) 

 



 Phase diagram hard disks 

J.A.C. Veerman and D. Frenkel, Phys. Rev. A, 45 (1992) 
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from Monte Carlo simulation 



Silica 

Alumina 

Silica 

1 nm 

Silica 

Gibbsite 

Silica 

Al(OH)3



Gibbsite Production 

50,000,000 tons/year!  
Gibbsite crystals 

1 – 100 m 



Van’t Hoff Colloidal Gibbsite 
Buining et al. J. Am. Ceram. Soc. 1991 

Wierenga, Lenstra, Philipse Coll. Surf. 1998 

• 10 days of stirring 

• 3 days at 85°C 

• 10 days of dialysis 

0.09 M  HCl 

0.08 M  ASB 

0.08 M  AIP 

aluminium  

alkoxides 

Formation of gibbsite most 

likely involves Al-13 polymeric 

cations: 

  Al13O4(OH)24(H2O)12
7+ 

diameter: tunable from 100-500 nm 

thickness: 10-50 nm 

polydispersity 10-20% 

0.0005 tons/year 



 

Praise from the Press for Van’t Hoff Gibbsite 

Heather Houghton&Athene Donald 2008 



Gibbsite suspensions 

particle 

concentration (g/L) 

Ionic strength  

(M NaCl) 

10-4 

10-3 

10-2 

10-1 

100 200 300 400 500 

-D. van der Beek and H.N.W. Lekkerkerker, Langmuir 20 (2004) 8582-8586  

-J.E.G.J. Wijnhoven, D.D. van 't Zand, D. van der Beek and H.N.W. Lekkerkerker, 

Langmuir 21 (2005) 10422-10427  

-M. C. D. Mourad, J. E. G. J. Wijnhoven, D. D. Van 't Zand, D. van der Beek and H. N. W. Lekkerkerker, 

Phil. Trans. R. Soc. A 364 (2006) 2807-2816  

400 nm 



10-4 M NaCl 

 I = Isotropic    N = Nematic   Col = Columnar   NG = Nematic Gel   

100 µm 

hexagonal lattice with 

spacing d ~ 250 nm gives 

rise to Bragg reflections 

in the visible light 

Spacing  

250 nm 

2 Months after Homogenization 

Crossed Polarizers 

100  200   250     300       350       400 

I 

N N 

N 

N 
N NG 

I I 

Col Col Col 

I 

g/L 



D. van der Beek & HNWL, Langmuir (2004) 



….to big science 

270 m! 

European Synchrotron Radiation Facility, Grenoble 



European Synchrotron Radiation Facility (ESRF) 

Up to 8 metres 

Dutch-Belgian BeamLine  

@ ESRF (DUBBLE) 

SAXS/WAXS station of DUBBLE 



Columnar 

crystal: Hexagonal  

arrangement  

of columns  

DUBBLE @ ESRF 

Petukhov, van der Beek, 

Oversteegen, Vroege, HNWL 



Columnar  

phase 

(001)

(100)

(110)

(200) (210)



Latest News (JACS 2012) 
Dzina Kleshchanok from Utrecht discovers 
the elusive colloidal Smectic B phase 
in a suspension of Gibbsite in DMSO  
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Smectite clays 

14/06/2011 42 



    What is the difference between Montmorillonite and Beidellite?  

    

    

(Al/MgO6 octahedra) 

(/AlO6 octahedra) 

(Si//AlO4 tetrahedra) 

Montmorillonite 

Beidellite 

Substitutions in  

Octahedral Sheet 

Substitutions in  

Tetrahedral Sheet 





Mesophases in beidellite suspensions 

Erwan Paineau :Second Meeting Utrecht-Nancy-Orsay – (24-26 June 2009):JPC 2010 

S3, IS = 10-5 M/L,  = 0.47% 

Tactoids nucleation following by phase separation process 

S3, IS = 10-4 M/L,  = 0.50% 

Microscopical observations  



Mesophases in beidellite suspensions 

Macroscopical observations  

- formation of nematic droplets 

- increase of N with total 

 First I/N phase transition S3, IS = 10-5 M/L,  = 0.47% 

A B 

10 days 

S3, IS = 10-4 M/L 

Increasing total volume fraction total 

Erwan Paineau :Second Meeting Utrecht-Nancy-Orsay – (24-26 June 2009):JPC 2010 



Jasper Landman Bachelor thesis UU 2011 
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1 Clays mysterious and sometimes beautiful 
 
2 Much more to be discovered ! 
  Progress will be slow because  
  clays are nasty and will only reveal  
  their secrets to those who take them serious 







2006    2012   2022    2032   2042     2062       2112 



Thank you for your attention 


