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Report: 
 
 The main focus of the reasearch was put on electric field induced structuring from nano-layered silicate 
clays. The basic particles forming the chains in this case are made of X-fluorohectorite (X-Mg3-xLixSi4O10F2), 
a synthetic swelling clay. Here X is an interchangeable cation, for example Na+. These clay particles were 
suspended in non-conductive and non-polar silicone oil making up a rheological fluid (ERF). ERFs are 
complex fluids that solidify, or become very viscous, when submitted to an applied electric field. The 
transition from a liquid to a solid-like state indicates that an internal ordering of the ER-constituents has 
appeared, leading to dramatic changes in the rheological properties. Application of an electric field induces 
polarization of the suspended dielectric particles. They consequently orient in the field and aggregate, which 
results in the formation of a chain-like structure parallel to the electric field direction. 
 The particle orientation and aggragation was of primary interest in this study. Since each particle is a 
stacked clay system with water intercalated, the investigatigation of a Bragg peak diffraction rings allows to 
determine the degree of anisotropy in the system in presence of the E-field.   
 There are several interesting aspects to study for such a system, among them the dynamics of individual 
particle polarisability, the dynamics of chain formation, and the dynamics of chain bundling. Another 
interesting aspect is the chain structure both during formation, during destruction and under stable 
conditions. Other important questions, like macroscopic strength of the chain system as well as of individual 
chains, may be answered by macroscopic rheological studies. Some of these questions have been answered 
and results can be found in two publications (see the last paragraph) and the sample preparation, an 
experimental set-up and the results are summarized below. 
  
 
 

 
 

 



RESEARCH SUMMARY: 

 Synthetic fluorohectorite clay was purchased from Corning Inc. (New York) in the form of powder, and 
cation exchanged into sodium fluorohectorite (Na-Fh) in our lab. Its final chemical formula is given as 
Na0.6(Mg2.4Li0.6)Si4O10F2 per half unit cell, where Na is an interlayer exchangeable cation.  
 A silicone oil Dow Corning 200/100 Fluid (dielectric constant of 2.5, viscosity of 100 mPa·s and specific 
density of 0.973 g/cm3 at 25°C) was used as a suspending liquid, providing a relatively non-polar and non-
conductive medium. The clay powder and the silicone oil were mixed making up ERFs with following 
concentrations 1, 5, 10, 20 and 40 wt.%, respectively. 
 The wide angle x-ray scattering experiment (WAXS) was carried out at the European Synchrotron 
Radiation Facility (ESRF) in Grenoble, France. An x-ray beam with a wavelength of 0.72 Å and a 0.3x0.3 
mm2 beam size at the sample was used. The beamline BM01A is equipped with a two-dimensional MAR345 
image plate detector with diameter of 345 mm. The sample to detector distance was set to 350 mm and 
calibrated using a standard LaB6 sample, resulting in a maximum diffraction angle 2 of about 26° that 
enabled detection of scattering in a q-range of approx. 0.2 – 2 Å-1.   
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Fig..1. Experimental geometry for the WAXS measurements. 
Particles are forming chains along the E-field.  Prior to the application of the electric field, the Na-Fh particles 

are randomly dispersed into the silicone oil. The formation of 
chain-like structures aligning parallel to the E-field is observed after its application. Many thin chains are 
formed first (with thickness in the range 1 to 50 μm) and they subsequently attract each other resulting in 
thicker (in the range 50 to 200 μm) columns. After a time ts (the saturation time), no major changes in the 
system are noticeable by optical microscopy.  

Dynamic changes in the clay orientational order can be observed from two-dimensional WAXS patterns. 
Figure 2 shows WAXS patterns from a suspension, without (a) and with (b) an E-field of 750 V/mm applied. 
The inner diffraction ring lies at 0.51 Å-1 and is attributed to the (001) Bragg diffraction from the layered 
silicate sheets within clay particles. Typically, the distance d001 is close to 12 Å when one layer of water is 
intercalated between silicate sheets [10]. The outer peak at 0.83 Å-1 is due to the silicone oil, i.e. the 
maximum in its radial distribution function. The 1st Bragg peak intensity changes in time after the electric 
field has been applied. This change can be better appreciated when the intensity of the (001) Bragg 
diffraction peak is plotted as a function of the azimuthal angle as shown in figure 3.. 

 

Table 1 shows values of the order parameter calculated for 
different E-fields. There seems to be no evidence of E-field 
dependence, nor time dependence on the order parameter S, 
for the E-field range (350 - 750 V/mm) and time scale (15 s – 
6 min) addressed in this study. One can conclude that the 
clay aggregates rotate and align along the E-field much faster 
(probably in ms time scale) than chains (seconds) and 
columns (seconds/minutes) are formed.  
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Fig. 2. WAXS patterns of clay particles without (a) 
and with (b) E-field applied.  

 The amplitude of the WAXS azimuthal profiles is a 
measure of the average particle orientation in the scattering 
volume, but it also scales with the number of particles 

existing within this volume. Since we find that the order parameter is nearly constant with time, the 
amplitude change seen in Fig. 3 is a demonstration of how the number of particles contributing to the 
scattering increases in time. This observation is a sign of the progressing chain and bundle formation inside   



the scattering volume, where (1) already formed chains are attracted to each other and/or (2) particles being 
still in motion (electrophoresis) finally attach to an existing chain. Both effects can increase the lateral  
dimensions of chains. The two processes, namely particle orientation and chain formation, may affect each 
other to some extent, but the particle orientation is the initial step and is largely finished when the chain 
formation takes over, as illustrated by the order parameter values along with the data in Fig. 3.  

 

Apart from the data provided for WAXS diffraction 
patterns, other results were obtained by measurements of a 
leak current density of ERF was measured for different electric 
field strengths and clay particle concentrations. It was found 
that the leak current density depends on electric field and clay 
concentration as follows: J ~  0.74 E2.12.The dielectric constant 
was derived from the measured capacitance. 

Table 1. Calculated values of the anti-nematic order 
parameters S under different E-field strengths. 

E-field  San (average) 

350 V/mm 0.63 ± 0.01 
500 V/mm 0.64 ± 0.02 
750 V/mm 0.60 ± 0.05 

In addition, the most important rheological properties of our 
ER fluid have been measured, which includes the dependence 
of the yield stress both on the electric field and on the particle 
concentration . It was observed the following scaling 
behaviour: y  ~  0.87 1.66 E .   
 
Future prospect to this work: 
Extend the study of organically modified clay particles. 
Since now the modified clay particles are well dispersed in 
the oil, and do not aggregate (as was the case in the study 
described above using unmodified clays), we expect both 
“cleaner” final chain structures and also “cleaner” 
dynamics during the clay structuring.  

Fig. 3. Azimuthal plots of the changes with 
time of the 1st Bragg peak amplitude under an 
E-field of 350 V/mm.  

 
 
 

PUBLICATIONS: 

 J. Phys.: Condens. Matter 2010 (in press)   
 

 Electric Field Induced Structuring in Clay-Oil Suspensions:  
 New Insights from WAXS, SEM, Leak Current, Dielectric Permittivity, and Rheometry 
 

Abstract: The electric field induced structuring from clay-oil suspensions has been studied by means of wide 
angle X-ray scattering, rheometry, scanning electron microscopy, as well as leak current density and dielectric 
constant measurements. The clay particles' orientation distribution was inferred from the azimuthal changes of 
the clay diffraction peak intensity. The angular width of that distribution was quantified through an 
orientational order parameter. Chain and column formation processes were distinguished by comparison of the 
time evolution of the diffraction peak amplitude with that of the current density. Leak current density was 
measured for different electric field strengths E and clay particle concentrations . The following scaling 
relation was found: J ~  0.74 E2.12. In addition, the dependence of the yield stress on the electric field and on the 
particle concentration was measured and shown to scale as : y ~  0.87 E1.66.    

J. Phys.: Conference Series 149 (2009) 012026  
 

Dynamic Column Formation in Na-FLHC Clay Particles: 
Wide Angle X-ray Scattering and Rheological Studies 
 

Abstract. The dynamic chain and column formation of 5wt.% clay particles suspended in silicone oil has been 
studied using synchrotron Wide Angle X-Ray Scattering (WAXS) technique and rheometry. The anisotropic 
arrangement of particles described by the global order parameter S has been investigated. The WAXS data 
have also allowed distinguishing between the chain and column formation processes by comparison of the 
change of WAXS angular plots maxima with the current density growth in function of time. The saturation 
time ts (after which there was no change in the system observed) was estimated. In addition, the rheological 
properties of the ERF have been measured including the static yield stress. 


