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A B S T R A C T 

In this paper we report our new approach to synthesize cationexchanged Laponite suspensions. General 
observations of the prepared samples indicated that an aqueous suspension of 1 wt% Laponite retained 
its free flowing liquid phase characteristics even after aging for several weeks. When bivalent cationic 
metals (Cu, Co, Ni) were ablated into the suspension, the strong charge of the crystal face was reduced and, 
on standing, the suspension gelled becoming highly viscous. This solgel transition was induced by the 
formation of a spacefilled structure due to both van der Waals and electrostatic bonds between the pos

itively charged rims and negatively charged faces. Rheological properties of such prepared suspensions 
were measured using a Brookfield DV1I Pro Viscometer with a small sample adapter (SSA18/13RPY). The 
yield strengths of 2.2 N/m2,3.2 N/m2, and 1.7 N/m2 were measured for Ni, Co, and Cumodified Laponite 
suspensions, respectively. These yield strengths are sufficiently high for suspending weighting materials 
such as barite which requires the gel strength of about 0.5 N/m2. 

Published by Elsevier B.V. 

1. Introduction 

In geological drilling, drilling fluids are injected into the drill 
string, spray out of drill bit nozzles and recirculate up the annulus 
between the drill string and the well hole to the well surface. These 
drilling fluids perform various functions such as cooling, lubrica
tion of the drill, removal of cutting debris from the hole, suspending 
cutting debris and as weighting materials during stoppages of cir
culation [1 ]. In order to perform these functions, drilling fluids with 
high viscosity are desirable. However, if viscosity is too high, fric
tion may impede the circulation of the fluid causing excessive pump 
pressure, decrease drilling rate, and hamper the removal of solid. 
Therefore, it is important to design a suitable fluid rheology. Flu
ids with good pumpability and low viscosity at high shear rates 
and higher viscosity at low shear rates are advantageous for this 
application. Commonly, additives such as clays, biopolymers like 
xanthan gum, cellulose polymers or starch are utilized for such high 
viscous and shearthinning fluids. 

Disadvantages of these polymeric additives and surfactants 
include their high cost and their degradation at high tempera
ture leading to changes in the fluid rheologicai properties [2,3]. 
Hiller [4] studied the effects of applied pressure up to 500 atm. 
Annis (5J studied the rheology of aqueous fluids at temperature 
up to 150°C and suggested that high temperature caused floc
culation of bentonite fluids, resulting in an increase in both the 
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yield stress and viscosity at low shear rates. He also reported that 
the timedependent gel strength was mostly affected by elevated 
temperatures. Sinha [6] investigated waterbased clay suspensions 
as well as oilbased muds using a fallingbob consistometer and 
suggested that, compared with oilbased muds and inverted emul
sion muds, the equivalent viscosity of waterbased muds was 
not affected to the same extent by the variation of temperature 
and pressure. He concluded that temperature was the dominat
ing variable in the case of waterbased muds. Alderman et al. [7] 
measured the yield stresses for more complex drilling fluids and 
reported that the measured yield stresses were weakly dependent 
on temperature below a critical temperature (TR) and were essen
tially independent of pressure. Above TR the yield stress increased 
rapidly with increasing temperature. The addition of deflocculants 
decreased the gel structuring temperature of a mud. The applica
tion of high pressure seemed to have practically no effect on the 
plastic viscosity of a deflocculated mud at low temperatures. How
ever, at high temperature (above TR) the effect of pressure became 
significant. 

The use of nanoscale particles for improving suspension viscos
ity at high temperature and high pressure has been investigated. 
Nanoscale particles display unusual surface morphologies and 
high surface reactivity due to their large surface area (500m2/g) 
and high proportion of surface atoms (>40%) versus bulk. When 
these nanomaterials are added to the clay suspensions they will 
pseudocrosslink with the clay disks through charge attraction 
and surface adsorption. As a result, a solgel transition can be 
induced by the formation of a stronger dynamic network of space
filled structure due to electrostatic bonds between the positively 
charged rims and negatively charged faces. Mongondry et al. [8] 
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reported that the aggregation and gelation of aqueous Laponite dis
persion depended on the concentration of either pyrophosphate 
or polyethylene oxide that was added to the suspension. At low 
concentrations of pyrophosphate, the aggregation of Laponite was 
only retarded, without significant modification of the structure of 
the aggregates and gels. At higher concentrations, aggregations 
and gels broke up. Baird and Walz (9,10] studied the effects of 
added silica nanoparticles on the structure and rheological prop
erties of aqueous kaolinite suspensions. They showed that, in the 
absence of additives, kaolinite platelets quickly aggregated and set
tled. When silica nanoparticles and salt (NaCl) were added together, 
the suspension began to stabilize. When the concentrations of 
salt and nanoparticles exceeded a specific lower limit, the sus
pension underwent a transition to a gel and developed a finite 
yield stress. Increasing the concentration of nanoparticles or of 
the added salt substantially increased the measured yield values. 
Huang and Crews [11] have reported viscosity of viscoeiastic-
surfactant stimulation (VES) fluids with and without nanoparticles 
at temperature of 121UC at a shear rate of 1001/s. VES fluids are 
composed of a base fluid and low-molecular weight surfactants 
that form elongated micelle structures and increase the fluid vis
cosity. In this study, the base fluid was 4% VES mixed with 1.4kg/l 
of CaCi2/CaBr2 brine nanoparticles. The particle size was 30 nm in 
diameter. When nanoparticles were added, they crosslinked the 
VES micelles through charge attraction and surface adsorption to 
form a much stronger dynamic which stabilized VES micelles and 
maintained the fluid viscosity stable at 200 cp. Without nanoparti
cles, the system was not thermally stable and the viscosity of the 
base fluid reduced from 200 cp to 40 cp in SO min. 

In this work, we use a novel approach to synthesize cation-
exchanged Laponite suspensions and probe the effects of various 
metals on the suspension's structural, thixotropic, and rheological 
properties. To prepare the samples for this study, we used aque
ous Laponite suspensions as the base fluid and, instead of adding 
nanoparticles to the suspensions, we used laser ablation of an 
appropriate target material under a liquid to intercalate the sus
pended Laponite crystals with cationic metal species. Synthesis of 
cation-exchanged Laponite nanocomposites has been reported by 
suspending a Laponite sample in an aqueous salt solution contain
ing the appropriate cation and heat to a high temperature [12,13]. 
Use of the laser ablation technique for this purpose, however, has 
not been previously demonstrated. The general steps of laser abla
tion in this application are: a high-power laser beam is focused for 
an appropriate time onto a solid target submerged in a liquid at the 
focal point causing the solid to be heated, melted, vaporized, and 
ionized rapidly. As a result, a plume of highly excited metal atoms 
is formed and expands violently into the surrounding liquid where 
these exited atoms interact with each other and with the liquid 
molecules. Thus, by ablating a metal target submerged in an aque
ous Laponite suspension, the ablated material can interact with the 
suspended Laponite disks resulting in a Laponite-nanohybrid mate
rial. Although the technique has been considered as an attractive 

technique for the preparation of nanoparticles and nanomaterial 
fabrications [14-20], use of the technique to synthesize nanohy-
brids has not been reported before. In the following sections, the 
characterization and rheological properties of such prepared sus
pensions will be discussed. 

2. Experimental apparatus 

The present experimental apparatus, shown in Fig. 1, was 
described in detail elsewhere [16]. In summary, laser ablation of 
a metal target (Co, Ni, or Cu) submerged in aqueous Laponite 
suspensions was carried out using a laser beam generated by a 
single-mode. Q-switched Nd-Yag laser operating at 1064nm with 
a pulse duration of 5.5 ns and 10 Hz repetition rate. The Laponite 
suspensions were prepared by simply mixing Laponite powder 
(Laponite RD from Southern Clay Products) with deionized water 
(DW) and stirring for 24 h using a magnetic stirrer. The laser beam 
with fluence of 0.265J/cm2 was aligned horizontally and it was 
focused on the metal target using a 75 mm focal-length lens. The 
laser beam was 10 mm below the liquid surface. All metal samples 
(25 mm x 25 mm and 1 mm thick) with 99.995% purity were pur
chased from Alfa Aesar. All metal samples had smooth surfaces and 
were used as received. The metal weight fraction was determined 
by measuring the weight of the metal plate before and after ablation 
using a microbalance (VP64CN, OHAUS Corporation). 

The colloidal suspensions obtained were carefully sampled for 
transmission electron microscopy (TEM), X-ray diffraction (XRD), 
and rheological property measurements. The TEM observations 
were performed using a JEOL 200CX at 200 kV. A small drop of 
each sample was placed on a copper grid and allowed to dry before 
being examined in the transmission electron microscope. The TEM 
images were analyzed using the Image-Pro plus and Gatan Digital 
Micrograph program. XRD characterization was carried out using a 
PANalytical X'Pert Pro MPD powder diffractometer having a 0-20 
configuration, a Cu X-ray source operated at45 kV and 40 mA and an 
X'Ceierator detector equipped with a monochromator. Samples for 
XRD measurement were prepared by evaporating a small amount 
of the sample suspension on a zero background quartz plate at 
ambient temperature. 

Viscosity measurements were performed using a Brookfield DV-
II Pro Viscometer with a small sample adapter (SSA18/13RPY). The 
adapter consisted of a cylindrical sample holder, a water jacket 
and spindle. The viscometer drives the spindle immersed into the 
sample holder containing the test fluid sample. The viscometer 
can provide a rotational speed that can be controlled to vary from 
lOrpm to 200rpm yielding a shear rate from 13.21/s to 2641/s. 
Viscosity is determined by measuring the viscous drag of the fluid 
against the spindle when it rotates. The water jacket is connected 
to a refrigerated circulating water bath (TC-502, Brookfield) that 
controls the water temperature from -20 C to 150 C. The sam
ple holder can accommodate sample volumes up to 15 ml. The 
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Fig. 1. A sketch of the present laser ablation in liquid technique. 
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temperature of the sample is monitored by a temperature sensor 
embedded in the sample holder. 

3. Results and discussions 

Laponite is synthetic sodium magnesium silicate clay. The 
Laponite crystals have a disk shape with a diameter of about 25 nm 
and a thickness of about 1 nm. When Laponite is dispersed in water 
the sodium ions are released and the Laponite disks have a strongly 
negative face charge. The edge charge depends on the acid-base 
behavior of the Si-OH and Mg-OH amphoteric hydroxyl groups, 
which are the main species on the edge. Below pH 9, the magnesium 
ions dissolve in the solution and above pH 10, the dissolution of 
silica occurs (21 ]. In salt-free water, these disks are stabilized, sep
arated by a few water layers by electrostatic repulsion between the 
negatively charged faces [21 ]. General observations of the prepared 
samples indicated that an aqueous solution of 1 wt.%. Laponite 
remained free flowing even after several weeks of aging. Its vis
cosity was too low to be measurable using the present viscometer. 

When Fe was ablated into a Laponite suspension, it remained 
free flowing, however, when the bivalent metals Cu, Co, or Ni were 
ablated into Laponite suspensions, the mixture was observed to 
undergo a transition to a stable gel very quickly. Even a small 
amount of ablated metal induced gel formation when the mix
ture was allowed to rest. The gels could easily be reverted to a 
low viscosity liquid with simple shaking. The gel structure quickly 
reformed when the mixtures were again allowed to stand. 

To determine if Laponite gels can be formed by simply mix
ing the metal-derived nanoparticles with Laponite suspensions, we 
first generated an aqueous solution containing only Co, Cu, or Ni 
nanoparticles by ablating the appropriate metal plate submerged 
in pure deionized water. The solution was then mixed with 1 wt.% 
Laponite. We observed that the suspensions prepared this way did 
not gel but remained stable, free flowing liquids. However, when we 
irradiated the suspension with an intense pulse laser at 1064 nm for 
about 30 mm, the suspensions underwent a gel formation similar 
to what we observed when Co, Cu, or Ni metal plate was ablated in 
the aqueous Laponite suspensions. A possible explanation for this 
behavior is that the laser irradiation, in addition to generating the 
nanoparticles through ablation of the target, is also interacting with 
and modifying the suspended nanoparticles converting them to the 
actual species that is interacting with the Laponite sol inducing gel 
formation. 

The sol-gel transition observed here can be attributed to the 
interaction of the cationic metals and/or nanoparticles with the 
suspended Laponite disks. As a result, the negative charges on 
Laponite crystal faces are reduced and a sol-gel transition induced 
by the formation of a space-filled structure due to both van der 
Waals and electrostatic bonds between the positively charged rims 
and negatively charged faces [8,9]. XRD and TEM were used to 
probe for evidence of intercalation or Laponite layer ordering. Fig. 2 
shows the typical XRD diffraction patterns measured for unmodi
fied Laponite, Cu-modified and Co-modified Laponite suspensions. 
All diffraction patterns were similar. No peaks assignable to species 
other than Laponite were observed. Due to the preparation method 
used for the XRD samples, the clay crystals are expected to be some
what oriented enhancing basal reflections. All diffraction patterns 
including the baseline Laponite (not modified by ablated mate
ria!) showed a (001) reflection at around 2d = ~T corresponding 
to an interplanar distance of about -1.3 nm. Fig. 2 shows the (001) 
reflections for the Co and Cu Laponite samples versus the base
line Laponite. This interplanar value is about 0.4 nm more than 
the actual Laponite layer thickness of 0.92 nm. The layer separa
tion of about 0.4 nm suggests that on drying and collapsing the gel, 
the Laponite layer faces are occupied by simple hydrated cationic 
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Fig. 2. Typical X-ray diffraction patterns of the cation-exchanged Laponite suspen
sions. 

species not the much larger nanoparticles. The ionic species are 
likely Ni2+, Co2+, or Cu2*. Closer examination of the (001) reflec
tions (Fig. 2) shows that the layer separation of the modified 
Laponites is actually about 0.15 nm less than the baseline unmod
ified Laponite. This difference is likely due to a higher level of 
interlayer hydration in the unmodified Laponite. These differences 
will be examined more closely in future work. 

Typical TEM images comparing the Fe and the Ni nanoparticle 
ablated in Laponite mixtures are shown in Fig. 3. Fe nanoparticles 
of varying sizes up to about 40 nm in diameter (Fig. 3a) were ran
domly distributed among the Laponite disks. The TEM image of 
Ni nanoparticles ablated in the Laponite suspension is presented 
in Fig. 3b. The Ni particles sizes were from 2nm to about lOnm 
in diameter. Some larger particles of about 20-25 nm were also 
observed, in general, TEM indicated that both the non-gelling Fe 
and the gelling Ni nanoparticle-Laponite mixtures had similar mor
phologies so no direct information on the cause of the differences 
in behavior is evident. In both cases, the average size of the visi
ble nanoparticles was of the same order of magnitude as the 25 nm 
Laponite crystal diameters. 

Based on the characterization results so far, the mechanism 
controlling the difference in behavior of iron compared to cobalt, 
copper, and nickel is not known at this time. However, one possibil
ity is that different cationic species are reducing the strong negative 
charge of the Laponite crystal faces in the Fe modified suspension 
versus the other three samples. If the gelling is simply a result of 
hydrated metal cations in solution resulting from the laser ablation 
process then the gelling difference could be due to the difference 
in the strength of interaction of the expected cationic species, Fe3+ 

versus Ni2+, Co2+, or Cu2+, with the Laponite crystal faces. Further 
work will attempt to clarify this difference in behavior and explain 
its controlling mechanism. 

For suspension rheological properties, we show in Fig. 4 the 
plastic viscosity, i/cc for Ni-, Cu-, and Co-exchanged Laponite 
suspensions. The viscosity of aqueous suspensions containing 1% 
Laponite without metals was not reported here because it was too 
low to be measurable by the present viscometer (below 2 cp). The 
results shown were recorded after the suspensions were sheared 
at a given shear rate until they reached a steady state, typically 
about 1 h. The viscosities decreased rapidly with increasing shear 
rates indicating that the prepared suspensions are excellent shear-
thinning fluids. As indicated in the figures, the weight percents of 
metals were negligibly small compared to that of Laponite and yet 
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Fig. 3. TEM images of cat ionexchanged Laponite nanocrystals ((a) Fe particles, and (b) Ni particles) 

the range of the viscosity reported here was several hundred times 
higher that those obtained for suspensions containing 1 wt.% of 
only Laponite. For example, at a shear rate of 3.41/s, viscosity of 
Niexchanged Laponite was about 900 cp and it decreased rapidly 
to about 90cp as the shear rate increased to 681/s. For the same 
range of shear rates, similar results were also shown for Cu and 
Coexchanged Laponite suspensions. Thus, in addition to shear
thinning behavior, cationmodified Laponite can be thought of as 
an effective additive for fluid viscosity enhancement. 

The corresponding shear stresses, in terms of r1 '2 versus y^2, are 
shown in Fig. 5. The results indicated that the shear stresses mea
sured for Ni and Cuexchanged Laponite suspensions exhibited a 
linear increase with y^2 while the shear stress of Coexchanged 
Laponite suspensions did not. For this case, the dependence of the 
stress on the shear rate was observed to occur only at low and high 
shear rate values. For the range of the shear rate from 101/s to 
about 341/s, it became independent of the shear rate. 

A least square curve fit to our present is shown as the solid 
lines in Fig. 5. Depending on the metal used, the intercepts, of 
the curves were 22.11 cp/s (2.2N/m2) for Niexchanged Laponite 
and 17.20 cp/s (1.7 N/m2) for Cuexchanged Laponite suspensions. 
Since the intercepts represent the shear stresses when the shear 
rate is zero, these values can be thought of as the yield strengths 
of the prepared cationmodified Laponite suspensions. These yield 
strengths are sufficiently high for suspending weighting materials 
such as barite which requires the gel strength of about 0.5 N/m2. 
Thus, cationmodified Laponite nanohybrids can be considered to 
have potential as gel forming agents. 

Many studies have been made to relate the yield stress of 
a suspension system to the particleparticle van der Waals and 

the electrostatic interaction potentials [2224]. Sakairi et al. [22] 
studied the effects of salt concentration on the yield stress of Na
montmorillonite suspensions. They assumed that at the point of 
yielding, the yield stress is equivalent to the strength of electrostatic 
repulsion and developed an equation showing the dependence of 
the yield stress on the ionic strength and volume fraction. Simi
larly. in a study of the yield stress of Laponite suspensions, Laxton 
and Berg [23] related the electrostatic repulsion portion to the zeta 
potentials of the Laponite face and edge. Thus, we can attribute 
our results reported in Figs. 4 and 5 to the interactions between 
the Laponite positively charged edges and the negatively charged 
faces. 

At present, we do not fully understand why different rheological 
and thixotrpic properties are obtained when using copper, cobalt 
and nickel. However, we expect that Laponite crystals dispersed in 
water will have a strongly negative face charge and weakly pos
itive edge charge. In saltfree water, these crystals are stabilized, 
separated by a few water layers by electrostatic repulsion between 
the negatively charged faces. In order to create a solgel transition, 
the negative charges on the face must be reduced so that a space
filled structure due to electrostatic bonds between the positively 
charged rims and the negatively charged faces can be induced. In 
the present work, such a charge reduction was obtained by interact
ing Cu, Co, or Ni with the faces of the Laponite disk. Fig. 6 shows the 
TEM images of Cu, Ni, and Co ablated in deionized water stabilized 
by 0.1 wt.% PVP revealing that the ablated particles are different in 
sizes and shapes. Co particles were spherical with diameter ranging 
from 10 nm to 15 nm. Ni particles were much smaller with parti
cle diameters ranging from about 2 nm to 5 nm, Cu particles had a 
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Fig. 6. TEM images of Cu, Co. and Ni nanoparticles ablated in deionized water stabilized by PVP (0.1 wt ' 

needle shape with lengths ranging from 20 nm to 30 nm and diam
eters ranging from 5 nm to 10 nm. Some larger particles of 30 nm in 
size were also presented. These differences might alter the charge 
reduction and could be the reason why different rheological and 
thixotropic behaviors are obtained when using copper, cobalt and 
nickel. 

To examine the thixotropy of the prepared cationmodified 
Laponite suspensions we simply observed the suspension behav
ior in terms of its changing rheological properties with shearing 
time. It is known that rheological properties of a thixotropic mate
rial depend not only on its initial strength but also on the shear 
rate and the shearing time, therefore, the measured values of these 
properties will depend on how the sample is loaded into a viscome
ter and how long it is left at rest before shearing [25,26]. Thus, to 
obtain similar initial conditions for all measurements we first shook 
the samples to liquefy the suspension so that it could be loaded 
into the viscometer sample holder using a pipette. We sheared the 
test sample with a high and constant shear rate until its viscosity 
was steady out at a constant value. We then suddenly decreased 
the viscometer shear rate and observed the suspension buildup 
via its changing viscosity (shear stress) as a function of time. To 
observe the suspension breakup, we first sheared the sample with 
a low shear rate (for all experiments here we used 3.41/s) until 
its viscosity steady out then we suddenly increased the shear rate 
and observed the changing viscosity (or stress) as a function of 
time. Typical results on the rheological properties of Niexchanged 
Laponite suspensions measured during gel breakup and buildup 
are shown in Fig. 7. It is clear that for a given shear rate the sus
pensions reached a steady state condition quickly after shearing 
for about 510min. Such fast breakup and buildup behavior are 
critical in many applications. One of such applications is for oil and 
gas drilling. During drilling, circulation might have to stop and start 
many times for various reasons. In a deep well, drill bits break more 
often, for example, and changing the bit often requires many hours. 
One of the most important requirements of any good drilling fluid 

is its ability to suspend cuttings and weight materials when cir
culation is stopped. If the solids are not kept in suspension during 
this time, their settling will result in deposition of solids on the 
bit which can become stuck. In order for the fluid to have an ade
quate suspending ability it must develop high gel strength quickly 
when the fluid is not in motion. Conventional drilling fluids with 
high gel strength usually require high energy to initiate circula
tion, generating pressure surges in the annutus while the flow is 
being reestablished. Although Niexchanged Laponite suspensions 
have great gel strength at rest, the structure can be quickly broken. 
Therefore, they can be transformed into a low viscosity fluid that 
does not induce significant friction losses during circulation and, 
yet, can quickly develop high gel strength after the pump is turned 
off, preventing solids from settling. 

Most researchers in this area have used the time derivative dX/dt 
to describe the structure strength of a thixotropic material, where 
A. is the material structure which is equal to 1 when the system 
structure is completely built and zero when its structure is com
pletely brokendown. The most general description of dA./dt due to 
shearing is the sum of the breakdown term which is proportional 
to the product of the current level of structure and the shear rate, 
a Xya, and the buildup term which depends on the driving force 
for the buildup, a (1  X)b. From this simple theory, many models 
to predict properties of thixotropic materials have been developed. 
For a nonNewtonian fluid, the upper viscosity limit, A = l corre
sponds to i]o and the lower viscosity limit, X=0 corresponds to JJ^. 
The following equation can be used to describe the response of the 
viscosity to a stepwise change from one limit to another [27] 

ri = t]lx-(T}v>-T}o}e {P°r 0) 

where ijo is t n e viscosity at the commencement of shearing, JJTO 
is the plastic viscosity, r is a dimensionless constant, /J is a time 
constant, and t is the shearing time. As discussed by Barnes [27], 
this equation describes the functional dependency of the viscosity 

200 

180 

^ 140 

"§ 120 

i> 100 

80 

60 

Ni (0.026%)+DW+Lapomte (1%) 
Breakup from steady at y = 3 4 1/s 
4 m Exp. Cat 

\ 

f= 13 6 1/s, p = 0.524 

y=34 1/s;p = 0 726 

y=*51 1/s, p = 0.9?7 

10 1S 20 
Time (mill) 

25 30 

1000 

800 

600 

S00 

200 

0 

y= 3.4 1/s, p = 0 5 5 4 
<*"' 

Ni (0 026%}+DW*Laponite (1%) 
j Buildup from steady at y = 68 1/s 
U ■ r_ Exp, Cal: 

y= 13 6 I/s, P2^625 

7 = 51 1/s; p  1.131 

10 15 20 25 
Time (mtn) 

30 

Fig. 7. Viscosities of Niexchanged Laponite suspensions during gel buildup and breakup (measured at 25 C) 



76 TX Phuocetal /Colloids and Surfaces A Physicochem Eng Aspects 351 (2009)71-77 

1 30 ■ 

1 08 ' 

In 0 86 

0 64 ■ 

0 42 " 

0 20 
0 10 20 30 40 50 60 70 

Sheai rates y (1 /s) 

Fig.8 The time constant^ in Eq ( l )as a function of the sbearrate 

600 ■ 

500 r 

8" 400 

a 300 
o 

> 200 

100 

0 

A 0 05%Co+1%Lap 
Q 0 033%Co+1%Lap 
■ 0 05% Co+0 5%Lap 

56 1/S 

o n 

* * A k 

Li a u 

5 6 1/S 

20 40 60 

Time (min) 

100 120 

Fig 10. Effect of concentrations of Co nanoparticles and Laponite of the viscosity of 
Co exchanged Laponite suspensions (measured at 25 °C) 

on the shear rate and the shearing time It can cope with buildup 
and breakdown m stepup or stepdown tests with values of p and 
r depending on both the shear rate and the direction The values of 
r also vary with the condition of the test and the particular system 
being tested and they decrease linearly with the log of the shear 
rate, typically from 0 7 to 0 9 at 10~2 s 1 [27] 

To check the validity of Eq (1), we fit our measured properties 
for Niexchanged Laponite suspension during buildup and breakup 
For simplicity we used r= unity and conducted a least square fit 
of our measured values to the above equation It was found that 
an expression of this type described our experimental results very 
well As shown in Fig 8, the time constant ft was found to depend 
on both the shear rate and the direction as discussed by Barnes [27] 
ft increased with the shear rate and, for a given shear rate, its values 
m the buildup direction were higher than those in the breakdown 
direction 

Fig 9 shows the effects of the various metals on the viscosities 
of the modified Laponite suspensions Measurements were con
ducted over a 2h period where a shear rate of 561/s was used 
during the first hour which was suddenly decreased to 5 61/s for 
the second hour The results observed for the shear rate of 561 /s 
indicated that the viscosities of all suspensions behaved similarly, 
that is, they all decreased quickly and steady out after about 10 min 
of shearing For the shear rate of 5 61/s, however, the measured vis
cosities of Cu and Coexchanged Laponite suspensions exhibited a 
mixed thixotropic behavior while a positive thixotropic behavior 
was observed for the suspension modified with Ni 
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Fig 9 Viscosities of cationexchanged Laponite suspensions effects of different 
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sions 

Fig. 10 shows the effects of the concentrations of Laponite and 
Co on suspension viscosities For example, the viscosities of the 
suspension containing 0 05% Co and 0 5% Laponite were stable at 
27cpand 170cp when it was sheared at 561/s and 5 61/s, respec
tively For the same Co concentration and shear rates, the viscosities 
increased to 84cp and 512cp when Laponite concentration was 
increased to \% For the same Laponite concentration, an increase 
in Co concentration from 0 033% to 0.05% resulted in changes in the 
viscosities of the suspensions from 70 cp to 82 cp and from 470 cp to 
512 cp when they were sheared at 561/s and 5 61/s, respectively 
The ability of cationmodified Laponite nanohybnds to stabilize vis
cosity of Laponite suspensions at elevated temperature was also 
demonstrated, Fig 11. The viscosities of Niexchanged Laponite 
suspensions measured at 25 "C and 75 °C and found to be nearly 
identical 

4. Conclusions 

We have conducted a preliminary study on the use of laser
generated nanoparticles for maintaining rheological properties of 
Laponite suspensions at high temperature To do so, we prepared 
cationmodified Laponite suspensions and examined the effects 
of four metals, Fe, Ni, Co, and Cu, on the suspension structural, 
thixotropic, and rheological properties To prepare the samples we 
used laser ablation of a metal target in liquid in the presence of 
aqueous Laponite and found that the technique can be used to 
successfully produce cationmodified Laponite crystals Although 
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the weight percent of the nanoparticles was negligibly small com
pared to that of Laponite, aqueous suspensions of these modified 
Laponite crystals were highly viscous with excellent shear-thinning 
and thixotropic behavior. The fluid gelled quickly with significantly 
high gel strength when it was at rest nevertheless its structure was 
broken easily and it transformed into a low viscosity fluid quickly 
on shearing. Despite the fact that the laser-generated nanoparticle-
Laponite mixtures were found to have promising shear-thinning 
and thixotropic behaviors, the exact mechanism for the behavior 
was not identified by the characterization done so far. Nanopar
ticles and/or hydrated metal ions could be playing a role in the 
observed behaviors, in addition, the specific species comprising the 
nanoparticles generated by the laser technique used in this study 
are not yet known. Answering these questions will be the goal of 
future investigations. 

Given the enormous amount of material that is needed for 
drilling operations, use of the laser-ablation technique to syn
thesize materials for drilling application appears economically 
unpractical at present. However, the development of a better 
understanding of these systems is expected to lead to alternative, 
more economical synthetic routs to these materials. 
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