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In thiz paper we report our new approach to synthesize catton-cxchanged Lapanite sospensions. General
ohbservations of rhe prepared samples Indicatad that an jusous suspension of 1wt Laponite retained
its free Nowing liquid phase clacaceetistics even afer aging for several weeks. When blvalent caclonic
meetals [T, Co, NI were ablated inte the suspensien. the sirong charge of e tryetal face was rediced and,
on £13Tding, the sespension gelied becomdng hlghly viecous. This sol=gel tranditlon was induced by the
formation of a space filled strichure du# te both van der Wasls and #lecirostatic bonds between rhe pos-
{tively charged rims and negatively charged faces. Rheological properties of such prepared suspensions

Eﬁrﬁ;mh were reweasured esing @ Brookfiekd D- Pro Yeeometer with asmall sample adapesr (554 181 3RPY]. The
Laponite heehd srenpehs of 22 MPmE, L2 et and 1.7 HIm?E were measured for -, Co-, and Cr-modified Lapenite
Thizoropy SUSpsREIONS, respectively. These vigld strengths dre sufficlently high for suspending weighting material;
Rheclogy Awch as barlte which requires the gl srrength of about 0.5 Nfm?,

Pulbdished by Elsevier B,
1. Ingodixtion yield stress and viscosify at ow shear rates, He also reported that

In geological drifling. drilling fluids are |njected into the drill
string, 5pray ant of drill bit nozzles and reciroulate up the annulus
bepwaen the drill string and the well hole to the well surface, These
drilling NMuids perform varigus functions such as cocling. lubrlca-
tlon of the dnll. removal of cutting detris [mom the hiole, suspending
ourting debris and as welghting materiats during steppases of cir-
wulatlon[1]. lo order to perform these functions, drilling Muids with
high vistosity are desiable. However, if viscosity is too high, fric-
Lion may impede the cicculation of the Muld causing excessive pump
pressure, decrease dreiliing rate, and hamper the remaeval of solid.
Therefore, it is important to design a suitable Auid rtheoleey, A
[ds with good pompability and low viscosity at high shear races
and higher viscosity ab low shear rates ace advantageous for this
application. Commenly, additives such as clays hiopolymers like
xanthan gum, cell wiose polymers orstarch are utilized far such high
viscous and shear-rhinming flulds,

Disadvantages of these polymeric additives and surfactants
Include their high cpst and their déegradation at mgh tempera-
tre leading oo changes in the fuid rheolomical properties 12,.3].
Hiller |4] studied the effects of applied pressure up to 500 atm.
Annis {5] studied the rheology of aqueous Myuids at temperature
up to 1530"C and suggested that high temperature caused flac-
oulation Of bentonite Aukds, resuiting In 4o incTeass in both the
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the rime-dependant gel strength was mostly affeered by elevatad
temperatuges. Sinha [5]investgated water-based clay suspensions
a3 well a5 oil-based muds using a aHing-bob consistometer and
suggested that, compared with gil-based meds and inverted emul-
sion muds, the equivalent viscosity of water-based mods was
not affected bo the same axtent by the varlation of temperatore
and pressure. He concluded that temperature wgs the dominat-
ing variable in the case of water-hased muds. Alderman et al. {7)
measured the yield stresses for more complex drilling fAuids and
reparted that the measured yleld stresses wene weakly dependent
on termperacure below a critica! temperature {Tg) apd were essen-
tially independent of prezsure. Above Tp the yield siress increazed
rapidly wich increasing temperature, The addition of deflocculants
decreased the gel siructuring bemperature of 3 mud, The applica-
tien of high pressure seemed to have practically ne effect on the
plastic viscosity of a deflocculared mud =t lyw temperatores. How-
evet, at high temperature (above Ty} the effect of pressure became
significant

The use of nano-scale parelcles for IMpyoving suspension Visos-
iy at high remperacure and high peessure has been invesilgared,
Marsp-scale parbicles display unusual surface morphologies and
high surface reactivity due to their large surface area [S00m? (g}
and high proportion of surface atoms (>40%) versus bulk. When
these natormaterials are added (o the clay suspensions they will
peeudo-crossiink, with the clay disks through charge attraction
and syrface adsorplion. As a resolt, 3 s0l-gel transition czn be
induced by the formatinn of 4 stronger dy namic necwork of <pace-
filked serocture dye te electrostatic bonds betwean the posielvaly
charged rims and pegatively charged faces, Mongondry et al. [8]
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reported that the aggregatien and gelatlon of aqueous Laponite dl3-
perslon depended on the concentration of either pyrophozphate
or polyethydene oxide that was added to the suspension. A low
concenkrations of pyrophosphate, the apgeezation of Laponite was
anly retarded. withour significant modification of the strucoure of
the aggregates and gels. Ar higher cohcentrations, aggregations
and gels broke up. Baird and Walz |9.10] studied the effects of
added silica nanaparticlas ot the strocture and rheological prep-
erties of aguecus kaolinite suspensions. They showed that, in the
absence of additives, kaglinite plaelets quickly aggregated and set-
tled, When tilica nanoparticlas and sale{ NaCl) were added together,
the suspension began to stabilize. When the concentabons of
salt and nancparticles excesded 3 specidfic lower HmiL the s1s-
pension yupderwent a transition o & gl and developed a finite
yleld stress. Increasing the concentration of nanoparticles or of
the added salf substantially increased the measured vield values,
Huang and {rews [11] have veported viseatity of viscoelistic-
surfactant stirnulation [VES) Auids with and withour nanopartides
at ternperatte of 12170 st a shear rate of 100145, VES fuids are
composed of @ base fuld and lew-molecular welght sarfactants
that form elongated micelle structures and incregse the Auid vis-
cosity. Tn this study, the base fald was 4% VES mixed with 1.4 kel
of CaClyfCaBra brine nanoparticles. The particle s12e was 30mm [n
diameter. When nanoparticles were added, they croschinkesd the
VES sicelles dirough charge attraction and surface adsarphion to
form a nwuch scranger dynaric which srabilized VES micetles and
maintained the fvid viscosity stable at 200 cp, Wirhouwt nanoparti-
cles, the system was not thermally stzble and the viscosity of the
base {luid redaoted from 200 cp bo40cp in 80 min.

[n this work. we use a novel approach o syntheslze cation-
exchanged Laponite suspensions and probe the effeas of various
metals on the suspension’s structoral, thieotropic, dnd rheological
properties. To prepare the samples for this study, we vsed aque-
ous Laponire suspensiens as the base fuid and, instead of adding
nanoparticles to the suspensions, we used lazer ablation of an
appropriate target material under a liquid to iatercalate the sus-
pended Laponite crystals with catlonic metal species. Synthesis of
catien-exchanged Lapenite nanocomposites has been reported by
suspending 3 Laponite sample inan aqueous zalt salytlan sontaine
ing the appropriate caton ared heat to 3 high teraperature [12,13],
Use of the laser ablation techoigue Ior this purpose. however, has
ool been previously demonsirated. The general steps of laser abla-
tdon in this application are: a high-power laser beam is focused for
an appropriate Hme onto a solid target submeiged in a liquid at the
focal point causing the solid to be heated, melted, vaporized. and
innlzed rapidly. Ac 3 result, 4 pivme of highily excited metal stoms
is Formed and expands violenthy inte the somounding liguid where
these exited atoms interact with each other and with the liguid
mwdl&ciles, This. by ablating 2 metal target submerged in an aque-
Qus Lapanice suspension. the ablated material can inberact with the
suspended Laponite disks resultingina Laponite-nanohybrid mate-
ral. Although the technique has been considered as an attractive

technique for the preparation of nanoparticles and nanomaterial
fabricatinne [14-20). use of the technique o synthesize nanchy-
brids has oot been reported befora. In the following sectlons, the
tharcierization and theological properties of such prepared sus-
pensions will be discussed,

2. Experimental agparatus

The present sxpefimental apperams, shown In Fig 1. was
described in detait elsewhere fISE In summary, [aser ablation of
a meral warget (Co, Mi, or Cu) submerged in aqueous Laponite
suspensions was carrled cub using & laser beam generaced by 4
single-mode, O-switched Md-Yag laser operating at 1054 nm with
a puke duration of 5.5 05 and 10 Hz repetition vate. The Laponite
suspensions were prepared by simply mixing Laponlte powder
{Lapomiz RD Fram Southem Clay Produces) with deionized water
(DA and stirring for 24 h wsing a magnetlc stlrep, The laser beam
with fluence of 0.265]fem® was aligned horizontally and it vwas
focused on the metal carget vsing a 75mm focaklengeh lens, The
laser beam was 10 mim below the liquid surface. All metal zarmples
{25mm = 25 mm and 1 mm thick) with 23.055% pueriyy were pur-
chased from Alla Aezar. All metal zamples had stnooth surfaces and
were used as received, The metal weight fractlon was determined
by measuring the welght ofthe matalplate before and after ablatlon
using & microbalance (VPG4CH, OCHAUS Corporztion k.

The colloldal suspensions obtained were carafully samipled for
trapsmission electron microscopy (TEM ), X-ray diffraction (XRET¥),
and rheolagical property measurements. The TERM shservations
were performed wsing 2 [JBOL 200CK at 200KV A small drop of
eachsample vas placed on a copper grid and allowed to dry before
balng examired in the tansmission electron mlorscape, The TEM
images were analyzed using the Image-Pro plus and Gatan Lrigital
Micregraph program. XRT characterization was carried outusing a
PAMalytical X 'Patt Fro MPD powder diffractometer having a p-2¢
configuration., a Cu X-ray source operabed at45 kY and 40mA and an
X'Celerator detector equipped with a monochromator. Sampdes for
XRD mmeasurement were prepared by evaporating 2 small amount
af the cample sospansian oa 3 Pens background quarctz plate at
arbient temperature.

Wizoosity measurements were performed using 8 Bookfield Dy -
11 Pro viscomerer with a small saraple adapler [S3ATE/1IRFYL The
adapter consisted of a ¢ylindrical sampte holder, a water jacket
and spindle. The viscometar drives the spindle immersed ipop the
sample holder containing the test fuid sample, The viscometer
can provide a roeational zpead thar can be controlled bo vary frarm
10rpm to 2000 rpm yielding 4 shear rate from 13.2 1)s to 264 1]s.
Yiscosity iz determined by measuning the visoous drag of the fuid
against the spindle when It retates. The water facket iz connected
ts a refiigerated crculating warer bath (TE-502, Brookiield) that
contrals the water temperature rom ~20 € €0 150 'C. The sam-
ple hobler can accommoadate sample volumes up to 15 ml. The

Fg. 1. A skewch of the presant laser ablanon o biquad technegue.
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ternperature of the sample s monitored by a temperatute ssosor
embedded in the sample holder.

3. Results amd discussions

Lapanite i< symthefic eodluen magnasivm slllcata day. The
Laponite crystals have a disly shape with 3 diameter of about 25nm
and a chicknessof abput 1 nm. When Lapopite i dispersed inwater
the sodlum ions are released and the Lapon|ce disks have a stronghy
negarive face charge. The edge charge depends on the acid-basa
pehavior of the 5-0H and kMz-0H amphoter|c hydrosy| sroups,
which are the main species on the edge. Below pH 9, the magnesium
inrs dissolve in the soletion and above pH 10, the dissolurion of
tilica oceurs [21]. In salt-foes warer, these disks ars stabilized, sep-
arated by a few water layers by electrostatle repulsion between che
negatively charged faces [21] Generatobservations of the pepared
samples Indlcated that an agueows solutlan of 1wis Laponite
remainad free Aowing even after several weeks of aging, Irs vis-
casiEy was b0 low to be measurable vsing the prasent viscomerae.

When Fe was ablated inta a Laponite suspension. it remained
free flowing, howeyver, when the bivalent merals Cu, Co, or Ni were
ablated inte Laponite suspensions. the mixture was ohserved to
unierge & cramsition 0 a stable gel very vuickly. Even 3 small
atmount of ablared metal induced el formatlon when the mix-
fure was altowed to rest, The gels could easily be revertsd m g
low viscosity liquid with simple shaking The gel structure quickly
reformed when the midtuces wene again allowed to stand,

To determine if Laponite gels can be formed by simply mix-
lng the metal-derived nanoparticles with Laponite suspension s, we
first generated an agqueous solution containing only Co, Cu, of Mi
manoparticles by ablacng the appropriage metal plage cubmeteed
in pure deionized warer. The solution was then mixed with 1w
Lapanite We observed that the suspensions prepared this way did
ook g€ bat remained seable. fres flowing liquids. Howseyver when we
irradiated the suspension with anintenze puise laser at 1064 nm for
about 30 min. the suspénsions underwent a gel formation similar
o whatwe phserved when Co, Cu, or Ni metal plate was ablated in
the aquegus Laponite suspensicns A possikle explanation for this
pehavior is that the laser irradiation, in additdon o genetating the
nanopareiclas (hroush abiation of che target, isalsointeractiog with
and modIfying the suspended pamoparticles converting them to the
attual speciet that is inferactng with the Lapanite sol inducing gel
fattnation.

The $ol-gel transition observed here can be aitributed to the
interaction of the catienic metals andfor nanoparticles with the
susperided Laponite disks. As a result, the negative charges on
Lapenite crystal faces are reduced and a 501-gel rangitipn induced
by the formation of 3 space-filled struchure due to both van der
W aals and electrostatic bondzs beoween the posltlvely charged rims
and negatively charged faces [8.9]. XRD and TEM were used to
probe for evldence of intercalation or Laponite layer ordering. Fig. 2
shows the typical XRD diffraction patterns measured (or unmodi-
Aed Laponite, CU-maodified and Co-modifed Laponite suspensions,
All diffracion patterns weresimilar. Mo peaks assignable to species
otherthan Lapanite were ohserved. Due ta the preparation method
used forthe ®RD samples. the clay ¢oystals are expected to be some-
what oriented énhancing bagal reflections, All dilfraction parterns
inciuding the baseline Laponite {not modified by ablated mate-
rlaly shewedt a (A01) reflection at arcund 26 =~7 corresponding
to an [nterplanar distance of about 1.3 nim. Fig. 2 shows the (G0 1)
reflectians for the Ca and Cu Laponite samples versus the base-
line Laponite. This interplanat value is about 0.4 non more than
the actual Laponite layer thickness of 0.92 nm. The layer separa-
tion of about 0ud nm sugeests that an drying and collapsing the gel,
the Lapomike layer lices are orcupied by stmple Bydrated cationic
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Fig. 2. Tymcal ¥-ray dllfrac tion patierns of rhe cation-gxehanged Lapanine aespen-
EIPNE,

species mot the much larger nanoparticles. The lenic species are
lkely M2, Co?*, or Co®*. Closer examination of the (G0 1} reflec-
dens [Fig 2} shows that the layer separatlon of the modified
Laponites is actually aboue 0015 nm less than the baseline unmod-
ifled Lapopite, This difference is fikely due ta a higher level of
Interlayer birdration in the onmodibed Laponite, These differences
will be examined more closaly in futune wark.

Typlcal TEM images comparing the Fe and the Ni nanoparticle
ablated in Laponite minoares are showin Fig, 3, ¥ nanopanticles
of varyIng sizes up (o about 40nm in diameter (Fig. 3a} werg @n-
dornly distributed among the Laponite disks, The TEM image of
Mi nanopartictes sblated in che Laponice suspension 15 presented
in Fig. 3b. The Ni paitictes sizes were from 2 bas 10 about 10nm
in dizmeter, Same larger particles of about 20-25nm ware also
ohserved. I general, TEM indicated char both the non-gelling Fe
and the gelling Minapoparticle: Laparite mbiures had similar mor-
phologles o no dieed informaiion on the cause of the differences
in behavior & evident. In both cases, the average size of the visl-
He pnanoparticles was of the same onder of magnitude as the 25nm
Laponite oryskal diameters.

Bazed on e characcerization results $o far, the mecthanism
controlling the difference in behaviar of iton oompared to ¢oball,
copper. aod nickells not kaowen ar this time, However, one possilil-
ity (s that different cationic species are reduclng the strong negative
charge of the Lapon]e crystal faces in the Fe mogified suspension
versus the other three samples. if the gelling is simply a result of
hdrated metal cations in sotu Gon resulting from the laser ablatlon
process then the gelling diffatence sonld be dog to the dllference
in the strength of intaraction of the expected catlonic species, Fe?*
versus Ni2*, Cu?*, or Cu?*, with the Laponite crystal faces, Further
work will atte mpt to clarify ehls difference In behavior and explain
its contml ing mechanism.

For suspension rheplogleal propertles, we show in Fig, 4 the
plastic visoosity. ny. for Ni-. Cu-, and Co-exchanged Lapohite
sugpenslong. The viscosity of aquecus suspensions containing 1%
Laponlte without metals was not reported here because [Ewas tooe
low to be measuralle by the present viscometer (below 2¢p), The
resulks shown were recorded after the Suspensions wers sheavad
at a given shear rate untgt they reached a steady stale, typiczlly
about 1 k. The viscosities decreased rapidly with Increasing shear
rates indicacing that the prepared suspensions are excellent shear-
thifiming flulds. Ac indicatad in the figuras, the weitht percents of
tetals were negligitly small compared to that of Laponite amd yat
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Flg 3. TEM invages of canor—excha nged Lapoaiie panocryst als {{a) Fe pamcles. and [ bY Wi partaclac)

the range of the yiscosity reported hara was several hund red times
higher thai those obtained for suspensions Containmng 1wid of
only Lapondte. For example, ar a shear rate of 3.4 1/s, viscosity of
Mi-exchanged Lapatate was abouk S00¢p and it decreased rapidiy
to abour B0cp as he shear rate increased to 831)s. For the same
rarge of shaar mtes, similar results were also showwn for Cu- amd
Co-exchanged Laponite suspensions. Thus, in addition o shear-
thinning behavier, catien -modified Laponite can be Thoyght of as
an effactive additive far Meid viscosity enhancement,

The comrespondlng shear stresses,interms of 1/ versus Y2 are
shotrn m Fig. 5. The results indicated that the shear stresses mea-
sured for Mi- and Cu-gxchanged Laponite suspensions exhibited a
tinear 1ncrease with ' while the shear stress of Co-exchanged
Eaponite suspensions did nek For this case, tha dependsnece of the
soress an the shear rate was absereed, to accur only atlow and bgh
shear rage values. For the rapge of che shear rave from 107F)s o
abour 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 3 Depending on the matal used, the intercepts, of
the curves were 2211 cpfs (2.2 Nfm? ) for Ni-exchanged Laponite
and 17.20 cpfs (1.7 My} for Cu-exchanged Lapoaite suspenswns,
Since the iatercepts represent the shear stvesses when the shear
rave is zero, these values can be thought of as the yield strengths
of the prepared cation -modified Lapornte suspensions, These yhald
strengths are sufficiently high for suspending welghting raaterials
such as barire which requires the el strensth of gbout 0.5 Mfm?=.
Thus. cation-madified Laponite nanchybrids can be considered o
have potendial a5 gel forming agents.

Wany atudies have been made o relate the yield stress of
2 suspeEnsion system (o the particle-particle van der Waals and
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Fig. 4. Mashe wrenty of cahen=exchanged Lapooite suspenzion as 3 tunckyn aof
the shear moe [meazured ax 257C)

the clectrogtaric interaerion potentials [22-24) Salealri et al, [22]
studied che effects of salt concentration on cthe yleld stess of Na-
mantmotillonite suspeasions. They assumed that at the point of
yield|ng, the yleld stress is aquivalent tothe strength ofelectrostatic
repulsion and developed an equation showing the dependence of
the yield stress an the ionic strengrh and yolume frachan. Simi-
Larly, i a study of the yield stress of Laponlte suspensions, Laxton
and Berg |23[ relaved the eledrastatic tepulsion portion to the zeta
potendals of the Lapanite {ace and edge. Thus, we can aATibice
our results reported in Figs- 4 and 5 o the inferactisng between
the Laponite positively charged adges and the negatively charged
faces.

At precent, we do nat [lly understand why different rheclogical
amd thixotrpic properties are obtained when using copper, cobalt
and nickel. Howewver, e expact that Lapooite orystals dispecssd in
warer will have 3 strongly negative face charge and weakly pos-
itive edze charge. In salc-free water, these crystals are stabillzed,
separated by 3 fawr water Favers by alectrostatic repulsion behvesn
the negatively charged faces. |n order to oreate 3 sol-gel ransition,
the negative charges on the fce must be reduced 3o that a space-
filled structure due to electrostatle bonds berween the pasitivaly
charged nms and the negatively charged faces can be induced. In
the present worle such acharge reducaen ywas otéained by interact-
Ing Cu, Co, or Ni w/th the faces of the Laponite dislc. Fig, 6 shows the
TEM images of Cu, i, and Co ablaced in deionized warer stabilized
by 0.1 wt.% PVF revealing that the atlated particles are different in
sizes and shapes. Co particles wers spherical with Glamerer ranglng
Erony 10 b 15 nm. Mi particles were much smaller with parti-
cle diapneters ranging frone aboak 2 im0 Sam. Cu particles had a

9 -
DW + Lapomte (1%) |
o | il
= | Ni (00259} "
g 9t a cucondem) o
B * Co(0.05%) e .
e Tl - ~
o P . S
?g L I | J,,_-rfﬂ-'
EfF > & _,-""1. ____,'_
; i
= A
A st
T B R S
[Sheer rate, y (1)1

Fig 5. Shear stress versws shoar raks measered for varmus catrn-exchanged
Lapontte auspendionmeasused at 25 C)
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Fig. 8. TEM irsages of Cu. Co, and My pasoparticies ablased wn-deiorzed water stabilized by PYP {01 wi X)

mradle shape with lengths ransing from 20nm o 30nm and diam-
eters ranging from 5 nm 30 10 am.Some larger patticles of 30nmin
size wrere also presented, These differences might aléer the charge
reduction and ould Be the reason why different rheatogleal and
thixotropic behaviars are obtained when using copper. cobalt and
mickel.

T enarune the thidorrepy of the prepared caton- modsfed
Laponite suspensions we simply ohserved the suspension behay-
[2r in tatmas ofF it changlng cheological properties with shearing
time, T is known thak rheotogical properties of a thixerropc mate-
nial depend not only on its initial strength buk alse on the shear
rate and the shearing time, therefore, the measured values of chese
propetties will depand onhow the sample is [naded inbo a viscome-
ter and how leng it is deft at pest before shearing [25,26]. Thus, te
obtabn similarinitat congicions For a1l meq s rements wefirseshogk
Che samples o liquely the suspension so that it could be loaded
it the viscometer sample holder using a pipette. We sheared the
rest sample with 3 high and constant shear rate until (15 visoos [y
was steady oul at 2 constant value. We then suddenly decreased
the viscometer shear mie and observed the suspenzion buildup
via itz changing viscos|ey [shear stress) as a function of bme. To
ohs2rve the suspension breakup, we first sheared the sampte with
& 10w shear rate {for all expeciments here we used 3.4 1)5) uniit
its viscosity steady ouk then we suddenly increased the shear rate
and cbserved the changing viscosity {or stress) as a funchon of
thrrve. Typical resudts on the theological propeeties of Mi-exchanged
Laponite sucpensions measured daring gel breakup and butdup
are shown in Fig. 7. [t is clear that for a glven shear rate the sus-
pensions reached a steady star= condition qaickly after shearing
for abontt S-10min. Such fast breakup and buildup behavior ane
critical in many applications, One of such applications is for oil and
gasdrilling, During drilling, circulation might have tostop and start
many tismes for varlous reasons Tnadeepwell, drill bits brezk more
aften, for example. and changlng the bit aften requires many hours.
Ome of the most important reqeirements of any geod dritling fluid

B

e re—tt

ks [ts ability to suspend cuttings and weight matenials wwhen cir-
culation is stopped. 1 the solids are not Kept in suspension dering
this time, thelr seting will esult in depasition of solids on the
kit which can become stwck, In order for the fluid to have an ade-
quate suspendirg ability it must develop bigh gel strength quickly
when the fluid 15 not in moton. Conventional drilling Auids with
high gel strength usually require high energy to initiate circula-
tor, generating préssure surges [N the annulus winke the Row is
being reestablished, Although Ni-exchanged Laponite suspensions
have grezt gef strength at rest, the strufture can be quickly boken.
Therefore, they can be transformed inte 2 low viscosity fuid that
doat not Indpee sipnificant fdction losses during circulation and,
yet, can quickly develop high gel strength after the purap is turmed
off, preventing solids from sevthng.

Most researchers inthis area have used the time derfvative dafde
to descobe the strue ure strangth of 2 chixotropic matenal, whers
A 15 the marerial siruchure which is equal 1o 1 when the system
structure is completely built and 2ero wher its stracture i$ com-
pletely broken-down, The most general daseription of A3 fdr due ro
shearing 15 the sum of the breakdown term which is proportional
to the product of the current level of structure and the shear rate,
a Ay9, and the buildup term which depends an the dnving force
for ehe bulidap. o< (1 — A From this stivpie sheory, many models
to predict propentes of thixocragle matenals have been developed
For 2 non-Mewtorian fluid, the upper viscosity limdt, A =1 corre-
sponds 1o mg and (he lower viccosity limit A =0 corresponds 10 i,
The Fallow ng equaticn can be used to describe the response of the
wiscDsity to a step-wise change from oae hmitto another [27)
1= Too = (s = Hade 1A (1}
where g iz the viscasity at the commencement of shearlng, .
is the plastlc wiscosily. r s a dimensionless constant, § is a time
constant, and £ 5 the shearing ¢me. Az diztussed by Barnes [27]
this equation describes the funenonal dependency of the viscosity
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B ED . e m Enp—— Cal i ¥ P ——— i
=4 k\ L= _—] =H| 0 DK DV Laponits (198)]
L . Y | {1 Buldup from steady atyw a8 15 |
= Bk b, M k |4 #C Exp, — Cal -| i
g 20 %‘k 136 14, p=0324 | : Cal: |
e e i Sevarwn, S 336 Ls B0
T T I P e
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Fig, 7, Yiscogires of Mi-gacha nped Lapon g suspensond durtng 0| 3l Ik up and breakep fmeasured a8 25 O}
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o0 the shear rate and the shearing ume It can cope with botdop
and breakdown i step-up or step-down tests with values of £ and
rdepending on both the shear rate and the direchion The values of
7 also vary with the comdinom of the rest and the particuiar sRstemh
bemnyg tested and they decrgase linearly with the log of the shear
rate, typacatly from 07 eo D9 ar 10-5 1427]

Ta check the vahdity of Eq [ 1], we fit our méasumd propernes
for M1-excia nged [apenite suspension dunng buildup and breakup
For simphary we used r=umty and conducted a least square fit
ol e veasured values fo the above suabon 16 was found that
an expression of this type descnbed our experymentat resiulis very
well As shown in Fig B, the nme constant 4 was found to depend
ot both the shear rare and the divechon ag hscussed by Bames | 27|
Autwereased with the sheae tate and, for a piven shiear rake, ks values
11 the bunldep dicsctwon were tugher than those 0 che breakdown
diraction

Fig 9 shows the effects of the vaniows metals on the viscosites
of the modified Lapomite snspensions KMeasuremeants were con-
ducted over 2 2-h perind where a shear rape of 56113 was vsed
dunng the first hour which was suddenly decreased to 56 1/s for
the second hour The results chserved for the shear rabte of 56 1/%
indicaped that the viscosites of alb suspensions behaved samilaly,
that 15, they all decreased quwckly and steady out after about 10 mn
of sheanng For theshaar rate of 3 6 15, Bowever, the measured vis-
cositees of Co and Co~edchanged Laponite saspensions exbabiced a
mxed thixotropic behavior while a positive thixotropic behavier
was obzerved for the suspension modiied with Ji
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Fig. 11. EfMer of vemperacura on che wiscoswy of Meexdnanged Laponae suspen-
=M

Fig. 10 shows the effects of the concentrations of Laponie and
Co on suspahsin Vistonifies For example, the wiscosibes of the
SUcpengeon containing 0 05% Co and 0 5% Lapomte were stable at
27cp and 170<pwhen i was sheared at 551/% and 3 & 15, respes-
biwaly For the same Co concentratign and shear rates, the viscasifies
increased o 34 cp and 512 cp when Laponite concentrafion was
increased to 1% For the same Lapomite concentration, an mcrease
in Co concentration from 0033% o O05% resulted in changes in the
wistiaseties of the suspans ong Tom 70 op o 82 ¢pand from 478 6p to
512 cp when they were sheared at 56 1fs and % & 15, respectively
Theahliy of cation- mod | fied Lapomie nanohybods (o stabilize ves-
cosiey of Laponite suspensions at elevated temperature was also
demonstrated. Fig 11, The wisconines of Mi-eXchanged Lapomie
suspensions measured at 25=C and 75°C and found o Be nearly
wlentical

4, Conclusions

We have conducted & prelrrnary study on the use of laser-
generated nanoparticles for mawntainmg rheological properoes of
Laponite suspensions at fugh temperature To 46 0. we preparsd
cation-modifisd Lapomite suspensons and sxaminsd the #ffects
af Tour tmerals. Fg, th, Co, and O, on the syspensien serucoral,
thaxotropie, and rheological propernies To prepare the saritples we
used Jaser ablahon of 3 metal target it lequd 10 the presence of
aquesus Lapomute and found that the techrudque can be used o
suecessfilly producs caben-modifed Laponite crysials Alchough



TX Phures ed al [ Callegcls and Suefaces A: Phpslcachet Eng Aspeoks 350 [2008) P 1-F7F T

the welght percent of the nanoparticles was negligibly small com-
parad o0 that of Laponite, aqueeons sugpensions of these modifled
Laponite crystals were highly viscous with excellent shear-thinning
and thixotroplcbehay |or, The floid gelled qulckly with segnificantly
high gelstrength when it was at rest nevertheless its structure was
broken asily and it bransforomed 16to a low Viseosity fuld guickhy
om shiear] ng, Tespite thi fact that the Jaser-generated nanoparticle-
Lapenite mixtures were found to have premising shear-thinning
and thixatropic behaviors, the @#xact mechanism for the behavior
was not ldentified by the characterlzacpn done so far, Manopat-
ocles andfor hydraced metal lons could be plaving a role in the
observed behaviors. In addition, the spedific specles comprising the
nanoparticles penerated by the faser rechnique used 1n this study
are et et bmown, Answering these questions will be the goal of
furdre investigarions

Given the enormous amount of material that e veeded for
drilling cperations, use of the laser-ablation technigue to syn-
thesize materials far driliing application appears econom|cally
unpractical at present However, the development of 2 better
understanding of these systems |5 expeceed to lead to alternative,
more econpmical synmheric routs i fese materidls,
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