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Abstract : Thispaper imsat eva uating theinhibi-
tion of potassium methylsiliconateon hydrated swelling
of montmorilloniteand exploring theinhibitivemecha:
nism. Theresult of linear swelling testsshowsthat po-
tassum methylsiliconate exhibitsahigh performanceas
aneffectiveshaeinhibitor indrillingfluids. Theinhibi-
tion mechanism of potassium methylsiliconatewasin-
vestigated by meansof avariety of methods, including
Fourier transform infrared spectroscopy (FT-IR), X-
ray diffraction (XRD), tranamiss on € ectron micrascopy
(TEM), zetapotentia, et d. Theoutstanding inhibition
of potassium methylsiliconateisderived fromthe syn-

INTRODUCTION

Theproblem of wellbore stability in water-sensi-
tiveshdeformation hasfrustrated oil-fid d engineersfrom
the beginning of the oil and gasdrilling. Whenwater-
based drilling Giuids encounter clay-rich shale forma-
tion, theresulting clay hydrated swelling can causewell
instability oftenidentified by solidsbuild upinthedrill-

ergy of potassium cationsand methylsiliconateanions.
Methylsiliconate anionscanformahydrophobicregion
surrounding theindividual montmorilloniteparticle
through theadsorption on the edgesites, thusinhibiting
theingressof water intotheinterlayer. Theprimary role
of potassiumionsisto lead to theformation of aless
hydratablestructureof MMT through cation-exchange
interaction.

K eywor ds: Potassium methyisiliconate; Montmo-
rillonite; Hydrated swelling; Inhibition; Hydrophobic
region.

ing fluids, tight hole, stuck drill pipesand holeenlarge-
ment, which significantly increaseswell construction
costs, and intheworst case, can result in total aban-
donment of thewel 114, Therefore, during the past 50
years avariety of drillingfluidsadditivesgeneraly known
as‘shale inhibitor’ or ‘clay stabilizer’ have been devel-
oped and utilized to prevent clay from hydrated swell-
ing. Traditionally, besidestheinorganic saltssuch as


mailto:hades_331@163.com

182

ChemXpress 2(4), 2013

ORIGINAL ARTICLE

K Cl®, theshaleinhibitorsaregenerally organic poly-
mers or surfactants®, whichincorporate appropriate
functional groupsthat interact favorably with claysto
reduceswelling.

Alkali metal organic siliconatesthat encompasses
potassium methylsiliconate (PMS) and sodium
methylsiliconate (SMS) isonerepresentative of awhole
seriesof compounds, themeta organicsliconates. The
chemicd structureisshown below:

OH
I
HiC — S — O M*

OH

(M representsalkali metal such asK, Na, Li)

Friedd and Ladenberg first madethesedkai sdts
intheir studieson akyl slanetriolsin 1870, but thefirst
study onit wasmade by Meadsand Kipping® in1914.
According to the previous study'®, in dilute agueous
solutions, alkai meta organicsiliconateexigslargdyin
a monomeric form [CH_Si(OH),0]'M* as shown
above. As silicon does not form double bonds with
oxygen and silanols are easily condensed to
polysiloxanes, concentrated solution of alkai metd or-
ganicsiliconate probably containspolymerssuchasthe
dimer [CH,SIOH(OM)].0O.

After have been used aswater repellent firstly in
1950’s, alkali metal organic siliconates have been ap-
plied asadditiveintheareaof drillingfluidsaswell. In
1970’s, SMS has been first introduced in Soviet as vis-
cosity reducer to stabilizethe properties of water-based
drilling fluids™. Since2000’s, SMS as viscosity reducer
has become widely used in China, especially in
Daqging®9, Henan*®, Huabei and Liaoheailfid d™.

Toour knowledge, sofar inthefield of drilling flu-
ids, theakalinemetal organic siliconateswas mostly
confined to the application asviscosity reducer addi-
tive. However, weoccas ondly found that PM S could
act as ahigh-performance shale inhibitor dueto the
uniquesynergisticinhibitiveeffect of potassumionand
methylsliconateanionsonclay svdlinginwater. Inthis
work, wereport anin-deep investigation of theinhibi-
tive effect of PM Son hydrated swel ling of montmoril-
lonite (2:1type smectiteclay). Theinhibition perfor-

mance of PM Swasevaluated viaclay linear swelling
test and thefunctiona mechanismwasandyzed through
avariety of characterization methods.

EXPERIMENTAL

Reagentsand materials

Potassium methylsiliconate (PM S) and sodium
methylsiliconate (SMS) was obtained as 30 % aque-
oussolutionfrom XinghuaSiliconeLtd., China. Mont-
morillonite (MMT), with cation exchange capacity of
81.3mmol/100gwas purchased from Xinjiang Xiazijie
BentoniteInc., China. Theraw sampleswere charac-
terized by X-ray diffraction and FT-IR spectroscopy.
Such analysesreveal ed that quartz, potash fel dspar,
anorthose, and gyp werethe major impuritiesaccom-
panying pristine clay. The elemental composition of
the raw samplewas determined by ICP-AES analy-
sis: Si, 58.7 wt%; Al, 20.2 wt%; Na, 4.6 wt%; Fe,
8.1 wt%,; Mg, 3.6 wt%,; K, 3.1 wt %; Ca, 0.8 wt%;
Ti 0.9 wt%. Other reagentswere obtained from local
reagent companies. All material s were used without
further purification.

Clay linear swelling test

Thelinear swdlingtestsof MMT ininhibitor solu-
tionswere performed using CPZ-2 dual channdl shale
expansoninstrument (Qingdao, Chinag). 5gMMT was
placed insidethetest container and condensed by hy-
draulic pressunder 10 MPafor 5 min. Then thecon-
tainer wasfitted to the shaleexpansion instrument fol -
lowed by pouring theinhibitor solutionintoit. Oncethe
MMT contacted theinhibitor solution, therecord of
linear swellingof MMT invertical direction began.
Characterizations
(a) Samplespreparation

PM S agueous sol utionswere prepared with differ-
ent PM S concentrations (0 wt%, 0.5 wt%, 1 wt%, 3
wit%, 5wt%, 12 wt%, 20 wt%). Then9gMMT was
dispersedin 300 g PM Ssolutionto makeMMT/PM S
aqueous suspensionswith 3wt% MMT content. The
suspensionswerestirred vigorously at 4000 rpm for
30 min and then shaken in athermostated chamber at
25°C for 16 h to reach the adsorption and hydration
equilibrium.
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TheMMT/PM Ssuspensionswere centrifuged for
15 min at 11000 rpm, and then the supernatant was
decanted. Thewet MMT onwhich PMSadsorbed were
washed with deionized water for 5 - 6timesto eimi-
nate the remaining PM S sol utions on the surface until
the pH value of thewater decanted reached 7. Then,
the wet MM T/PMS complex was divided into two
groups. One group wasdirectly sealed and stored at
roomtemperaturefor anaysisof XRD.Another group
wasdriedintheovenat 100 °C overnight, stored being
exposedtoair for analysisof XRD, FT-IR, TEM, and
water contact angle measurement.

(b) X-ray diffraction (XRD)

XRD patterns of the MM T/PM S complex were
anayzed by D8 Advance Diffractometer (Briiker, Ger-
many) operating at avoltage of 40 kV and acurrent of
40 mA, and employing Cu Ka bltered radiation (A =
1.5406 nm). Diffraction patternswere collected with
20 angle scanning between2° and 15 °.

(c) Fourier transforminfrared spectroscopy (FT-
IR)

FT-IR analysesof MM T/PM S wererecorded by
Magna-IR 560 spectrophotometer (Nicolet, U.S.A)
with the wave number range 4000-400 cmt and the
resolution4 cn.

(d) Transmission electron microscopy (TEM)

TEM analyseswere performed by aJEM-2100
transmission el ectron microscope (JEOL, Japan). The
sampleswere prepared by dispersingtheMMT and
MMT/PM S complex into deionized water toform 0.1
wt% agueous suspensions, and then the suspensions
were ultrasonicated for 30 min. The prepared sus-
pensions were dipped onto the amorphous carbon-
coated copper TEM gridsand dried under aninfra-
red lamp.

(e) Zetapotential

Zetapotentia of theMMT colloidal particlesin
PM S aqueous sol ution were performed using Zetasizer
Nano ZS instrument (Malvern, U.K). The series of
sampleswere prepared by dispersing 0.1 wt% MMT
in PM S solutionswith different concentrationtoform
MMT/PMS suspensions. The suspensions were
ultrasoni cated for 30 min before measurements.
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(f) Water contact angle

For thistest, the self-supporting MMT filmswas
prepared according to themethod of Wul™ll, Thedried
MMT/PMS complex wasdispersed in water again to
form 1 wt% suspensions. The suspensions were
ultrasonicated for 30 min, and then aiquotsof 10 ml
suspensionswerewithdrawn with pipettesand distrib-
uted evenly on clean glassdlides (2 cmx5 cm), which
were placed strictly horizontal. Theglassdideswere
left air-dried for at least onenight until the smooth and
thinMMT filmsformed, and then thefilms coated on
thedideswere peded off for thetest. Contact angle of
water droplet onthe MMT filmswas determined with
the static sessile drop method using digital camera
equipped on JC2000D contact angle measuring instru-
ment (Powereach, Chinad).

Yidd point measurements

Theyidd pointsof the MM T/PM Ssuspensionswere
calculated from readings of 600 and 300 rpm (@,
and @, ) of ZNN-D6L viscometer (Qingdao, China),
usingfollowing formulasfromAPI Recommended Prac-
tice of Standard procedure for field testing drilling
Guids!*: Yield point=0, "®, /2 (Pa).

RESULTSAND DISCUSSION

Inhibitive performanceevaluation

Thelinear swelling curvesof MMT immersedin
del onized water and PM S sol utionswith different con-
centrationsare presented in Figure 1. For al samples,
theswelling curvesdisplay asimilar shapewith strong
increasewithintheinitia few hoursfollowed by arda
tively dower growth, exhibiting typica swelling behav-
ior of MMT in agueous solution. Obvioudy, anong al
thesamplesthe MMT in deionized water swellsthe
most and the adding of asmall amount of PM S (0.5
wit%o) largely reducesthe swellingamount. With thefur-
ther increase of PM S concentrationto 7 wt%, theswdll-
ing amount of MMT is suppressed to approximately
20% of that in delonized water, exhibiting an outstand-
inginhibition performance. When the concentration of
PM S continuestoincreasefrom 7 wt% to 20 wt%, the
swelling only changesalittle, which seemstoindicates
thea most saturated adsorption of PMSon MMT near
the concentration of 7 wt%.
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Figurel: Linear swellingcurvesof MM T in PM Ssolutions
with different concentrations

Theinhibition performance of PM Swasa so com-
pared with SM S, whichisshownin Figure2. Although
the swelling rateswithin theinitia hoursisparallel,
theMMT in 5wt% PM S sol ution reaches hydration
equilibrium much earlier thanin 5wt% SMS. This
could beattributed to the higher inhibitive effect of
K* than Na*. Dueto the proper sizeand low hydra-
tion energy of K* 131 the exchange of K* for
interlayer cationsresultsinalesshydratable structure
of MMT. Therefore, as compared with SMS, the
presence of K* in PM S solution that formed through
ionization and hydrolysisreaction rather than Na' leads
to an earlier hydration swelling equilibriumof MMT,
which is undoubtedly beneficial for maintaining
wellborestahility.
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Another phenomenon shown in Figure 2 that can-
not beignored isthat, beforereaching equilibrium, the
swellingof MMT in PM Sand SM Ssolutionsare both
much dower thanin K Cl solutionswith even higher con-
centration of K*. Thisillustratesthat besidestheK*, the
methylsiliconate anionsin PM S solution also makea
significant contribution to high swelling inhibition of
PMS, which will befully discussed in the chapter of
mechanismandyss. For thisreason, thehighinhibition
of PMS could be ascribed to the synergy of K* and
methylsiliconateanions. Inother words, PM Sfunctions
asthe mixtureof SMSand KCI. Thelinear swelling
testsof Liu™ have suggested that theincorporation of
3wt% polyethyleneglycol into the7 wt% K Cl wasnot
showntoobvioudy improvetheinhibitiononday swell-
ing, indicating the poor synergy of polymer and KCl,
probably dueto thelimited ability of traditiona inhibi-
tive polymerssuch aspolyethyleneglycol and polyacry-
lamide’*¥. Neverthel ess, unlike polymer/K Cl system,
thesynergy of K* and methylsiliconateanionsin PMS
solutionisextremely effective, confirmed by thefact
that theinhibition of PM Sismuch stronger than both
the SM Sand K Cl with the same concentration.

Functional mechanism analysis

Inthefollowing, the synergisticinhibitive mecha-
nismof K* and methylsiliconate anionsby whichPM S
inhibitshydrated swellingof MMT wasinvestigated in
detail through avariety of anaytical methods.

(a) X-ray diffraction

Asmentioned above, K*in PMSsolution inhibits
MMT swellingthroughthewe |-known cation exchange
for Na" in the interlayer. While in the case of
methylsiliconate anion, it may function through the ad-
sorption and interaction between silanolsand siloxane
surfacesof MMT.

Understanding the adsorption type of
methylsiliconateanionson MMT surfaceisof prime
importancefor comprehendingitsinhibition mechanism.
X-ray diffraction (XRD) was used to investigate the
change of 001 interlayer spacing (d(001)) of theMMT/
PM S complex ascompared with pristineMMT, from
which we could make it clear that whether the
methylsiliconateanionsintercalatetheinterlayer or just
adsorb onthe externa surface or theedge sites.

Theevolution of the XRD patternsof thewet MM T/
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PM S complex with concentration of PM Sis presented
inFigure3(a). For prisineMMT, the XRD patterndis-
playsad(001) spacing of 19.5 A corresponding to a
dominant quadric-layer hydrate stage'®. The addition
of smal amountsof PM Simmediately modifiesthepat-
tern of d(001). With theincrease of PM S concentra-
tion up to 20 wt%, the d(001) spacing decreasesfrom
19.5A to 14.7 A which is typical of a dominant double-
layer stage!, indicating that the crystalline swelling of
MMT isinhibited by PM Sin aqueous suspension. The
greatest change of d(001) spacing occursat the con-
centration ranging from O wt% to 5wit%, whereaswhen
the concentration further increases to 20 wt%, the
d(001) spacing changesrdativey little. Thisisroughly
consstent withthevariaion of swelingamountof MMT
in PM Ssol utionwithincreasing concentration, asshown
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inFigure4. In addition, for small PM S contents (0.5
wit% and 1 wt%o), the diffraction patternsexhibit apal-
pabledecreaseof crystdlinity, asjudged from thewidth
and intensity of the d(001) signals. Whilefor higher
PM S concentration, thecrystallinity grows up again.
Inthe case of purewet MMT, dueto the disordering
of 001 plane brought about by alarge number of wa
ter moleculesintheinterlayer, thecrystalinity iswesk.
When asmall amount of PM Sadsorb onthe 001 plane,
the ordering of the plane even getsmuch weaker, thus
resulting in the decrease of crystallinity. Nonethel ess,
when theamount of adsorbed PM Sfurther increases,
thecrystallinity gradually pick up becausethelargely
reduction of water moleculesintheinterlayer offset the
negative influence of the PM S adsorption on the or-
dering of 001 plane.

(b)
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Figure3: XRD patter nsof wet MM T/PM Scomplex (a) and dry M M T/PM Scomplex (b)
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Figure4: Swellingamount (16 h) of MM T in PM Ssolutions
compar ed with d(001) spacing of MM T/PM Scomplex asa
function of PM Sconcentration

Figure 3(b) presentsthe XRD patternsof dry MMT/
PM S complex. For pristineMMT, asymmetrica peak
locating at 20 = 8.9 ° (d(001)=9.8 A) reveals a homo-
geneousunhydrated interlayer structure®®. Theload-
ing of PM Sresultsin an asymmetric peak dueto the
form of heterogeneousinterlayer structure. Through
peak-fitting (not shown), it can befound that the het-
erogeneousinterlayer structure containsthe pristine
unhydrated interlayer (d(001) = 10.0 A) in combined
with theinterlayer on which PM S adsorbs (d(001) =
10.8 A). Blachier™ also observed mix-interlayer struc-
turein XRD anaysisof MM T/polyamine, and attrib-
uted the heterogeneity to theintercal ation of polyamine
insomeinterlayer. In Blachier’s study, increasing the
polyamineloading caused the decrease of the origina
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peak intensity, and on the contrary, theincrease of the
new peak intengity, which indicatesthat the proportion
of theinterlayer intercal ated with polyamineincreases.
However, for MMT/PMS, the intensity of the peak
bel onging totheinterlayer in which PM Sinteract does
not increasewith theincreasng PM Sloading, seemsto
indicatethat PM Sdo not intercalatetheinterlayer. In
addition, the spacing of interlayer interacted withPM S
isonly approximately 0.8 A larger than that of pristine
interlayer, far lessthan thefull sizeof PMSmolecule.
Thus, it can be concluded that PMS molecules or
methylsiliconate anionsdo not penetrateinto theinter-
nal part of theinterlayer, but rather adsorb onthe edges
stesof MMT layersand dlightly pushthelayers apart.

(b) Infrared spectr oscopy

In order to search theinhibition mechanism, thein-
frared spectroscopy was used to further study the ad-
sorption behavior of PMSon MMT. Figure5 presents
theinfrared spectroscopy of MM T, PMSand MMT/
PM S complex with 5wt% PM S content. The FT-IR
pattern of MMT exhibitsan extremely typical charac-
teristic of smectite group. Some of the major absorp-
tion peaks aré®: stretching bands of structural O-H
(3625 cn?), broad stretching band of physisorbed wa
ter (3443 cn?), deformation band of water (1646 cmr
1, bandsof Si-O stretching and Si-O-Si bending (1040
cnrt and 1080 cmt). The primary absorption peaks of
PM S arebroad stretching band of Si-OH (3300 cm'?),
stretching vibration band of C-H in Si-CH3 (2968 cmr
1), intensedeformation bandsof S-CH3(1276 7 cm™)
and deformation bandsof Si-O-Si (1030 cmr)i21,

MMT

MMT/PMS

Transmission (a.u.)

1
2968 cm’ ‘
C-H in Si-CH, 1276 ecm’
i Si-CH,

L : L L L " L 1 i
3500 3000 2500 2000 1500

4000 1000

-1
Wavenumber (cm”™)

Figure5: FTIR spectraof MMT,PMSand MMT/PM S
complex

ThelR pattern of MM T/PM Sisbroadly similar
to pure MMT, except for some inconspicuous
changes. In the spectrum of PM S, the two distinct
peaks belonging to Si-CH3 arelocated at 2968 cm'?
and 1276 cm* respectively. However, for MM T/PMSS,
only the weak peak at 1276 cm* can be observed,
indicating the small adsorption amount of PMS. The
adsorption of methylsiliconate anionson MMT is
mainly by the formation of Si-O-Si covalent bond-
ing?@ between Si-OH inmethylsilanol and ontheedge
sitesof clay, rather than by H-bonding or e ectrostatic
interaction. Therefore, the small proportion of
adsorbed PM S could be due to the low number of
Si-OH? |ocated at the edge sites of theindividual
MMT particles. In addition, the peak assigned to the
physisorbed water (1646 cm™) becomesweaker com-
pared to the pure MMT, suggesting that water
physisorbed intheinterlayer isreduced by the PMS.
Thisisin good agreement with the results of XRD
anaysis, further confirming that the hydrated swelling
of MMT can be effectively inhibited by PMS.

(c) Transmission electron microscope

The TEM images (Figure 6) revea different dis-
persion stateof prissineMMT and MM T/PM S com-
plex particlesinagqueoussuspensions. Ingenerd, if there
were no el ectrolytes and the temperatureis not high
enough, thepristineMMT particlein aqueous suspen-
sonwould bewell dispersed, asshownin Figure 6(a).
Wheressitiscrysta clear in Figure6(b), the plate-like
MMT/PM S particlesare not well dispersed in water,
but stacked compactly to form very thicker and larger
flakes. Itindicatesthat after the adsorption of PMSon
theedge sitesand the cation exchange of K* for Na'in
theinterlayer, the hydrated swelling of MMT particles
becomesvery difficult, corroborating thehighinhibitive
performance of PM Sfrom microscopicleve.

(d)Yidd point and zeta potential

Theyield point of suspensionreflectstheintensity
of theinterna network structureformedby MMT par-
ticlesinlaminar flow. Figure 7 presentstheyield point
curvesof MM T/PM S suspension asafunctionof PMS
concentration, fromwhichtheinfluenceof PMSondis-
persion of theMMT colloida particlescould beindi-
rectly investigated. Theyidd point hasaninitia decrease
at PMS concentrations below 1 wt%, and a subse-
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quent rebound with the concentration further increases,
whichisinlinewiththezetapotentid variationof MMT
in PM S solution (Figure 8). In general, some of the
edgesitesof pureMMT particlesarepositive charged
dueto thebroken bonds. At relatively highMMT con-
tent and low el ectrolytes concentration, the colloidal
particlesmay exist infloccul ation state dueto theform-
ing of three-dimensiond reticular structure caused by
the el ectrostati c attraction between the positive edges
sitesand negative charged surface. Theadding of elec-
trolytesgenerally may result inthe compression of the
diffuse doublelayer and the decrease of negative zeta
potential. However, for MMT in PM S solution with
low concentration, compared to the compression of
diffusedoublelayer by K*, thechemical adsorption of
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Figure7: Yidd pointsof MM T/PM Sand MM T/SM Ssuspen-
sonsasafunction of concentration
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negative charged methylsiliconate anions at the edge
stesof MMT playsamore significant role, thusresult-
ingintheincrease of thenumber of negative chargeand
better dispersonof MMT particles. Therefore, theini-
tial flocculated or aggregated MMT particlesbecome
more dispersed after the adsorption of PM S, whichis
the reason of the yield point decrease. However, as
mentioned above, the adsorption amount of PMSis
low because adsorption mainly occursat theedgesites
of MMT. Therefore, with the PM S concentration fur-
ther increases, the effect of PM Sadsorptionislimited
and theimpact of K* becomes predominant. For this
reason, the zetapotential decreasesand leadstoasig-
nificant increase of theyield point, indi cating thefloccu-
lation of theMMT particles.

4 ] / t
08

Figure6: TEM imagesof prigineMMT (a) and MM T/PM Scomplex with 3wt% PM Sloading (b)
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Zeta potential (mV)
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Figure8: Zetapotential of MMT colloidal particlesin PM S
solutionswith differ ent concentrations
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In addition, also shownin Figure 7 istheyield
point curve of MM T/SM S suspension that exhibitsa
very different pattern with that of MM T/PM S, which
isacontinuousdeclining. In view of the same concen-
tration and valence of K* and Na*, the compression
degreeof diffusedoublelayer for MMT in PMSsolu-
tion should have be closed to that in SM S solution.
However, owingto thelow hydrated energy of K*3,
amuch thinner hydration film of MMT particlesis
brought about by cation-exchange adsorption of K*
thanby Na'. Asaresult, thecolloidal particlesinMMT/
PM S suspension are moreinclined to floccul ate than
that inMMT/SMS, which in turnindicatesthemuch
stronger inhibition effect of PMSthanSMSonMMT
hydrated swelling.

(e) Water contact angle

The contact angle of water onMMT/PM Sfilmas
afunction of PMSloadingispresentedinFigure9. The
contact anglein pureMMT filmis22°, which is similar
to the va ue measured by J. Shangi??. Asthe content of
PM Sincreases, the contact angle hasabroadly rise,
which showsthat theMMT/PM Sfilm aremore hydro-
phobicthanpristineMMT film. Thewettability change
of theclay filmisdueto theadsorption of PMS. When
methylsiliconate anionsadsorb on the edgesites of the
MMT, the outward methyl groupsthat are exposed to
the sol ution produce ahydrophobic region surrounding
thecolloidd particle, thus preventing water from per-
meating into theinterlayer. Moreover, at the PM S con-
tent of 1 wt%, the contact angle jumpsto avery high
vaueand dropswith theincreasing content. Thiscould
be explained by the changeof MMT particles disper-
son. Asmentioned above, if thePM S concentrationis
at acertainlow vaue, theparticlesinPMSsolution are
even moredispersed dueto theincrease of zetapoten-
tid. Theroughnessof theMMT/PM Sfilm madefrom
well-dispersed particlesisrelatively lower than from
floccul ated ones. Thelower the roughness, the more
hydrophobictheMMT filmis. BecausetheMMT/PMS
particleswith low PM Sloading of 1wt% arewell dis-
persed, asaconsequence, the produced filmisfar more
hydrophaobic than that made from floccul ated particles,
reflected by thejumping of the contact angle.

(f) Summary of inhibition mechanism
Accordingtotheaforementioned andyss, theglo-

ba inhibition mechanism of PM Sisavailable, shownin
Figure10. Thegtronginhibitiveeffect of PMSonMMT
hydrated swelling can be ascribed to the synergy of the
K* and the methylsiliconate anions. Theadsorption of
methylsiliconate anionsat theedge sitespreparesahy-
drophobicregion surroundingthe MMT particles, thus
inhibiting theingressof water intotheinterlayer largdly,
which explainswhy theswellingrateof MMT inPMS
solutionisextremely low. With respect to K*, the pri-
mary roleisto lead to theformation of low hydratable
gructureof MMT through theweI-knownion-exchange
interaction withinterlayer cations. Duetothe contain-
ingof Na' rather than K*, theinhibition of SMSismuch
weaker than that of PM S, therefore, SM S can only be
applied asviscosity reducer additive but PM Shasthe
potential to be ahigh-performance shaeinhibitor in
water-based drillingfluids.
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Figure9: Water contact angleon MM T/PM Sfilmswith dif-
ferent PM Sloadings
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hydrophobicregion

Figure10: Schematic diagram of inhibition mechanism of
PMS
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CONCLUSIONS

Unlikesodium methyisliconatethat treditiondly used
asviscosty reducer additive, potass um methylsiliconate
exhibitsstronginhibitionon MMT hydrated swelling
and hasthe potential to be applied as a high-perfor-
manceshaeinhibitor inwater-based drillingfluids. Ac-
cording tothemechanismanaysis, theoutstandingin-
hibition effect of potassum methylsiliconateon MM T
swdlingisduetothesynergy of K* and methyisiliconate
anions. Through chemical adsorption ontheedgesites
rather than intercalation into the interlayer,
methylsiliconate anionsformahydrophobic region sur-
roundingtheMMT particle, thusinhibiting theingress
of water into the interlayer to alarge degree. In the
caseof K*, duetoitslow hydration energy, theprimary
roleistolead to theformation of alesshydratablestruc-
tureof MMT through cation-exchangeinteraction. The
synergistic effect of K* and themethylsiliconate anions
explainswhy theinhibition performance of potassium
methylsiliconate is much higher than sodium
methylsiliconate.
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