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ABSTRACT

The water contact angles on montmorillonite and other minerals were ob-
tained from the water adsorption isotherm data through the evaluation of
the Gibbs adsorption integral for vapour pressures corresponding to mono-
layer coverage and saturation. The values obtained compare favorably with
published data obtained by the sessile drop and plate methods.
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INTRODUCTION

The contact anglesof water on clayscould bemea-
sured by variousmethods. M easurementsusing plates
and pressed discs require the use of foreign binding
materials and the surface is not then that of the pure
solid, notwithstanding other problems such asadvanc-
ing and receding angles, hysteresis, surfaceroughness
and other phenomend*4.

Methodsof measurementsusing liquid penetration
in powder columnsinvolvetheoretical and practical
problemswell described in many publications (59, and
referencestherein). It isacommon experimental ob-
servationl®” that capillary riseand filteration methods
(Washburn) using organicliquids asreferenceliquids
produce large contact angle va uesfor water on pow-
der solidswhich contrastswith thelow val uesobtained
by direct methods (Wilhelmy) using flatsand rods of
thesolids. Thereason for such behaviour isdueto that
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the organic/solid surfaceinteractions may not be de-
scribed by the Young equation®?, To give an example
from published values™ for the quartz/cyclohexanesys-
tem: 6 for cyclohexane on quartz = O, the calcul ated
water contact angle on quartz using cyclohexaneasa
referenceliquid, © = 37° while a zero contact angle was
obtained using flatsand rods. With octane as arefer-
ence, thewater contact angle on quartz was 54.2°, and
40.7° using ethylglycol®.

Thewater contact anglesdepend aso onthepurity
of thesampl es, the surface presence of amorphous ma-
terial9'% and on chemical, heating and other pretreat-
ments and contamination by adsorption from labora-
tory air of substancesthat could increasethevauesof
theangle. For exampleon quartz a20-80° increase in
thevalueswere observed™.

The contact angles are usually measured with the
help of goniometer td emicrascopeequipment for sessile
drops on pressed discstreated or untreated with or-
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ganicliquids®. Theanglesof water on solidsareal so
sometimesmeasured under organicliquids, thesocdled
two liquid method. Under such condition thedegree of
solubility of theorganicliquidinwater aeffectsthevaues
obtained and areusualy much higher than those deter-
mined in absenceof theorganicliquid®*2,

Thewater contact angles on powder samplescould
also be obtai ned from the water adsorption isotherm
data. Inthefollowingwedescribe the method for such
determination for amontmorillonite sampleand report
thevauesof contact angles of water on various miner-
as as calculated from data of water adsorption iso-
thermspublished by variousauthors.

BACKGROUND

To describe the method for the determination of
contact anglesfor powder samplesfrom water adsorp-
tionisotherm datait isessential to describethebasic
mechani sm of adsorption of water vapour on solid sur-
faces. When water vapour isalowed to cometo equi-
librium with asolid surface the amount adsorbed de-
pendson the vapour pressure. Asthevapour pressure
increasesthe adsorbed amount increasesforming at a
certain pressureamonolayer of water molecules, usu-
aly atap/p, near 0.2. Further increasein the equilib-
rium vapour pressure leads to the adsorption of
multilayersamounts of water moleculesforming thick
films. For exampledatafor anatasd®®, quartz**'4, ili-
cad® and clayd*>'¢ indi catethe presence of 4to more
than 9 monomol ecular layers of water onthe solid sur-
faceswhentheequilibrium pressure of water vapour is
that for purewater (p/p, = 1).

Thesurfaceenergy changesinwater adsorptionon
asolid surface are described by the Gibbs adsorption
equation, which readswhen theupper limit of theinte-
gral isthe vapour pressure corresponding to amono-
layer coverage™™:

p/po (Monolayer)

'ys—‘{'SV=RTJ Cdinp=1I, (@]

p/po=0
whentheupper limit of theintegral isp/p, = 1theinte-
gdis

p/pgo=1
p/pg =0

| =RT rCdinp, 2

wherey, isthe surface energy of thesolid, y' isthe
solid vapour interfacid energy a themonolayer, Iisthe
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adsorption dendity and /7isthesurface pressure.
Thevaueof theintegrd whentheupper limitisp/p,=1,
isasfollows?. It wassuggested™ that theupper limit of
theintegra bereplaced by x= oc whichisthedistance of
thesurfaceof theliquidfilmfrom the solid surfacea x=
0. I'thenisequal tox/V, where V istheliquid molar
volume. For suchafilmof infinitethickness, thevalue of
theintegral in (2) isthought to beequal toy,—vg —7,
(418 and referencestherein). It iscorrect that thetotal
surfaceenergy of theinfinitely thick filmisequd toy, +
v, 178, but theinitial total surfaceenergy isequal toy+
y,_ and not y, only, since a water surface is needed
(present) to supply thevapour to the solid surface. The
net changein surfaceenergy would thereforebeequd to
Ys—7Yg andnoty,—yy —v,. Thisresultissubstantiated
by thefact that the above described thermodynamicsare
smilartothat of immersongivenad™?:

AE=E,—Eg =y,—74 + A(TS),

where AE isthe energy of immersion and Sistheen-

tropy.
Thedifference between eg. (2) and (1) istheintegrd

y——ClL ®
whichfrom aboveisequal to
Os=¥s) —Ws=7's) = W s, —s) 4
Following the Young equation wewrite
Yo, =Yg =7, COSO. (5)

Hencethecontact angle could becd culated through
theuseof isotherm data.

MATERIALSAND METHODS

Materials

Themontmorillonitesd ected for thestudy wasfrom
Cerro Bandera, Argentina, having acation exchange
capacity of 0.92 meg/g and aglycerol specific surface
areaof 808 m?/gi?%; particleslessthan 2 umwere satu-
rated with Caby repeated washingswith 0.5 M chlo-
ride salt solutionsfollowed by washing of excesssalt
withthehelp of acentrifuge.

Water adsor ption isotherm

Samplesof 5.0 gof montmorillonitewereair dried
(0.5% humidity) were placed in Pyrex glassweighing
bottles (diameter =50 mm, height = 30 mm) and were
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placed in vacuum desi ccators with agueous concen-
trations of H,SO, of different p/p, values (0.058 —
1.00) and maintained at 28°C. When equilibrium ad-
sorption wasreached (constant weight) the quantities
of water adsorbed per g of montmorillonite were de-
termined by weighing. Thevapour adsorptionisotherm
isshowninFigurel.

400
300 }
[=)]
T3‘200 .
=
100 |
0 1 1 1 [l ']
00 02 04 06 08 10
ppo

Figurel: Water vapor adsor ption (X, mg/g) on montmorillonite
asa function of p/p, of the aqueous solution of H,SO, (p, =
23.756 Torr). Theerror barsare 95% confidenceinterval
from aver aging, and thelineisthe correspondingfit.
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Figure?2: Linear Langmuir plot of water adsor ption onto
montmorillonite.

Calculations

Theamount of water adsorbed, by montmorillonite,
at monolayer coverage was obtained from the linear
plot of the Langmuir equation (Figure 2). The vapour
pressure (p/p,) corresponding to this adsorbed amount
isthen read from the adsorption isotherm (Figure 1).
For theother minerasfoundin TABLE 1, thedatawere
obtained from the published papers of the various
authors. To obtain the values of thetwo Gibbsintegras

(1) and (2), theamounts of water adsorbed (mmol/qg)
wereplotted against In p (the naturd log of the vapour
pressure) and the plotswereintegrated graphically. The
dataobtained aregivenin TABLE 1.

TABLE 1: Gibbsintegral values, water/solid contact angles
calculated from eg. (5) and published values.

Integral value

Contact angle ()

Material Monolayer Saturation Calculated Literature
mN/m Degrees
[11] [4]
Quartz 51.31%0 120291 19.3 g 4[21,],2%81[25]'
58.7% 127.81*4
Anatase 12003 180™3 345 35121
Talc 842" 140%8 39.7 60!+
Kaolin 2419 652 55.7 17.41%4
Montmorillonite  74.68[*] 132.3[*] 37.7 21.8%
604 1214 33

Sepiolite 119.28% 142,450 71.30% 69.61%
[*] Thiswork.

RESULTSAND DISCUSSION

Thewater contact angles, on montmorillonite, Ka
olinite, quartz, anatase and tal ¢ cal culated from pub-
lished isotherms of various authors, and on Cerro
Banderamontmorillonitefromitsadsorption isotherm
datainFigurelusingeqg. (3) and (5) aregivenin TABLE
1 aswell as published contact angles determined in
absence of organicliquids. Also aregiveninthetable
thevaluesof the Gibbsintegralsineqg. (1) and (2).

Thoughasinglevaueto represent the contact angle
of water on montmorilloniteor on other mineral isnot
expected to obtain, becauseof themany factorsthat could
affect the contact angle value. As mentioned above,
sampledifferences, pretreatmentsand methods of mea-
surements produceimportant differencesin thevalues.
Thevauesobtaned usngthetwo liquid method and the
pretrestmentsinvolving additionsof organicliquidstothe
compressed discsarevery high. For examplefor mont-
morillonitesvaluesof 98.5° and 105.6° were reported
by and“ respectively. In absence of organicliquidsthe
valueis21.8°, while adsorption isotherm data of other
samplesgivevduesof 33°and 37.7° as given in TABLE
1. Thiseffect of organi c substanceson contact anglesof
water onminerdsiscommon and theva uesobtained
should not be considered representative of water con-
tact angleson minerals. Thisbecomesclear examining
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thedatain TABLE 1. Asmay beagppreciated the ca cu-
lated valuesof the contact anglescomparefavorably with
the experimentally determined values (in absenceof or-
ganicliquids), takinginto cons deration that the experi-
mental contact angles, theadsorptionisothermsand the
Gibbsintegra vauesfor theminerdsarein most cases,
not datafrom the sameauthor or thesame sampleof the
minerd. Thusthemethod gppearsuseful for thedetermi-
nation of water/solid contact anglesand to confirm data
determined by other methods.

Finaly, itisof interest tomentionthat itisno coinci-
dencethat v, ineq. (5) isthat which representsthesolid-
vapour interfacid energy a monolayer coverage. Thisis
reasonabl e since according to the thermodynamics of
surface phases and of the Young equation?-#1 gl the
three phases should be homogeneousand isotropicin-
cludingtheinterfaces. Inthesystemunder consideration,
thevapour and thewater phasesand their interfacesare
isotropic whilethe solid-vapour interfaceisonly isotro-
pic a monol ayer coveragewith water molecules, since
bel ow monolayer coverage part of thesolid surfaceis
bare and above monolayer coverage part of the surface
becomes covered with awater filmi#13,

Sincey, cos0 andy, termsineq. (5) are constant
quantities, 4, should beaso uniqueasthe Young equar
tionisvalidonly for onevaueof v, 1. Alsosince: y -
Yo, = 11, the surface pressure /7in the system under
consideration (eg. (1)) isaso aunique quantity™Y,
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