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ABSTRACT:

This paperdiscussesthe rheological properties of different contents of acommercially available Southern African
clay, Eccabond fine (EBF), modified with hexadecyl trimethyl ammonium bromide, and Cloisite 15A (Ci5A), mod-
ified with dimethyl dehydrogenated tallow quaternary ammonium chloride dispersed in silicone oil. Focused-
ion beam scanning electron microscopy shows that both Ci5A and EBF clays have sheet-like morphologies, but
the sheets are more compact in the case of EBF clay. The rheological behavior of different suspensions was char-
acterized by using a rheometer. The EBF suspensions behaved like Bingham fluids and also exhibited higher
degrees of viscoelasticity than the Ci5A suspensions. The Casson model used to calculate the data of the yield
stresses for the EBF suspensions was found to fit quite well with the flow curve results. The EBF suspensions
obeyed the Schwarzl relation, in which the relaxation modulus (G(t)) illustrated a plateau-like behaviour for EBF
suspensions compared to the Ci5A suspensions.

ZUSAMMENFASSUNG:

Diese Arbeit beschreibt die rheologischen Eigenschaften von Suspensionen aus einem Silikondl und unter-
schiedlichen Gehalten eines kommerziell erhaltlichen Southern African Tons (Eccabond Fine, EBF), das mit Hexa-
decyltrimethylammoniumbromid modifiziert wurde, und eines Cloisite 15A (C15A), das mit dimethyldehydroge-
niertem Talg und einem quaternarem Ammoniumchlorid modifiziert wurde. Die Anwendung der sogenannten
Focused-lon Beam-Rasterelektronmikroskopie zeigt, dass beide Ci5A und EBF-Tone eine plattchenartige Mor-
phologie besitzen, wobei die Plattchen im Falle des EBF-Tons kompakter sind. Das rheologische Verhalten unter-
schiedlicher Suspensionen wurde durch rheologische Messungen charakterisiert. Die EBF-Suspensionen ver-
hielten sich wie ein Bingham-Fluid und wiesen auch eine starkere Viskoelastizitat als die C15A-Suspensionen
auf. Das Casson-Modell wurde angewandt, um die FlieBspannung der EBF-Suspensionen zu bestimmen, und
stand in guter Ubereinstimmung mit den Resultaten aus FlieRkurven-Messungen. Die EBF-Suspensionen folg-
ten der Schwarzl-Beziehung, wobei der zeitabhangige Relaxationsmodul G(t) bei den EBF-Suspensionen ein Pla-
teau aufwies im Vergleich zu den Ci5A-Suspensionen.

RESUME:

Cet article discute les propriétés rhéologiques des dispersions dans de I'huile de silicone, d’argile commerciale
d’Afrique du sud, Eccabond fine (EBF), modifié avec du hexadecyltrimethyl ammonium bromide, et des dispersions
de Cloisite 15A (C15A) modifiée avec un ammonium quaternaire (diméthyle suif dé-hydrogéné). La microscopie
d’électrons a balayage montre que les argiles de Ci5A et d’EBF possédent une morphologie de plaque, mais que les
plaquettes de I'EBF sont plus compactes. Le comportement rhéologique des différentes suspensions a été carac-
térisé a I'aide d’'un rhéométre. Les suspensions d’EBF se comportent comme des fluides de Bingham et présentent
aussi de plus hauts degrés de viscoélasticité que les suspensions de Ci5A. Le modéle de Casson utilisé pour calcu-
ler les valeurs de contrainte seuil pour les suspensions d’EBF s’ajuste assez bien aux courbes d’écoulement. Les sus-
pensions d’EBF suivent une relation de Schwarzl, dans laquelle le module de relaxation G(t) montre un comporte-
ment de type plateau.

KEey worbs: bentonite, silicone oil, organoclay suspensions, rheology

© Appl. Rheol. 23 (2013) 34870 DOI: 10.3933/AppIRheol-23-34870
pxtract of the complete reprint-pdf, available at the Applied Rheology website

http://www.appliedrheology.org
Applied Rheology

Volume 23 - Issue 3



REFERENCES

(1
2]

B3]

[4]
[5]

(6]

[7]

(8]

[o]
[10]

(]

[12]
[13]

4]

[15]

[16]

Macosko C.W.: Rheology of Principles, Measure-
ments and Applications, VCH Publishers (1994).
O’Brien VT, Mackay ME: Shear and elongation
flow properties of kaolin suspensions, J. Rheol. 46
(2002) 557-572.

Lionetto F, Maffezzoli A: Rheological characteri-
zation of concentrated nanoclay dispersionsinan
organic solvent, Appl. Rheol. 19 (2009) 23423.
FossumJO: Flow of clays, Eur. Phys.J. Specials Top-
ics 204 (2012) 41-56.

Gridi-Bennadji F, Lecomte-Nana, Bonnete J-P,
Rossignol S: Rheological properties of montmo-
rillonitic clay suspensions: Effect of firing and
interlayer cations, J. Eur. Ceramic Soc. 32 (2012)
2809-2817.

Xu D, Karger-Kocsis J: Dry rolling and sliding fric-
tionand wear of organophiliclayeredsilicate/hy-
drogenated nitrile rubber nanocomposite, J.
Mater. Sci. 45 (2010) 1293-1298.

Makhatha ME, Sinha Ray S, Hato J, Luyt AS: Ther-
mal and thermomechanical properties of poly
(butylene succinate) nanocomposites, J. Nanosci.
Nanotech. 8 (2008) 1679-1689.

Tung J, Gupta RK, Simon GP, Edward GH, Bhat-
tacharya SN: Rheological and mechanical com-
parative study of in situ polymerized and melt-
blended nylon 6 nanocomposites, Polymer 46
(2005) 10405-10418.

ChoiHJ,Jhon M.S: Electrorheology of polymers and
nanocomposites, Soft Matter 5 (2009) 1562-1567.
Hato MJ, Choi HJ, Sim HH, Park BO, Sinha Ray S:
Magnetic carbonyl iron suspension with organ-
oclay additive and its magnetorheological prop-
erties, Colloids Surf. A: Physicochem. Eng. Aspects
377 (2011) 103-1009.

SohmR, Tadros TF: Viscoelastic properties of sodi-
um montmorillonite (Gelwhite H) Suspensions, J.
Colloid Interf. Sci. 132 (1989) 62-71.

Van Olphen H: An Introduction to clay colloid
chemistry, Wiley, New York (1997).

Mourchid A, Lécolier E, Van Damme H, Levitz P:
On viscoelastic, birefringement, and swelling
properties of laponite clay suspensions: Revisit-
ed phase diagram, Langmuir 14 (1998) 4718—4723.
Mourchid A, Delville A, Lambard J, Lécolier E,
Levitz P: Phase diagram of colloidal dispersions of
anisotropic charged particles: Equilibrium prop-
erties, structure, and rheology of laponite sus-
pensions, Langmuir 11 (1995) 1942—-1950.
Monfredini T, Pellacani GC, Pozzi P, Corradini AB:
Monomericand oligomeric phosphates as defloc-
culantes of concentrated aquoeous clay suspen-
sions, Appl. Clay Sci. 5 (1990) 193—201.

Avery RG,Ramsay JDF: Colloidal properties of syn-
thetic hectorite clay dispersions: II. Light and
small angle neutron scattering. J. Colloid Interf.

Sci. 109 (1986) 448—454.

This is an extract of the complete reprint-pdf, available at the Applied Rheolo

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(32]

[33]

Hackenbroich G, Narimanov E, Stone AD: Quan-
tum perturbation theory for the level splitting in
billiards. Phys. Rev. E 57 (1998) R5—R8.

Bleta R, Jaubert O, Gressier M, Menu M-J: Rheo-
logical behaviour and spectroscopic investiga-
tions of cerium-modified AIO(OH) colloidal sus-
pensions, J. Colloid Interf. Sci. 363 (2011) 557-565.
Yilmaz H, Guler S, Guler C: The rheological and
dilectric properties of kaolinite suspensions in
the presence of alcohols, Phys. Scr. 59 (1999)
77-80.

Jhon MS, Kwon TM, Choi HJ, Karis TE: Microrheo-
logical study of magnetic particle suspensions,
Ind. Eng. Chem. Research 35 (1996) 3027—-3031.
Gherardi B, Tahani A, Levitz P, Bergaya F: Sol/gel
phase diagrams of industrial organo-bentones in
organic media, Appl. Clay Sci. 11 (1996) 163—170.
Zhang LM, Jahns C, Hsiao BS, Chu B: Synchroton
SAXS/WAXD and rheological studies of clay sus-
pensions in silicone fluid, J. Colloid Interf. Sci. 266
(2003) 339-345.

Pal R, Yan Y, Masliyah J: Rheology of clay-in-oil
suspensions with added water droplets, Chem.
Eng. Sci. 47 (1992) 967—970.

King HE Jr., Milner ST, Lin MY, Sinhg JP, Mason TG:
Structure and rheology of organoclay suspen-
sion, Phys. Rev. E 75 (2007) 021403.

Hato MJ, Zhang K, Sinha Ray S, Choi HJ: Rheology
of organoclay suspension, Colloid Polym. Sci. 289
(20m) 1119-1125.

Raghavan SRKhanSA, Shear-induced microstruc-
tural changes in flocculated suspensions of
fumed silica, J. Rheol. 39 (1995) 1311-1325.

Khan SA, Zoeller NJ, Dynamic rheological behav-
ior of flocculated fumed suspension suspensions,
J.Rheol. 37 (1993) 1225-1235.

Kim IG, Song KH, Park BO, Choi BI, Choi HJ: Nano-
sized Fe soft-magnetic particle and its magne-
torheology, Colloid Polym. Sci. 289 (2011) 79-83.
Paineau E, Bihannic |, Baravian C, Philippe A-M,
Davidson P, Levitz P, Funari SS, Rochas C, Michot
L: Aqueous suspensions of natural swelling clay
minerals. 1. Structure and electrostatic interac-
tions, Langmuir 27 (2011) 5562—-5573.

Larson R.G.: The Structure and Rheology of Com-
plex fluids, Oxford University Press, New York
(1999).

Wang X, Gordaninejad F: Study of Magnetorheo-
logical Fluids at High Shear Rates, Rheol. Acta 45
(2006) 899—908.

Ndlovu B, Becker M, Forbes E, Deglon D, Franzidis
J-P: The influence of phillosilicate mineralogy on
the rheology of mineral slurries, Miner. Eng. 24
(20m) 1314-1322.

Zubieta M, Elejabarrieta MJ, Bou-Ali M: A numer-
ical method for determining the shear stress of
magnetorheological fluids using the parallel-
plate system, Rheol. Acta 48 (2009) 89—9s.

http://www.appliedrheology.org

Applied Rheology
Volume 23 - Issue 3

gy website



This is an

(34]

(35]

(36]

(37]

(38]

[39]

Choi HJ, Kwon TM, Jhon MS: Effects of shear rate
and particle concentration on rheological prop-
erties of magnetic particle suspensions, J. Mater.
Sci. 35 (2000) 889—-894.

Gabriel C, Laun HM: Combined slit and plate-
plate magnetorheometry of a magnetorheolog-
ical fluid (MRF) and parameterization using Cas-
son model, Rheol. Acta 48 (2009) 755-768.

Jha S, Jain VK: Rheological characterization of
magnetorheological polishing fluid for MRAFF,
Int. ). Adv. Manufact. Tech. 42 (2009) 656—668.
KwonTM,Jhon MS, Choi HJ: Viscosity of magnetic
particle suspension, J. Mol. Lig. 75 (1998) 115—-126.
Aubry T, Largenton B, Moon M: Rheological study
of fumedsilica suspensionsin chitosan solutions,
Langmuir 15 (1999) 2380—-2388.

Hess S, Schwarzl FL, Baalss D: Anisotropy of the
viscosity of nematic liquid crystals and of orient-
ed ferrofluids via non-equilibrium molecular
dynamics, J. Phys. Condens. Matter 2 (1990)
SA279-SA284.

[40] PrasadR,Pasanovic-ZujoV, GuptaRK, CserF, Bhat-

[41]

[42]

[43]

tacharya SN: Morphology of EVA based nanocom-
posites under shear and extensional flow, Polym.
Eng. Sci. 44 (2004) 1220—1230.

Park BJ, Kim TH, Choi HJ, Lee JH: Emulsion poly-
merized polystyrene/ montmorillonite nano-
composites and its viscoelastic characteristics, J.
Macromol. Sci. Part B: Phys. 46 (2007) 341-354.
Bandyopadhyay J, Sinha Ray S, Bousmina M: Vis-
coelastic properties of clay-containing nanocom-
posites of thermotropic liquid-crystal polymer,
Macromol. Chem. Phys. 210 (2009) 161-171.

Liu YD, Choi HJ, Choi SB: Colloids and Surfaces A:
Physicochemical and Engineering Aspects 403
(2012) 133—138.

[44] Zhang WL, Liu YD, Choi HJ, Kim SG: Electrorheol-

ogy of graphene oxide, ACS Appl. Mater. Inter-
faces 4 (2012) 2267-2272.

pxtract of the complete reprint-pdf, available at the Applied Rheology website

http://www.appliedrheology.org

Applied Rheology
Volume 23 - Issue 3



