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IThe formation ctaracteristics (phase behaviours) and physicochemical properties (conductance and

ViS~IOSity)of n--heptanejAOTjwater microemulsion have been studied in the presence of a number of
ad itives (water soluble polymers) viz. carboxymethylcellulose, starch, polyethylene glycol, gelatine and

pol acrylamide. It has been found that a significant monophasic microemulsion (Winsor type IV) can be
rea ised in the presence of all the polymers except for carboxymethylcellulose. The microdispersions are
sta Ie, conducting and viscous. The normal mode of percolation of conductance with a threshold

te~erature of 40°.Chas been observed in all the cases except for] 0% polyethylene glycol 6000 showing a

low ring of the percolation threshold. The dispersions are essentially non-Newtonian in their flow
beh viours. The shear viscosities have been found to depend on the type of polymer. The preparations

havt exhibited shear rate dependent thinning and thickening properties.

Microe ulsions are single-phase isotropic thermo­
dynamic lly stable, low viscous dispersions of oil/
water or ater/oil stabilised by a suitable surfactant
or 'surfa ant-cosurfactant mixture!·2. As these liq­
uid phas s occur over a specific part of the ternary
phase di· ram, such phase diagrams are a pre-requi­
site for t e study ofmicroemulsions3-5. Moreover,
the prop ties of such fluid mixtures depend on many
factors6, uch as temperature, pressure and the nat­
ure of th components including additives. Though
the effect of pressure has been found to be weak6,
temperat re has a significant say7 - 9 on the phase and
other phy ico-chemical behaviours. Besides, the pre­
sence of a ditives may impart special characteristics
to this k' d of compartmentalised liquids8,1O-12.
Such stud es are, therefore, of considerable importa­
nce. The tudy of microemulsion formation and its
propertie in the presence of polymers are important
at least fo the purpos~ of enhanced oil recovery to
impart ad quate viscosity for convenient flow of the
displaced il in the underground porous rocks. More­
over, poly ercontained microemulsions have uses in
pharmace tical preparation and industrial process-
es. ,

In this ~.aper we have presented the results of the

investigati n on the formation and physical propert­
ies (phase ehaviour, conductance a.nd viscosity) of
ternary sy em of n-heptane/ AOT /water in the prese­
nce of a nu ber of water soluble polymers, viz, poly­

ethylene ~lycol (PEG), carboxymethylcellulose

(CMC), gelatine, starch and polyacrylamide (PAA).
Attempt has been made to rationalise the results in
terms of existing physico-chemical concepts.

Materials and Methods
Aerosol-OT (sodium diethylhexylsulfosuccinate

or AOT) was a 99% pure product of Sigma (USA) of
physical characteristics reported earlier!o. n-Heptane
was purchased from E. Merck, Germany. Starch (am­
ylose) and carboxymethylcellulose (Na salt, mol. wI.
2.08 x 105; CMC) was products of BDH (England).
Gelatine (mol. wI. 450(0) used was obtained from E.
Merck (Germany). Polyethylene glycols (mol. wI.
1000and 6000),PEG 1000and PEG 6000 were purcha­
sed from S.D. Fine Chemicals (India). The polyacryl­
amide (mol. wI. 4100000; PAA) was a gift sample by
courtesy of Dr B.M. Mandai of lACS, Calcutta.

Doubly distilled conducti>lity water of specific con­
ductance 2-4 ~Scm - 1 at 30°C was used for al: prepar­
ations.

Sample preparation and determination of phase
boundary

The boundaries of the single phase microemulsion
regions were determine:d by the titration technique.
Known amounts of n-heptane or water was taken
with AOT in stoppered test tubes and kept in a ther­
mostated water bath at required temperature
(±0.10C).The mixtures were then titrated with either
water or oil from a micro burette under the condition
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of constant agitation upto the point of turbidity. For
the preparations with polymer, aqueous polymer sol­
utions of known strengths were used and the titration
procedure followed as usual. The wt. per ceritconcen­
trations of the different polymers used were starch
(1%), PEG 1000(10%), PEG 6000 (5%), CMC(l %),
gelatine (2%) and PAA (1 %).

Measurement of conductance
The measurement of conductance of microemulsi­

on, samples in the monophase region was performed
with a Jenway (England) conductometer in a cell of
cell constant 0.2 cm -1 in the temperature range of
25-60°C at a maximum of 5QC intervals with a equili­
bration time of20 min at each stage. The weight perc­
ents of AOT, n-heptane and water (or polymer soluti­
ons) were 23.5,53 and 23.5 respectively that correspo­
nded to <l>d (droplet fraction) =0.36 and water/AOT
mole ratio (ro) = 24. The measured conductance were
accurate within ±2%.

Measurement of viscosity
The microemulsion systems obtained were fairly

viscous and Newtonian flow was not observed. The
viscosity was, therefore, measured with a ROTO vis­
cometer of Haake, Germany (Model RV-20) at diffe­
rent shear rates. The studied weight per cent composi-

AOT

tions of n-HP/AOT/aqueous solution were as foll­
ows: set-l (30/40/30), set-2 (70/20/10), set-3
(60/20/20) and set-4 (50/50/30). Tbe measured visco­
sity was f% uncertain to the maximum.

Results and Discussion

Phase diagrams
The ternary phase diagrams are presented in Fig. 1.

Distinct large one phase (1 <1» microemulsion (J.1E)

zones are observed for all the cases except 1% w/w
CMC compared to pure aqueous systems, 5 and 10%
aqueous PEG have yielded lower two phase (2 <1» zon­
es. Aqueous 2% gelatine, 1% starch and 1% PAA
have given area wise comparable 1 <I> and 2 <I> zones
although critically their overall shapes differ. The pe:­
rcent 1 <I> zones relative to the total area are presented
in Table 1.

The results indicate that PEG helps to form greater
proportions of 1<1> zone, whereas 1% CM C drastically
reduces the homogenisation ofwater/n-Hp/AOT to
form a single phase. A gen-eral comparison of the eff­
ects of the polymers may not be meaningful for their
varied mol. wt., type and extent of addition. At 1%
addition level, the CMC is strikingly different than
starch and PAA although their molecular weights
were all on the higher side. The droplet radius estima-

AOT

AOT

Fig. I-Triangular phase diagrams of n-- Hp/ AOT/water (or aq.
polymer) systems at 308 K. [A., 1% CMC (w/v); B, PEG (a, 5%
PEG 6000 w/v; b, 10% PEG 1000 w/v); C, I % polyacrylamide
(w/v); D, without polymer; E, 2% gelatine (w/v); F. 1% starch

(w/v). I <\>, monophasic; 2 <\>, biphasic].
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Fig. 2- Temperature induced percolation behaviour of the
n-Hp/AOT/Water (aq. polymer) microemulsions[composition.
n-Hp/AOT/water as 53/23;5/23.5 % w/w. 1-6, water; 5%
PEG 6000 (w/v); 10% PEG 6000 (w/v); 1% starch (w/v~Scale
II; 1% polyacrylamide (w/v~Scale II; 10% PEG 1000 (w/v) res-

pectively].
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droplet fraction and temperature variation at hxed
mole ratio of[water]/[AOTl.(ref. 13).

Viscosity behaviour
A fairly large region of the ternary phase diagram

towards the higher amphiphile region has been found
to be considerably viscous and obviously non- New­
tonian in behaviour. Four compositions of each
system at aq. polymer/HP/AOT weight ratios, 1
(30/30/40); 2, (10/70/20); 3, (20160/20); and 4,
(30/50/20) have been considered and their shear vis­
cosities are presented in Figs 3 and 4, where Inll (11

expressed in Pascal.s - 1) has been plotted against the
shear mle D (expressed in s -1). For all the systems, the
viscosity has decreased with increased rate of shear
and has shown a minimum. The position of the mini­
mum depends on the type of the system. For aqueous,
5% PEG, 1% PAA and 2% gelatine, the minimum are
all at D = 1000.In the case of I% starch for the compo­
sition 4 it is at D = 1000 and for the compositions 2 and
3, the viscosities are almost equal and the minimum
are at D = 1800. It has been observed that for PEG and
starch contained systems, there is a mild tendency of
increase in viscosity after the minimum. The viscosit­
ies of the systems studied have followed an order in
respect of their compositions. At all shear rates the
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Table l~percent areas of I <l> IlE zones of the studied systems

relative to the total triangular area and the droplet dimensions at
the minimum and maximum addition of oil at ]OR K

System i, % Area Droplet radius nm

ted at ~inimum and maximum addition of oil in all

the syst ms studied on the basis of the procedure ado­
pted by Roy, Bisal and Moulik13 are also presented in
Table I The oil microdroplets are always nearly twice
as high s the water microdroplets. It has been obser­
ved tha with AOT> 70% and the polymers < 10%
the mic oemulsions (J,lES)form gel: at AOT> 80%
and pol mer < 5% the preparations are thick gel with·
the fo ation of foam. Further,S and 10% PEG give
almost i en tical phase diagrams. Aqueous PEG solu­
tions th s show comparable (in true sense to some
extent tter) phase forming behaviour with aqueous
mediu with n-Hp as oil and AOT as surfactant.

Conduct nee behaviour
Single phase J,lEswith ionic amphiphiles normally

exhibit c nductance that depends on the water/AOT
mole rat' (00). Generally, at 00 ~ 20-30, the conducta­
nce ofw' ter-in-oil type J,lEmay rapidly increase eit­
her with crease in water content or increase in temp­
erature a fixed 00, known as percolation of conducta­
ncelO•14 .17. In the percolation state, the dispersed
micro w er particles form infinite cluster and enhan­
ced cond ctance is effected by way of either the hopp­
ing1S- 21 fsurfactant ion from droplet to droplet or
the trans ent fusionto.14.22.23 of droplets and mass
exchang In Fig. 2, conductance temperature profi­
les are ex mplified for water (or aquo-polymer)/A­
OT/n-H composition 23.5/23.5/53 i.e. at (water]/­
(amphip Ie)mole ratio, 00 =24. All the compositions
have pra tically the same conductance behaviour
with a th eshold percolation temperature of 40°C.
The poly ers have not affected the percolation beha­
viour. Bu the nature of the conductance temperature
profile in e presence of 10% PEG 6000 is different in
the range flower temperature. The threshold tempe­
rature ap ears to be lowered.

In this omparison, the aqueous solution of 1%
CMC is di erent since it gives a smaller 1 <l> area in the
phase dia ram and preparation of J,lEat 00 = 24 is not
possible, onductometric percolation has been stud­
ied in the esence and absence of additives at various
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Fig. 4-Viscosity-shear rate profiles of n-Hp/ AOT /water (or aq.
polymer) systems at 308 K. [Compositions, 1-4 same as in Fig. 3.
Ordinate scale, I, 2% gelatine (w/v); II, I % polyacrylamide

(w/v)].

Fig. 3-Viscosity-shear rate profiles of n-Hp/AOT/water (or aq.
polymer) microemulsion systems at 308 K. [Compositions, 1-4,
n-Hp/AOT/water (aq. polymer) as 30/40/30, 70/20/10,60/20/20
and 50/20/30 respectively. Ordinate scale, I, I % starch (wIv); II,

water; III, 5% PEG 6000 (w/v»).
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