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!The formation characteristics (phase behaviours) and physicochemical properties (conductance and
visdosity) of n--heptane/AOT/water microemulsion have been studied in the presence of a number of
additives (water soluble polymers) viz. carboxymethylcellulose, starch, polyethylene glycol, gelatine and
polyacrylamide. It has been found that a significant monophasic microemulsion (Winsor type V) can be
realised in the presence of all the polymers except for carboxymethylcellulose. The microdispersions are
stable, conducting and viscous. The normal mode of percolation of conductance with a threshold
temperature of 40°C has been observed in all the cases except for 10% polyethylene glycol 6000 showing a
lowering of the percolation threshold. The dispersions are essentially non-Newtonian in their flow
behpviours. The shear viscosities have been found to depend on the type of polymer. The preparations
havg exhibited shear rate dependent thinning and thickening properties.

Microemulsions are single-phase isotropic thermo-
dynamically stable, low viscous dispersions of oil/
water or water/oil stabilised by a suitable surfactant
or surfactant-cosurfactant mixture!2. As these lig-
uid phasg¢s occur over a specific part of the ternary
phase didgram, such phase diagrams are a pre-requi-
site for the study of microemulsions®~ 3. Moreover,
the properties of such fluid mixtures depend on many
factors®, such as temperature, pressure and the nat-
ure of thq components including additives. Though
the effect|of pressure has been found to be weak®,
temperatyre has a significant say’ ~ ° on the phase and
other physico-chemical behaviours. Besides, the pre-
sence of aglditives may impart special characteristics
to this kind of compartmentalised liquids®1°712,
Such studjes are, therefore, of considerable importa-
nce. The study of microemulsion formation and its
propertieg in the presence of polymers are important
at least for the purposz of enhanced oil recovery to
impart adequate viscosity for convenient flow of the
displaced ¢il in the underground porous rocks. More-
over, polymercontained microemulsions have uses in
pharmaceptical preparation and industrial process-
es.

In this paper we have presented the results of the
investigatipn on the formation and physical propert-
ies (phase behaviour, conductance and viscosity) of
ternary system of n-heptane/AOT/water in the prese-
nce of a number of water soluble polymers, viz, poly-
ethylene glycol (PEG), carboxymethylcellulose
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(CMQ), 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'®. n-Heptane
was purchased from E. Merck, Germany. Starch (am-
ylose) and carboxymethylcellulose (Na salt, mol. wt.
2.08 x 10%; CMC) was products of BDH (England).
Gelatine (mol. wt. 45000) used was obtained from E.
Merck (Germany). Polyethylene glycols (mol. wt.
1000 and 6000), PEG 1000 and PEG 6000 were purcha-
sed from S.D. Fine Chemicals (India). The polyacryl-
amide (mol. wt. 4100000; PAA) was a gift sample by
courtesy of Dr B.M. Mandal of IACS, Calcutta.

Doubly distilled conductivity water of specific con-
ductance 2-4 pSem ™ ! 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 determined 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
(£ 0.1°C). The mixtures were then titrated with either
water or oil from a ricroburette 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 cent concen-
trations of thc different polymers used were starch
(1%), PEG 1000 (10%), PEG 6000 (5%), CMC (1%),
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 ™! in the temperature range of
25-60°C at a maximum of 5°C intervals with a equili-
bration time of 20 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 ¢4 (droplet fraction) =0.36 and water/AOT
mole ratio (w) = 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-
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tions of n-HP/AOT/aqueous solution were as foll-
ows: set-1 (30/40/30), set-2 (70/20/10), set-3
(60/20/20) and set-4 (50/50/30). The measured visco-
sity was 1% uncertain to the maximum.

Results and Discussion

Phase diagrams

The ternary phase diagrams are presented in Fig. 1.
Distinct large one phase (1 ¢) microemulsion (LE)
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 ¢) zon-
es. Aqueous 2% gelatine, 1% starch and 1% PAA
have given area wise comparable 1 ¢ and 2 ¢ zones
although critically their overall shapes differ. The pe-
rcent 1 ¢ zones relative to the total area are presented
in Table 1.

The results indicate that PEG helps to form greater
proportions of 1¢zone, whereas 1% CMC drastically
reduces the homogenisation of water/n-Hp/AOT to
form a single phase. A general 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

nHp o7 ThCelluose nHp % PEG  nHp » 2% Gelatine
AOT ACT
—a \ -
" I X 1% Polyacryl nHp ) 50 1%, Starch
nHp H20 nHp amide

Fig. 1—TIriangular 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, 1% polyacrylamide

(w/v); D, without polymer; E, 2% gelatine (w/v); F, 1% starch
(w/v). | ¢, monophasic; 2 ¢, biphasic].
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Table Ii—Percent areas of | ¢ uE zones of the studied systems

relativejto the total triangular area and the droplet dimensions at
the| minimum and maximum addition of oil at 308 K

S_ystem':; % Area Droplet radius nm

! o/w w/0
H,O 70 21.3 9.2
1% CMIC 39 225 13.0
1% Stadch 70 28.7 12.3
10% P 1000 82 15.9 1.3
5% PEG 6000 81 243 1.8
2 % Gelatine 69 235 10.5
1% PAzr 75 21.6 9.2

ted at Jminimum and maximum addition of oil in all
the systems studied on the basis of the procedure ado-
pted by|Roy, Bisal and Moulik '3 are also presented in
Table 1} The oil microdroplets are always nearly twice
as high as the water microdroplets. It has been obser-
ved that with AOT > 70% and the polymers <10%
the microemulsions (LES) form gel: at AOT > 80%
and polymer < 5% the preparations are thick gel with.
the formation of foam. Further, 5 and 10% PEG give
almost identical phase diagrams. Aqueous PEG solu-
tions thus show comparable (in true sense to some
extent better) phase forming behaviour with aqueous
medium with #-Hp as oil and AOT as surfactant.

Conductance behaviour

Singlelphase pEs with ionic amphiphiles normally
exhibit cpnductance that depends on the water/AOT
mole ratio (). Generally, at @ = 20-30, the conducta-
nce of water-in-oil type uE may rapidly increase eit-
her with increase in water content or increase in temp-
erature at fixed @, known as percolation of conducta-
ncet® 14717 In the percolation state, the dispersed
micro waler particles form infinite cluster and enhan-
ced conductance is effected by way of either the hopp-
ing!® 72! pfsurfactant ion from droplet to droplet or
the transjent fusion!®1422:23 of droplets and mass
exchange. In Fig. 2, conductance temperature profi-
les are exemplified for water (or aquo-polymer)/A-
OT/n-Hp| composition 23.5/23.5/53 i.e. at [water]/-
[amphiphile] mole ratio, = 24. All the compositions
have pragtically the same conductance behaviour
with a threshold percolation temperature of 40°C.
The polymers have not affected the percolation beha-
viour. But the nature of the conductance temperature
profile in the presence of 10% PEG 6000 is different in
the range ¢f lower temperature. The threshold tempe-
rature appears to be lowered.

In this ¢omparison, the aqueous solution of 1%
CMC is different since it gives a smaller 1 $ area in the
phase diagram and preparation of uE at =24 is not
possible. Conductometric percolation has been stud-
ied in the presence and absence of additives at various
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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 % wjw. 1-6, water; 5%

PEG 6000 (w/v); 10% PEG 6000 (w/v); 1% starch (w/v)}—Scale

11; 1% polyacrylamide (w/v)—Scale II; 10% PEG 1000 (w/v) res-
pectively].

droplet fraction and temperature variation at fixed
mole ratio of [water]/[AOT] (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, (20/60/20); and 4,
(30/50/20) have been considered and their shear vis-
cosities are presented in Figs 3 and 4, where 1nn (n
expressed in Pascal.s ™) has been plotted against the
shear rate D (expressed in s ™). 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 1% 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

[NTEEN SO REUL UL UL



KAR et al: PHYSICOCHEMICAL BEHAVIOURS OF n-HEPTANE/AOT/WATER MICROEMULSION

—esm B!
[*)
-10} 1]
-5.5}k /‘/_—Mg
-9F o - - b
-us} 7 "
_sP.
-3.5} T TTTT—————eo——21]
al
-2.5} rlO" o _
-6k ® -4 -0 2
-1.5F -9} /b—ﬁ_"—_-"\-‘g
i /___n..\-_._’__'
LY
£ -ost |-of 1
-‘—
-7k
——o— o ——o—p
i 1
-6 2]
[]
-2[_ A 3
-5 L3
1
L /—W
o_ [.V-w.N O L. o
| 1 T » dhm
o) 1000 2000 2700

Shear rate(D)

Fig. 3—Viscosity-shear rate profiles of n—Hp/AOT/wa.lt.er (oraq.

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, 1% starch (w/v); 11,
water; ITI, 5% PEG 6000 (w/v)].
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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 asin Fig. 3.

Ordinate scale, I, 2% gelatine (w/v); 11, 1% polyacrylamide
W)l
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viscosity decreased in the order comp. 1 <comp.
4 < comp. 3 < comp. 2. The composition-2
has shown minimum viscosity . This sequence is in
accordance with the percent composition of the oil
but not with the trend of [water]/[AOT] ratio (®).

Further, for all the types, the viscosity of comp. 1 has
been very little affected by shear rate. The order of
the shear rate influenced decrease in viscosity is comp.
2>comp. 3>comp. 4>comp. 1.

Application of shear can cause both thinning and
thickening of a non-Newtonian liquid. In the former
case, the viscosity decreases with the shear rate. In
viscous dispersion, the dispersed particles remain as-
sociated with the solvent. Application of shear may
desolvate them, the solvent gets detached and this
causes thinning. Break down of chain type structure
or orientation of match stick like particles in the direct-
ion of shear may also cause viscosity decrease with
shear. Such systems are called pseudoplastic?4. The
system herein studied are to a certain extent pseudo-
plastic, wherever there has been increase of viscosity
after the minimum the system has acquired the prope-
rty of dilatancy?#. At higher shear rates the particles
either have aggregated or formed network structure
to yield increased viscosity.

The investigation leads to the following conclusi-
ons: Significant microemulsification of water and
n-heptane with AOT forming Winsor type IV stable
dispersions can be obtained in the presence of various
water soluble polymers; the dispersions of w/o type
nEs show normal conductance behaviours including
percolation; and the oil rich preparations are non-
Newtonian in viscous behaviour, the viscosity dep-
ends significantly on the rate of shear.

Acknowledgement

PK thanks, Jadavpur University for giving him la-
boratory facilities and the DSA, Department of Che-
mistry for partial financial assistance towards purch-
ase of chemicals.

References

1 Oakenfull D, J chem Soc Faraday Trans-1, 76 (1980) 1875.

2 Danielsson I & Lindman B, Colloid Surf, 3 (1981) 391.

3 Sjoblom J, Stenius P & Danielsson I, in Nonionic surfactant
physical chemistry, edited by M J Schick (Dekker, New York),
1987.

4 Overbeck J T G, De Bruyn P L & Verhoeck F, in Surfactants,
edited by Th F Tadros (Academic Press, London), 1984.

5 Ahmed S1, Shinoda K & Friberg S, J colloid interface Sci, 47
(1974) 32.

6 Kahlweit M, Strey R, Haase D, Kunieda H, Schmeling T,
Faulhaber B, Borkovec M, Eicke H F, Busse G, Eggers F,
Funck Th, Richmann R, Magid L, Soderman O, Stilbs P, Win-
kler J, Dittrich A & John W, J colloid interface Sci, 118 (1987)
436.



704

7 Johr Cherian A & Rakshit A K. J coloid interface Sci, 156
(1993) 203.
8 DasM L, Bhattacharya P K & Moulik S P, Colloid Surfaces, 49
(1990) 249.
9 PaulBK & Moulik S P, Indian J Biochem Biophys, 28 ( 1991)
174.
10 Mukhopadhyay L, Bhattacharya P K & Moulik S P, Colloid
Surfdces, 50 (1990) 295.
11 Paul §, Das M L & Moulik S P, J colloid interface Sci, 161 (1993)
101.
12 Das M L, Bhattacharya P K.& Moulik S P, Langmuir, 7 (1991)
636.
13 Roy §, Bisal S R-& Moulik S P, J chem Soc Faraday Trans,
89(17) (1993) 3278.
14 Dutwiewicz E & Robinson B H, Jelectroanal Chem, 251 (1988)
1.
I5 Matheéw C, Patanjali P K, Nabi A & Maitra A N, Colloid
Surfages, 30 (1988) 253.

INDIAN J CHEM. SEC. A, SEPTEMBER 1995

16 Jada A, Lang J & Zana R, J phys Chem, 93 (1989) 10.

17 Mitra Nita, Mukhopadhyay L, Bhattacharya PK & Moulik S
P, Indian J Biochem Biophys, 31 (1994) 115.

18 Borkovec M, Eicke H F, Hammerich H & Dasgupta B, J phys
Chem, 92 (1983) 206.

19 HuangJ S, Safran S A, Kim M W, GrestG S, Kotlarchyk M &
Quuirke N. Phys Rev Lett, 53 (1984) 593.

20 Hilfiker R, Fiche HF, Geiger S& Furler G, J colloid interface
sci, 105 (1985) 378.

21 Bhattacharya S, Stokes J P,KimnMW & HuangJ S, Phys Rev
Lett, 55 (1985) 84.

22 Fletcher PD I & Robinson B H, Ber Bunsenger Phys Chem, 85
(1981) 863.

23 Dutkiewiez & Robinson B H, Jelectroanal Chem, 251 (1988)
1.

24 Manual of Roto Viscometer of HAAKE, Germany (Model
RV-20), pp 5-8.





