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ABSTRACT: During extraction of crude oil, water is generally present in the oil. This water-in-oil (w/0) mixture undergoes turbulent
flow that promotes sheer forces, resulting in the appearance of emulsions. These emulsions can be highly stable due to the presence
of compounds with polar characteristics such as asphaltenes, which act as natural emulsifiers and form resistant films at the oil-water
interface. Nonionic surfactants based on polyoxides are widely used to prevent the formation or to break down w/o emulsions. To
shed more light on the destabilization mechanism of w/o emulsions promoted by these surfactants, in this study the techniques of
tensiometry and Fourier transform infrared spectroscopy with attenuated total reflectance (FTIR-ATR) were applied to study the
interface formed by poly(ethylene oxide)-poly(propylene oxide) (PEO-PPO) block copolymers and asphaltenic petroleum fractions.
Initially, the critical micelle concentration of the copolymers in aqueous solution was determined. The results agreed with those found
by tensiometry. The bottle test was used to evaluate the break-down of the w/o emulsions in the presence of the PEO-PPO block
copolymers, and the results presented good agreement with those obtained by tensiometry and FTIR-ATR. © 2012 Wiley Periodicals, Inc.
J. Appl. Polym. Sci. 000: 000-000, 2012
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INTRODUCTION tenes contain a greater quantity of heteroatoms and metals.
This fraction is insoluble in aliphatic solvents with low molar

During the extraction of crude oil, the mixture of water and oil ) . 4
masses and soluble in aromatic solvents.

is subjected to turbulent flow, promoting the dispersion of the
water in the form of small droplets and resulting in the forma-
tion of emulsions. The emulsification of water in oil occurs due
to the immiscibility of the two liquid phases, the sheer forces

imposed during flow, and the existence of natural emulsifiers , . .
. . . Asphaltenes’ structure contains a large quantity of polar func-
present in the oil. Substances such as asphaltenes and resins,

. . . . tional groups, with low affinity for the organic phase. Because
with polar characteristics, form resistant films at the oil-water hev d . 1l with th di & hal
nterface. - they do not interact well with the surrounding medium, asphal-
in .

tene molecules associate with each other and form aggregates.

In a petroleum fractionating column, the asphaltenes are not
distilled and remain solid together with the resins, generating
the petroleum fraction called asphaltic residue.*>

Resins correspond to the oil fraction composed of polar mole-
cules, which often contain polycondensates with aromatic rings
linked to aliphatic chains of varied sizes. Their structure contains
heteroatoms such as nitrogen, oxygen, and sulfur and metals
such as nickel, vanadium, and iron. Resins are insoluble in ethyl
acetate and soluble in aliphatic hydrocarbons with low molar
mass and in aromatic solvents such as benzene and toluene.

Asphaltenes have a structure similar to resins, but they also
have higher molar mass and aromaticity. Besides this, asphal-
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This association occurs due to the interactions of the m electron
clouds of the aromatic rings of the asphaltenes and the acid—
base interactions between functional groups, with transfer of
loads and hydrogen bonds between the functional groups.”®

Rheological studies indicate that in water-in-oil (w/o) emul-
sions, the interfacial film is highly viscoelastic and is formed by
a three-dimensional network of asphaltene molecules that inter-
act through intermolecular forces, forming aggregates or
micelles at the water—oil interface.”®
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Midttun et al.” evaluated the stability of model emulsions in the
presence of mixtures of asphaltenes and resins. They observed
that for short periods, the stability of the systems was between
that of systems composed exclusively of asphaltenes and of
those composed only of resins. But for longer periods, the sta-
bility increased, associated with the interaction between the
asphaltenes and resins at the interface. In some cases, these
emulsions were more stable than those composed of higher
asphaltene concentrations but without the presence of resins.

McLean and Kilpatrick'® also analyzed the influence of the sol-
vency of asphaltenes on the stabilization of emulsions. They
noted that asphaltenes act to stabilize w/o emulsions when they
are at or near the precipitation point. The results showed a
reduction in the stabilization of the emulsions tested when the
solvency degree of the asphaltenes was altered from the aggregate
state to the molecular state. Asphaltene aggregates are adsorbed
at the water—oil interface by the hydrogen bonds or other interac-
tions between the water and polar portions of the aggregates.

Among the methods developed to destabilize w/o emulsions,
the use of chemical additives (demulsifiers) is very common. In
general, they are amphiphilic substances that have strong inter-
facial activity. It has been proposed that these additives are ca-
pable of migrating to the w/o interface, where they displace the
emulsion’s natural stabilizing agents. Therefore, demulsifiers
break or weaken the rigid film that acts as a barrier, facilitating
the coalescence of the water droplets in the dispersed phase.'!

Demulsifiers are products composed of one or more active
ingredients and solvents. They reduce the viscosity and facilitate
the handling and dosing of emulsions. Normally, the active
components are nonionic polymeric surfactants such as poly(-
ethylene oxide)-poly(propylene oxide) (PEO-PPO) block
copolymers. The PEO portion of these compounds’ structure is
hydrophilic and tends to interact with water, while the PPO
portion is lipophilic and tends to interact with the oil phase.
The formulations can also contain other compounds, such as
esters, polyester amines, and phenols. Each of these components
has a different action, so that demulsifiers have different proper-
ties depending on their composition."

Understanding the mechanisms for demulsification of w/o
emulsions is difficult. Therefore, studies aiming to elucidate the
demulsification mechanism are important for application to de-
velopment new technologies.

To shed more light on the destabilization of w/o emulsions pro-
moted by PEO-PPO block copolymers, this work applied tensi-
ometry and Fourier transform infrared spectrometry with atte-
nuated total reflectance (FTIR-ATR) to study the interface
formed by these copolymers and the asphaltenic fractions of
crude oil.

EXPERIMENTAL

Materials

The asphaltenes used in this study were extracted from a crude
oil sample from the Campos Basin, donated by the Petrobras
Research Center (CENPES). The characterization of this sample
was shown in an earlier article'® water content = 0.05 wt %;
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density = 21.2 gravity of American Petroleum Institute (API);
and concentrations of saturates, aromatics, and asphaltenes =
40.7, 34.1, 22.9, and 2.4 wt %, respectively.

The PEO-PPO block copolymers used in this study as demulsi-
fier additives were of the branched (B) and linear (L; and L,)
monofunctional types, donated by Dow Quimica, Brazil. The
characterization of these samples was also shown in previous
works,''* in which it was shown that the branched copolymer
has an average molar mass of 11,600 Da and an EO/PO ratio of
0.19, while the linear copolymers have average molar masses of
3000 and 3600 Da and EO/PO ratios of 0.51 and 0.84, respec-
tively, for samples L; and L,.

The solvent n-heptane (P.A. purity, 99.5%) was used as received,
and toluene was distilled and dried in alumina. Both solvents
were obtained commercially from Vetec Quimica Fina, Brazil.

Methods

Extraction of the C7 Asphaltenes. Approximately 20 g of
crude oil was placed in contact with 1 L of the asphaltene floc-
culant solvent (n-heptane) for 24 h under stirring and then fil-
tered twice through filter paper at room temperature (25°C).
This produced a solution of resins in paraffinic solvent, which
was saved, and asphaltenes, denominated C7 for having been
extracted with n-heptane as the solvent, as precipitates in the
filter paper.

The asphaltenes that remained precipitated in the filter paper
were placed in a cartridge and dissolved with the aromatic sol-
vent dry toluene, in a proportion of 1 : 35 (g of oil/mL of sol-
vent) in a balloon flask. Then, the solution was processed in a
Soxhlet extractor until the solvent appeared clear. The dissolved
asphaltenes were recovered after evaporation of the toluene in a
Gerhardt Soxtherm rotary evaporator at a temperature of 80°C.

The concentrated solution of asphaltenes obtained from the
Soxtherm evaporator was placed in a Pyrex beaker inside a
hood for ~ 3 days to evaporate the residual solvent. The asphal-
tenes were then placed in closed flasks covered with aluminum
foil to prevent their oxidation by the action of light.

Preparation of the Model Emulsions. The model emulsions,
containing the dispersion of the C7 asphaltenes at 025% v/v in
toluene, were prepared so as to contain 30.0% synthetic salt
water. This water was formulated with a concentration of
55,000 ppm of salts (NaCl : CaCl, ratio of 10 : 1). The proce-
dure to prepare the emulsions is described below.

e 70.0 mL of the asphaltene dispersion was placed in a 250-
mL beaker.
® Then, the fluid was subjected to shear in a Polytron PT
3100 homogenizer at 8000 rpm with slow addition of 30.0
mL of salt water. After all the salt water was added, the sys-
tem was left under stirring for 3 min at room temperature.
Preparation of the Solutions of 40% v/v Surfactants in Dry
Toluene. A volume of 50 mL of a 40% v/v surfactant solution
in dry toluene was prepared for each of the three demulsifiers.
The solution was left to stabilize for a period of 24 h.

Measurement of Gravitational Water—Oil Separation by the
Bottle Test. The gravitational separation of water from oil in
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the model emulsions was measured by the bottle test. The tests
were initially performed to evaluate the emulsions’ stability
without addition of the demulsifier (blank test), after which
their stability was evaluated after addition of 100 ppm of each
demulsifier evaluated.

For this purpose, 100.0 mL of each model emulsion was placed
in graduated test tube suitable for the bottle test and swirled
vigorously by hand for 1 min. Then, each tube was placed in a
water bath at 25°C, and the water separation was read at inter-
vals of 5, 10, 15, 20, 25, 35, 45, 55, and 65 min.

Next, the same procedure was performed after the addition of
25 uL of each demulsifier solution before the vigorous swirling
at the start of the test.

The phase-separation efficiency was calculated by eq. (1):
EFA() = (VAS/VAT) x 100 (1)

where EF, is the gravitational water—oil separation efficiency, in
% by volume, V,s the volume of water separated during the test,
in mL, and Vjr the total volume of water in the tube, in mL.

Determination of the Water—Oil Interfacial Tension
Values. The water—oil interfacial tension tests were performed
in a Kriss K10T digital tensiometer, which works on the Du
Noiiy ring method, at a temperature of 25°C. Each test was per-
formed in duplicate or triplicate, initially to evaluate the interfa-
cial tension between the salt water and dispersion of asphaltenes
alone, and subsequently the tension between the salt water and
the asphaltene dispersions containing 100 ppm of each
demulsifier.

Distilled and deionized water was used as a reference before
each test to verify that all the instruments used in the test were
clean, so as not to influence the results. All the tests involved
addition of 12 mL of the denser phase (salt water) and 12 mL
of the lighter phase (dispersion of asphaltenes), after which the
system was left to stabilize for 30 min. Then, the same
procedure was followed for each demulsifier solution, this time
adding 6 uL of that solution (40% v/v) to the 12 mL of the
asphaltene dispersion before its addition to the salt water.

Determination of the Refraction Index of the Aqueous Surfac-
tant Solutions. The refraction index of a medium (#,,) is the
ratio between the speed of electromagnetic radiation in a vac-
uum (¢p) and the speed of the same radiation in the medium
(¢m)> according to eq. (2).10

Ny = o/ (2)

The refraction index was obtained in a Baush & Lomb refrac-
tometer, which calculates the deviation of a light ray as it passes
from one medium to another with different density. By Snell’s
Law, the relative refraction index of the second medium in rela-
tion to the first is given by eq. (3),'> where i is the angle of
incidence measured from the normal and r is the angle of
refraction in relation to the normal.

1, = sin(i) /sin(r) (3)
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To obtain the refraction index measurements, a circulating bath
was coupled to the refractometer to maintain the temperature
at 25°C. The branched (B) PEO-PPO block copolymer solutions
were prepared in distilled water at concentrations of 0.00001,
0.003, 0.01, 0.03, 0.05, 0.10, 0.30, 0.50, 0.70, 0.90, and 1.00% v/
v, by means of successive dilutions.

FTIR-ATR Analyses. The aqueous copolymer solutions and sol-
utions of asphaltenes in toluene were analyzed by FTIR using
an ATR accessory.

Two crystals were used in this accessory: polycrystalline zinc sel-
enide (ZnSe) and germanium (Ge).

The operating conditions of the FTIR-ATR apparatus were 2
cm ! resolution and 100 scans.

Initially, aqueous solutions of each copolymer (B, L;, and L,)
were prepared at concentrations of 2, 1, 0.9, 0.7, 0.5, 0.3, 0.1,
0.05, 0.03, 0.01, 0.003, 0.001, 0.0003, and 0.0001% v/v by means
of serial dilutions, to ascertain whether the technique was able
to discern the start of micelle formation.

To determine the proper wavelength to evaluate the behavior of
the surfactants in solution with toluene and in the asphaltene
dispersions, solutions were prepared of the three block copoly-
mers (B, L;, and L,) at concentrations of 2,0, 1,0, 0.5, 0.1, 0.01,
and 0.001% v/v by means of serial dilutions.

To analyze the spectra generated by the solutions of asphaltenes
in toluene and later to perform the mixtures with the copoly-
mers, asphaltene solutions were prepared at concentrations of
0.5, 0.25, and 0.05% v/v by means of serial dilutions.

Finally, to assess the influence of the variation of the copolymer
concentration on the crystal/asphaltene dispersion interface,
concentrations of these asphaltenes were prepared of 0.05, 0.1,
and 0.25% v/v with copolymer concentrations of 1.0, 0.5, 0.1,
0.07, 0.05, 0.01, 0.001, and 0.0001% v/v.

RESULTS AND DISCUSSION

Water-Oil Gravitational Separation Tests

The water—oil gravitational separation measurements were per-
formed by the bottle test, with the w/o model emulsions, where
the aqueous phase was composed of salt water and the oil phase
by the asphaltenes dispersed in toluene.

The asphaltene concentration in the oil phase was 0.25% v/v,
the lowest concentration in the earlier tests that allowed obtain-
ing sufficiently stable emulsions. All the tests were run in tripli-
cate, with and without the presence of demulsifying additives
based on linear and branched PEO-PPO block copolymers
(Table II), at a concentration of 100 ppm.

The efficiency of each formulation used in these tests was calcu-
lated by eq. (1).

The water separation efficiency results of the tests performed
with the emulsions prepared without adding any demulsifier
(blank tests) are shown in Figure 1. It can be seen that at the
end of the test, the water separation was 18% v/v, allowing the
use of this emulsion for study of the behavior in the presence
of the additives.
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Figure 1. Gravitational separation of water from the model emulsion vs.
time in minutes.

Of the three surfactants used, the branched copolymer broke
down the emulsion the fastest: after 5 min the water separation
was 78% v/v. Copolymer L, was slowest, only separating 60% v/
v of the water after 5 min, while the speed of copolymer L, was
intermediate between the other two surfactants.

Despite the differences in speed, the efficiency of the phase sep-
aration at the end of the test was virtually the same for all three
surfactants studied: about 91.7% of the salt water was separated
from the model emulsions.

1314 where it was

These surfactants were used in earlier studies,
observed that the branched copolymer breaks down the emul-
sion faster and is also more efficient in breaking down synthetic
w/o emulsions. This behavior is associated with its branched
structure, where the EO and PO groups are more widely distrib-
uted in their molecular chains, thus facilitating the copolymer’s

dispersion between the phases of the w/o emulsion.

Water-Oil Interfacial Tension Tests

The interfacial tension between the oil phase (without asphal-
tenes) and salt water phase was measured (blank tests) and
compared with the values obtained between the salt water and
this oil phase containing 100 ppm of surfactant (6 uL of the
40% v/v surfactant solution in dry toluene). This procedure was
performed in triplicate for each surfactant studied. The results
are presented in Table L.

It can be seen that the interfacial tension between the salt water

and toluene (emulsion without surfactant) was 30.5 mNm™},
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which declined to 14.8, 12.1, and 11.1 mNm™ ' with the addi-
tion of the surfactants B, L;, and L,, respectively. These surfac-
tants work by migration of their molecules to the interface,
where they reduce the tension. The linear surfactants (L, and
L,) were slightly more efficient in reducing the interfacial ten-
sion, probably due to their linear structures, which might favor
the packing of their molecules at the interface.

As expected, analysis of the salt water/oil phase emulsion (solu-
tion of 0.25% asphaltenes in toluene) without the addition of
any surfactant showed the surfactant character of asphaltenes,
which were able to reduce the interfacial tension of the salt
water/toluene system.

We believe that the demulsification process occurs by removing
asphaltenes from the interface, with their place being taken by
the added surfactant. This surfactant forms a less rigid interfa-
cial film and thus facilitates the coalescence of the water
droplets.

In the case of the systems analyzed, the interfacial tension
results indicate the interface is basically composed of surfactant
molecules, with some asphaltene molecules as well, as the inter-
facial tension values after the surfactant’s addition were slightly
higher than those observed for the systems without asphaltenes.

Finally, despite the reduced interfacial tension of the systems
with addition of the surfactants, these were not capable of stabi-
lizing the w/o emulsions, behavior expected for products con-
sidered to be good demulsifiers.

Determination of the Refraction Index of the Aqueous
Surfactant Solutions

To evaluate and select the most suitable crystal for the FTIR-
ATR analyses (between zinc selenide and germanium), we meas-
ured the refraction index of the aqueous solutions of the
branched surfactant to calculate the radiation penetration depth
in the solution, by means of eq. (4),"® where 1. is the wave-
length in the crystal, 0 is the angle of incidence, and n, and n,
are the refraction indices of the sample and crystal, respectively.

)

Ac

d —
! \/Zn[sen20 — (ny/n)’]

(4)

In this technique, which is based on the total radiation reflected
when it reaches the crystal-sample interface, it is necessary to
know how far the radiation manages to penetrate in the sample
so that the spectrum can be correctly analyzed, as the

Table I. Results of the Interfacial Tension Between Salt Water and Dispersions of Asphaltenes

Interfacial tension = 0.1 (mMN m~%)?

Emulsion

without Emulsion with Emulsion with Emulsion with
Sample surfactant surfactant B surfactant L1 surfactant Lo
Blank® 30.5 14.8 121 111
C7 Asphaltenes 23.4 15.2 12.6 11.5

®Tests performed in triplicate; results are the mean + the respective standard error.

bSalt water/toluene system.
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Table II. Refraction Index of the Branched Copolymer Solutions and
Penetration Depth According to the Crystals Chosen

Concentration Solution 3 Ge 3 ZnSe
(% R) (n2) (ny = 4.0) (hy =2.4)
0.00001 1.3321 0.1023 0.8664
0.00003 1.3322 0.1023 0.8667
0.00010 1.3320 0.1023 0.8661
0.00030 1.3320 0.1023 0.8661
0.00100 1.3321 0.1023 0.8664
0.00300 1.3320 0.1023 0.8661
0.01000 1.3317 0.1022 0.8652
0.03000 1.3330 0.1025 0.8690
0.05000 1.3332 0.1025 0.8696
0.10000 1.3332 0.1025 0.8696
0.30000 1.3335 0.1026 0.8705
0.50000 1.3337 0.1026 0.8711
0.70000 1.3341 0.1027 0.8723
0.90000 1.3347 0.1028 0.8740
1.00000 1.3344 0.1027 0.8731

5, penetration depth; nq, refraction index of the crystal; np, refraction
index of the solution.

concentration of substances that absorb light can vary according
to the distance from the crystal.

Table II shows the refraction indices of the branched copolymer
solutions and the radiation penetration depth for each solution
and each crystal.

The results show that even with a variation on the order of 10°
in v/v % in the concentration of the branched surfactant in the
solution, the refraction index only varied in the third decimal
place and the medium became more refracting as the copoly-
mer’s concentration increased. Also, the higher the solution’s
refraction, the greater was the radiation’s penetration in this
medium. In relation to the crystals, germanium only allowed
about one-eighth the penetration of zinc selenide, besides being
less sensitive to the variation in the sample’s refraction index.
As the aim of this study was to elucidate whether the copoly-
mers act at the interface with asphaltenes and also to validate
the FTIR-ATR technique for this purpose, the less the penetra-
tion the better the efficiency.

FTIR Analyses

We studied two aspects with this technique: determination of
the critical micelle concentration (CMC) of the aqueous solu-
tions of the PEO-PPO block copolymers and evaluation of the
interface of the solutions containing asphaltenes and these
copolymers.

Determination of the CMC Values. Initially, we analyzed the
aqueous solutions of the three copolymers (L,, L,, and B) at
various concentrations with the intent to validate the FTIR-ATR
technique for the study of crystal/aqueous copolymer solution
interfaces and thus to verify whether it is possible to observe
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Figure 2. Spectrum of water and the branched copolymer solution with
the zinc selenide crystal.

the behavior of the copolymers in solution, that is, to determine
the CMC values.

To study the spectra generated (absorbance x wavelength of
incident radiation) of the PEO-PPO block copolymers, we eval-
uated the ratio of the absorption band at ~ 1106 cm ™', corre-
sponding to the absorption of the C—O—C group of the
copolymers, with the absorption at 1640 cm™', related to the
O—H group of the water. The purpose of calculating the ratio
of these absorbances is to remove the effect of the optical path,
according to the Lambert—Beer law.'® We chose the absorption
band of 1106 cm™" because water does not interfere at this fre-
quency, as can be observed in Figure 2. The same behavior was
observed for all the surfactants.

As can be seen in Figure 3, the absorption band at 1106 cm™*

was not detected until a certain copolymer concentration, from
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Figure 3. Enlarged spectra containing analyses of the aqueous solution of
the branched copolymer by FTIR-ATR: (a) with the zinc selenide crystal
and (b) with the germanium crystal.
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Figure 4. Ratio of the absorbances of the copolymers (L;, L2, and B)
with the logarithm of their concentrations obtained by FTIR-ATR: (a)
with the zinc selenide crystal and (b) with the germanium crystal.

which point the absorbance started to increase with rising con-
centration. This behavior was observed for all the copolymers
and with both crystals. Figure 4 allows better observation of the
relation between intensity of the absorption bands and the co-
polymer concentrations.

CMC values measured by the FTIR-ATR technique were
obtained when the ratio of the absorption bands located at
1105 and 1640 cm™' was different from zero, indicating that
the apparatus was capable of capturing the signal of each copol-
ymer. The CMC values obtained by FTIR-ATR and tensiome-
try'” are shown in Table IIL. It can be seen that the results of
the two techniques agree. Copolymer L, did not present a curve
similar to those of the other copolymers, i.e., with an increase
in its concentration, there was an increase in the absorption
band ratios. This result confirms what was observed previously
by tensiometry: the study of the surface of the aqueous phase of
copolymer L, does not permit observation of the formation of
micelles.

This behavior indicates a good correlation in the observation of
the solid-liquid interface (by FTIR-ATR) and the liquid—air
interface (by tensiometry). Besides this, the germanium crystal

Table III. Comparison Between the Values Obtained by FTIR and
Tensiometry

FTIR—crystal :  FTIR—crystal :

Copolymer  zinc selenide germanium Tensiometry®’
CMC (%) CMC (%) CMC (%)

B 0.01 0.01 0.01

Ly 0.3 0.7 0.7

Lo - - -
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Figure 5. Enlarged spectrum of the solution of copolymer B in toluene
with germanium crystal.

is more effective. This coherent because, as already discussed,
with its use the radiation only penetrates in the solution about
one-eighth as much as when using the zinc selenide crystal.
Therefore, the analysis with asphaltenes and copolymers was
performed with the germanium crystal.

Study of the Interface of the Solutions Containing Asphal-
tenes and the PEO-PPO Block Copolymers. In the study of
the interface of the solutions of asphaltenes and PEO-PPO
block copolymers, all the solutions were prepared with toluene
as the solvent. Therefore, the spectra were analyzed of the solu-
tions with different concentrations of the branched copolymer
for the purpose of identifying the absorption band that could
be used in this study. Figure 5 shows that the absorption band
located at 1106 ¢cm ™' can be used to discern the presence of
copolymers in this solution, due to the increase of its intensity
with increasing copolymer concentration. This behavior was
similar for the two linear copolymers as well (L; and L,).

The concentration of asphaltenes in toluene was also varied, but
it was not possible to observe an absorption band that stood
out in relation to the solvent, as shown in Figure 6. Thus, it
was not possible to observe an absorption band in the solution
of asphaltenes that stood out in relation to the solvent, so it
was not possible to use a specific band for the asphaltenes, as
was the case of the copolymer, to directly assess their behavior
at the interface.

To calculate the ratio with the absorption band at 1106 cm ™!,

we chose the absorption band located at 2923 ¢m ™', which is
related to the axial deformation of the CH, and CHj groups
that are present in all the compounds in the solutions analyzed:
asphaltenes, surfactants and to solvent toluene itself. This allows
monitoring the adsorption of the surfactant at the crystal/sur-
factant solution interface in the presence of asphaltenes.

0035 4

—Toluene  ——0,5% asphaltene solution

0,025

0.015

Absorbance

0.005

-0.0057-% 1250 1750 2250 2750 3250 3750

Figure 6. FTIR-ATR spectrum obtained with the crystal germanium of
toluene and 0.5% asphaltene solution.

@WILEY il ONLINE LIBRARY



Applied Polymer

CIENCE

ABS(1106/2921)

T T T T + 0.00
-3.00 -2.50 -2.00 -1.50 -1.00 -0.50 0.00

-
wn
o

Log[copolymer concentration in %w/V]

Figure 7. Graph of the ratio of absorbance bands (1106/2921) in function
of the logarithm of the copolymer concentration at a fixed asphaltene
concentration of 0.05%.

After preliminary analyses, we studied the effect of increasing
the concentration of the copolymers with a determined concen-
tration of asphaltenes.

From the graph shown in Figure 7, which was obtained for the
lowest concentration of asphaltenes analyzed, it can be seen that
the curves have the same shape: the ratio of the absorption
bands selected increases with increasing surfactant concentration
in the solution to a certain concentration, after which this ratio
remains practically constant. It can also be seen that the concen-
tration of the branched copolymer at the interface has the great-
est variation, followed by the linear copolymer L;. For higher
concentrations of asphaltenes (Figures 8 and 9), an increase in
the ratio of absorbances for the branched copolymer was only
observed at the highest concentrations of this copolymer. For
the other copolymers, no significant increase in these values was
observed when comparing the final and initial concentrations of
these copolymers, suggesting that at high asphaltene concentra-
tions, copolymers L; and L, are not effective in removing these
compounds from the interface analyzed.

It can therefore be concluded that although the surfactants L;
and L, were adsorbed at the interface composed by the asphal-
tenes (as shown by the results in Table I), they were not able to
remove the asphaltenes as was the case of the branched surfac-
tant, which has greater volume.

A possible explanation why copolymers L; and L, were efficient
at low concentrations, but not at high ones is that at high con-
centrations, the asphaltenes, through their intermolecular inter-
actions, could be forming a more rigid film at the interface,
impeding removal of the asphaltenes even more.

This indicates that at first, copolymer B should be more effec-
tive in the process of demulsifying crude oil emulsions. These
results are coherent with those obtained earlier in the study of
the destabilization of the model emulsions prepared with the
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Figure 8. Graph of the ratio of absorbance bands (1106/2921) in function
of the logarithm of the copolymer concentration at a fixed asphaltene
concentration of 0.10%.
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Figure 9. Graph of the ratio of absorbance bands (1106/2921) in function
of the logarithm of the copolymer concentration at a fixed asphaltene
concentration of 0.25%.

asphaltenes, where copolymer B obtained the efficiency of 92%
more quickly than the other two copolymers.

In a previous study,'* it was also shown that copolymer B was
more effective in separating the phases of w/o emulsions, by
promoting this separation more quickly and efficiently.

The fact that the three copolymers presented the same efficiency
at the end of the demulsification tests (Figure 1) can be
explained by the fact that the model emulsion prepared already
was unstable, and any alteration at its interface provoke phase
separation.

CONCLUSIONS

Among the three surfactants investigated in this study, the PEO-
PPO block copolymer with a branched structure (B) worked
fastest in breaking down the emulsion. But overall, the effi-
ciency in separating the phases of the model emulsion com-
posed of salt water dispersed in asphaltenes in dissolved in tolu-
ene was the same for the three surfactants: 91.7% of the salt
water was separated from the model emulsion.

The measures of the interfacial tension between the saline
solution of surfactants and solution of asphaltenes in toluene
indicate that the interface is composed of asphaltene molecules
together with molecules of the surfactants.

The measurement of the CMC of the aqueous solutions of the
PEO-PPO block copolymers evaluated in this study by the
FTIR-ATR technique presented results that agreed with those
obtained by tensiometry. This indicates a good correlation of
the results obtained when evaluating water/air (tensiometry)
and water/crystal (FTIR-ATR) interfaces.

The best results of the FTIR-ATR technique were obtained using
the germanium crystal in the ATR accessory.

The FTIR-ATR technique was effective in studying the interface
of the solutions composed of block copolymers based on poly(-
ethylene oxide)-poly(propylene oxide) and asphaltenic fractions
of crude oil, showing that for the surfactant with greatest
demulsification efficiency (copolymer B), a greater variation in
the copolymer concentration was obtained at this interface.
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