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ABSTRACT: Acrylamide and tridecyl acrylate copoly-
mers were synthesized by micellar copolymerization to ob-
tain water-soluble, hydrophobically modified polymers.
Rheological properties of the obtained polymer solutions
were evaluated and compared to those of solutions of a
commercial polyacrylamide currently used in the petroleum
industry. The behavior of the copolymer solutions was stud-
ied as a function of the variation of hydrophobic monomer
content incorporated in the copolymer as well as the salt
content of the aqueous medium, for diluted and semi-di-
luted regimens. Comparative studies of such effects on the
intrinsic viscosity and the critical concentration of those
polymers were conducted. The increase in hydrophobic
monomer content produced a sudden increase in the bulk
and absolute viscosity of the polymeric solutions, a trend
that was more intense from a certain concentration typical

for each polymer. Salt addition led to lower bulk viscosity
caused by a stronger interaction among hydrophobic
groups, resulting from minimized exposure of such groups
and water. The same effect was observed for the critical
concentration. A comparison of the synthesized polymers
with industrial polyacrylamide showed that the synthesized
polymers were characterized by advantageously high shear
strength and high salt resistance. However, in the absence of
salts, higher copolymer amounts were needed to prepare
solutions whose viscosity was the same as that of commer-
cial polyacrylamide. © 2004 Wiley Periodicals, Inc. J Appl Polym
Sci 91: 3686–3692, 2004
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INTRODUCTION

The use of polymers in the petroleum industry encom-
passes various areas of the activities of petroleum
exploration, drilling, production, treatment, transpor-
tation, and storage, performing functions such as floc-
culating, stabilizer and thickening agent, organic dep-
osition inhibitor, friction-reducing agent, and filtration
aid, for example. Commonly used polymers for pre-
paring service fluids are frequently water soluble and
may be of natural origin, synthetic origin, or naturally
modified.1,2

The main role of a polymer used in petroleum re-
covery is to increase the viscosity of the aqueous

phase. Such increased viscosity may improve the effi-
ciency of the lines during the process of oil recovery.
One of the techniques used to recover petroleum from
the rock formation is water injection into the produc-
ing field. The role of water is to propel the oil toward
the producing well. Because water mobility is higher
than that of petroleum, the injection of pure water
causes the exit of this same water through the produc-
ing well instead of the exit of oil. To render the mo-
bility of water similar to that of oil, thickening agents
are used, more specifically, water-soluble polymers.2

Commercially, partially hydrolyzed polyacrylamide
(HPAM) and biopolymers such as xanthan gum are
used in the petroleum industry as thickening agents.
Conventional polymers rely on chain extenders and
physical entanglements of solvated chains to increase
solution viscosity. In HPAM, carboxylated groups
promote chain expansion as a result of ionic group
repulsion, leading to higher solution viscosity. When
all other factors are kept constant, the viscosity of a
HPAM solution increases with the increase in molec-
ular weight. As a result, oil field operations make use
of high molecular weight HPAM, thus increasing the
solution viscosity at a definite polymer concentration.
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However, when submitted to high shear rates, such
as those encountered in pumping environments, high
molecular weight HPAMs undergo irreversible degra-
dation. High shear rates lead to a break of the polymer
chain, with an irreversible decrease in viscosity. The
higher the HPAM molecular weight, the easier shear
degradation will be. However, high molecular
weights are required to yield high viscosity at reduced
concentrations. Besides, HPAM viscosity quickly de-
creases with increased salinity and hardness of the
water used to make the solution, that is, as a result of
the neutralization of ionic groups responsible for the
repulsion, thus leading to chain contraction. The com-
plexing capacity of the HPAM carboxylated groups
may lead to polymer precipitation at high divalent ion
concentration. In many oil reservoirs, water bears a
high sodium chloride and divalent ion concentration,
requiring the use of extremely costly and easily bio-
degradable xanthan biopolymers.2–4

Hydrophobically modified water-soluble polymers
are water-soluble polymers that contain a small
amount of hydrophobic groups directly linked to the
main chain. In aqueous solutions, hydrophobic groups
of these polymers tend to associate to minimize their
exposure to the aqueous medium, analogous in a way
to the micelle formation of a surface agent above its
critical micellar concentration. Such associations result
in an increase of the hydrodynamic size, which in-
creases solution viscosity. Because the high viscosity
conveyed by these polymers is attributed to molecular
association, on shearing the fluids just disrupt these
associations, which are reset when shear is interrupted
and initial viscosity is recovered.5–10

Hydrophobically modified water-soluble polymers
(HMWPs) belong to two categories: (1) those that
make intramolecular associations and (2) those that
make intermolecular associations. Each kind has
unique features in solution based on hydrophobic in-
teractions and associations as well as on ordination
associations in water. Determination of parameters of
the inter- and intramolecular aggregations includes
the mole percentage of hydrophobic groups, the molar
volume of the substituting group, chemical composi-
tion, and, particularly, the relative localization of hy-
drophobic groups, hydrophilic moiety length and hy-
dration, and overall molecular weight.2 HMWPs are
usually prepared from acrylamide and a hydrophobic
monomer by means of free-radical polymerization.
Acrylamide is the most useful monomer for obtaining
water-soluble high molecular weight polymers so that
its copolymers are among the most extensively inves-
tigated.8–13 In spite of the fact that different polymers
are used to prepare associated polymers, acrylamide is
the most suitable one because its copolymers show the
desired effect at polymer concentrations below 1% by
weight.

HMWPs are usually prepared by two main meth-
ods: (1) copolymerization of hydrophilic and hydro-
phobic monomers and (2) polymer chemical modifi-
cation to introduce hydrophobic and hydrophilic
groups. Copolymerization by the technique known as
micellar polymerization is the most common method
applied for the synthesis of associated polymers.5 The
micellar process14 for obtaining amphiphilic copoly-
mers overcomes the experimental drawbacks of con-
ventional copolymerization. Particularly, it renders
possible the polymerization of water-soluble poly-
mers, such as acrylamide, and of water-insoluble
monomers, such as the alkyl acrylamides, yielding
copolymers useful as thickening agents for aqueous
media. The process adds the water-insoluble mono-
mer in the predominantly aqueous medium with the
aid of a suitable water-soluble surface agent, such as
sodium dodecyl sulfate (SDS). Although other surface
agents may be used, SDS is the most commonly em-
ployed because, among other reasons, it is available in
a high degree of purity. Impurities, such as alcohol or
heavy metal cations, may intervene in the polymeriza-
tion, yielding reduced molecular weight polymers.

The aim of this work was the synthesis of hydro-
phobically modified acrylamide with tridecyl acrylate
by of the technique of micellar polymerization. Fur-
ther, to determine the shear strength and salinity re-
sistance of the fluid the rheological behavior of the
obtained polymer solutions was evaluated as a func-
tion of their concentration and copolymer composi-
tion.

EXPERIMENTAL

Synthesis of copolymers

The synthesis of the acrylamide–tridecyl acrylate co-
polymers was performed in a polymerization unit
with 12-flask capacity consisting of a thermostatic bath
and a turning base provided with controlled speed.

At first a 3 w/v % aqueous solution of SDS was
prepared. To this solution 3 w/v % acrylamide solu-
tion and tridecyl acrylate were added in the amounts
set forth in Table I. Potassium persulfate was used as
initiator, at a concentration of 0.005 w/v %. After
purging with nitrogen, the polymerization system was
maintained at 60°C for 9 h.

Only Sample 03 was purified. The polymer was
recovered by methanol precipitation, followed by fil-
tration and oven drying at 50°C. Later, copolymer
dissolution was carried out in an aqueous SDS solu-
tion at 3 w/v %.

Rheological evaluation

Viscosity measurements were obtained from three dif-
ferent apparatuses:
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1. Haake rheometer, RheoStress RS 100 model
(Bersdorff, Germany): cone and plate geometry
(60 mm, 2°), with shear stress in the range 0.15–
0.0025 Pa and shear rate in the range 1000–0.01
s�1, at a temperature of 25°C.

2. Contraves rheometer, Low Shear LS 40 model
(Greisensee, Switzerland): cylinder rotational
system of the Couette type, with shear stress in
the range 0.00265–0.165 Pa and shear rate in the
range 10–0.01 s�1, at a temperature of 30°C.

3. Brookfield viscometer, Model LVT (Middle-
boro, MA): coupled with a small sample adapter
and SC4 31/13R spinkler, in the shear rate range
1–0.05 s�1, at a temperature of 25°C.

Intrinsic viscosity values were determined by extrap-
olating from viscosity reduced to zero concentration.

Critical concentrations were obtained by the inter-
section of straight lines from specific viscosity �sp
graphs (at zero shear rate), as a function of the product
of the solution intrinsic viscosity by its concentration,
c[�].

Variable concentration solutions were obtained
through successive dilutions. Concentrations were
corrected by adding a 1-mL aliquot to a previously
tared flask, which was then placed in an oven at 50°C
until constant weight (the maximum oven tempera-
ture was 50°C because of SDS degradation above that
temperature). To calculate solution concentration, the
theoretical amount of SDS present was subtracted.

RESULTS AND DISCUSSION

Synthesis of copolymers

Solutions resulting from copolymerization appeared
as transparent, homogeneous, colorless, and clear. In
view of the problems for purifying and quantifying
these polymers,12,15,16 solutions resulting from poly-
merization reactions were used in the rheological

studies. Because all the reactions were run under con-
stant conditions (initiator amount, temperature, and
reaction time) and the hydrophobic monomer content
varied within narrow limits, for purposes of the
present study, it was considered that molecular
weights of the obtained copolymers were similar.

Rheological studies

Absolute viscosity of polymeric solutions resulting
from micellar polymerization

Figure 1 illustrates how absolute viscosity varies as a
function of the shear rate of solutions of copolymers
obtained by making use of the micellar copolymeriza-
tion technique. As expected, it may be observed that
viscosity increased as a result of the increase in hydro-
phobic monomer content in the feed. That is, Sample
10, which had the highest amount of hydrophobic
monomer, showed the highest absolute viscosity
value, whereas Sample 01, which had the lowest
amount of hydrophobic monomer, showed the lowest
viscosity value. The observed viscosity value occurs
because copolymers having higher amounts of hydro-
phobic monomer tend to a higher association among
molecules, thus increasing the aggregate volume, and
as a consequence increasing the medium viscosity.

These results led us to consider that systems having
a larger amount of hydrophobic monomer in the feed
resulted in copolymers having a higher amount of
hydrophobic monomer incorporated in their chain,
even if the composition figures in the feed and in the
copolymer are not essentially the same. Figure 1 re-
sults were obtained from the higher to the lower shear
rate, which demonstrates that the fluid could recover
viscosity even after having been sheared. This means
that, when submitted to high shear rates, the molecu-
lar weight of such molecules is not reduced, only the

Figure 1 Curves of apparent viscosity versus shear rate for
samples 01 to 10, from a Haake rheometer, at 30°C.

TABLE I
Reaction Conditions of Copolymerization Batches for

Acrylamide and Tridecyl Acrylate Using the
Technique of Micellar Copolymerization

Identification code

Amount of tridecyl acrylate
relative to acrylamide

weight

wt % mol %

Sample 01 0.69 0.24
Sample 03 1.03 0.35
Sample 04 1.22 0.42
Sample 05 1.40 0.48
Sample 06 1.54 0.53
Sample 08 1.99 0.69
Sample 09 2.33 0.81
Sample 10 2.73 0.95
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interchain association of copolymer hydrophobic
groups is broken and subsequently restored.

A similar rheological study was run in the Low
Shear 40 rheometer for Sample 01 and Sample 06. In
this case viscosity measurements were made follow-
ing a low-shear regimen. Figure 2 shows the results for
absolute viscosity versus shear rate. It may be ob-
served again that absolute viscosity is increased when
the amount of hydrophobic monomer is increased.
From Sample 05 on, behavior progressively moves
away from Newtonian, which could be observed for
samples having a lower amount of hydrophobic
monomer.

In view of the fact that the surface agent amount
was kept constant for all the reactions, it may be
suggested that from Sample 05 on the size of hydro-
phobic blocks in the polymer chain causes it to be
more sensitive to the shearing effects at the actual
solution concentration (� 3 w/v %).

Intrinsic viscosity

Intrinsic viscosity of the samples was also determined
to evaluate the influence of SDS and NaCl contents on

the behavior of nonaggregated systems. At first a stan-
dard salt (NaCl) concentration had to be determined
that would not cause precipitation in those systems.
Solubility tests established that concentration as 0.1M
(0.58 w/v % NaCl).

Thus, to determine intrinsic viscosity values of the
polymer solutions, bulk viscosity analyses of each di-
lution were run in a Low Shear rheometer. A Newto-
nian behavior was observed for viscosity as a function
of shear rate for the polymer concentration ranges
used for all solutions as well as increased viscosity
with increase in polymer concentration. Reduced vis-
cosity values were taken in the Newtonian portion of
the viscosity versus shear rate curves. Intrinsic viscos-
ities were obtained from the Huggins equation17 with
a reasonable match. Table II shows intrinsic viscosity
values of copolymer solutions of varying SDS and
NaCl concentrations, and copolymers of different
amounts in hydrophobic monomer.

A comparison was made among the values of in-
trinsic viscosity for solutions of Sample 03, Sample 06,
and Sample 09 copolymers, prepared from nonpuri-
fied solutions and containing the same content of
added SDS (3 w/v%). Evaluation of the data led to the
conclusion that intrinsic viscosity values are increas-
ingly dependent on the increase of hydrophobic
monomer content in the copolymers. The same behav-
ior was observed when 0.1M NaCl-containing systems
were compared with each other. Such results match
literature data,5,6,13,14 given that at infinite dilution
there is no intermolecular interaction, that is, the mol-
ecule behaves as if it were by itself in the solution,
whereas the interaction of the molecular hydrophobic
moieties, which minimize its exposure to water, pro-
motes chain contraction. The higher the hydrophobic
monomer content in the copolymer, the higher the
chain contraction and the lower, intrinsic viscosity of
solution.

A comparison between results obtained for nonpu-
rified Sample 03 and purified Sample 03, both solu-
tions containing 3 w/v % SDS, shows that after puri-
fication the polymer hydrodynamic volume was re-

Figure 2 Curves of apparent viscosity versus shear rate for
samples 01 to 06, from a Low Shear rheometer, at 30°C.

TABLE II
Intrinsic Viscosity Values Obtained for Polymer Solutions

Sample code Purificationa SDS (% w/v) NaCl (mol %)
Intrinsic

viscosityb (dL/g)
[�]

Reduction (%)

Sample 03 Yes 3 — 2.31 —
Sample 03 No 3 — 7.93 60

3 0.1 3.23
Sample 06 No 3 — 5.90 49

3 0.1 3.04
Sample 09 No 3 — 4.22 45

3 0.1 2.33
0.5 — 17.87 —

a Yes � purified sample; No � nonpurified sample.
b Huggins’s extrapolation.
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duced. This may be explained by the fact that the solid
obtained after methanol precipitation was insoluble in
aqueous media, that is, the copolymer chains had
undergone a high degree of contraction. The chain
hydrophobic groups are so strongly linked that the
entry of water molecules to promote dissolution is
highly impaired. Even upon addition of a surface
agent to the aqueous medium there is a strong resis-
tance to the dissolution process, with agitation and
exposure to the dissolution medium being required
for more than 24 h, until all the copolymer is again
dissolved. Whenever the copolymer is dissolved, it is
not necessary that its chains have the same hydrody-
namic volume than that shown in solutions of nonpu-
rified samples. Sadicoff and coworkers,15,16 based on a
study on poly(propylene oxide) (PPO)–modified
acrylamide, observed a behavior opposite to that of
the present work, that is, solutions from purified co-
polymer had intrinsic viscosities equal or slightly su-
perior to those of copolymers solutions prepared from
a nonpurified solution. The observed discrepancy rel-
ative to the tridecyl acrylate–modified acrylamide co-
polymers may be explained by the fact that the hydro-
phobic character of the tridecyl acrylate monomer is
stronger than that of PPO.

Still in Table II, comparing with Sample 09, in the
absence of salt, containing different amounts of SDS (3
and 0.5 w/v%), it may be observed that the lower
surfactant amount in the medium leads to an increase
in intrinsic viscosity values. In principle, it could be
expected that a reduction in SDS concentration would
cause lower copolymer solubility in the medium and
therefore lower intrinsic viscosity. The triplicate-run
experiment confirmed that [�] increases with SDS re-
duction. Such an unexpected result may be explained
if one considers that because of the high degree of
incompatibility of the copolymer hydrophobic
branches with the medium, containing a lower content
of surfactant agent, molecules tend to form molecular
agglomerates that are difficult to break apart. Such
agglomerates mask the actual intrinsic viscosity value;
that is, the resulting viscosity would be relative to a
molecular aggregate and not only to a single molecule.
In this case, it is suggested that the solutions under
investigation were not in the concentration range of a

diluted regimen, which was checked later in the de-
termination of the critical system concentration.

Now, upon comparing systems containing 3% SDS,
in the presence and in the absence of NaCl, it is
observed that the presence of salt in the diluting so-
lution, at the concentration of 0.1 mol, decreased the
intrinsic viscosity for all studied samples. Salt present
in the aqueous medium is a strong competitor with the
polymer chain toward water, leading to lower poly-
mer solubility, which in turn causes molecular con-
traction. However, it is seen that the reduction in
viscosity is less marked as the hydrophobic monomer
content in the copolymer is augmented (Table II). This
indicates that the decrease in intrinsic viscosity could
be minimized or even impaired by the increase in
content of hydrophobic monomer that is modifying
polyacrylamide. Therefore, there is a content in hydro-
phobic monomer in the copolymer chain that may be
sought for which the polymer solutions do not show
any viscosity loss in the presence of salt.

Critical concentration

Analyses of [�] obtained with a Low Shear rheometer
allowed collection of data for assessing the critical
concentration for Sample 03, Sample 06, and Sample
09 copolymers, in the presence of SDS and in the
absence and presence of salt (0.1M NaCl) (Table III). It
may be observed that a higher content in hydrophobic
monomer leads to a lower copolymer critical concen-
tration. For the same surfactant agent concentration in
the dilution medium, it is expected that the solubility
of the tridecyl acrylate–modified acrylamide copoly-
mers be reduced with the increase in the hydrophobic
content with a consequent decrease in the values of c*.
An increase in the hydrophobic chain domains should
be responsible for the increase in solubility of such
chains in the aqueous medium, so that the polymer
concentration range in a diluted regimen becomes
narrower. According to literature data,5 the presence
of salt introduces even deeper modifications in the
solubility of hydrophobic groups, so as to intensify
intermolecular interactions, thus increasing viscosity
and consequently reducing the value of c*, compared
to the values obtained for a nonsaline medium.

TABLE III
Critical Concentrations of Tridecyl Acrylate–Modified Acrylamide Copolymer Solutions

Sample codea

Estimated hydrophobe
content in copolymer

(mol %)

c* for samples diluted in
3% w/v SDS,

no NaCl (g/dL)

c* for samples diluted in
3% p/v SDS and 0.1M

NaCl (g/dL)

c* for samples diluted in
0.5% w/v SDS,
no NaCl (g/dL)

COP-C13-09 1.12 0.30 0.22 0.15
COP-C13-06 0.73 0.37 0.28 —
COP-C13-03 0.49 —b 0.41 —

a Nonpurified solutions.
b c* did not occur in the tested concentration range (0.019–0.30 g/dL).
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Absolute viscosity as a function of copolymer
concentration and comparison with a commercial
polyacrylamide

Aiming at comparing the rheological behavior of
tridecyl acrylate–modified acrylamide copolymers in
the semi-diluted regimen range, and using a commer-
cial product marketed as FLOPAAM, polymeric solu-
tions resulting from the micellar polymerization were
diluted and their absolute viscosities were measured
in a Brookfield viscometer. Tests were run in both the
absence (Fig. 3) and the presence of salts (Table IV).

Figure 3 illustrates curves of absolute viscosity ver-
sus solution concentration for Sample 03, Sample 04,
Sample 05, Sample 09, and Sample 10 copolymers, as
well as for the commercial FLOPAAM sample, ob-
tained for the shear rate of 0.5 s�1. Some samples (the
more viscous, having a higher amount of hydrophobic
moieties) could not have their viscosity determined in
the Brookfield viscometer because the values would
be much beyond the sensitivity of the apparatus.
Those samples required a deeper dilution to allow
reading their solution viscosity. For the less-viscous
batches, less-diluted solutions were prepared, with
their concentrations being nearer to that of the poly-
merization-prepared batches.

It could be observed that, although for commercial
polyacrylamide the increase in viscosity solution is
practically linear based on polymer concentration, for
tridecyl acrylate–modified polyacrylamide the in-
crease in viscosity occurs according to a nonlinear
pattern, being more intense with the increase of hy-
drophobic monomer content in the copolymer. A
sharp change in the viscosity versus copolymer con-
centration curve occurs from a certain concentration, a
behavior that is typical of each copolymer.

The effects of the hydrophobic groups on the rheo-
logical properties of their solutions depend on the
polymer concentration. The occurrence of intermolec-
ular interactions, intramolecular interactions, or both,

will determine the possible modifications observed in
this typical rheological behavior.2 The increase of hy-
drophobic monomer content during the copolymer
synthesis, keeping constant the concentration of reac-
tion surface agent, leads to larger hydrophobic blocks,
thus causing an increase in the hydrophobicity of the
copolymer.18 For more highly concentrated polymeric
solutions in the semi-diluted regimen, it is expected
that intermolecular interactions are intensified, thus
increasing the occurrence of molecular aggregates and
leading to a sudden increase in the absolute viscosity
of such solutions. For copolymers having larger hy-
drophobic blocks, these more-intense interactions will
probably occur at lower polymer concentrations
caused by the increase in hydrophobic domains.

Commercial polyacrylamide marketed as FLOPAAM
(degree of hydrolysis � 10%), used as a thickener in
petroleum tertiary recovery fluids, served as a com-
parative parameter for the copolymers investigated in
this work. Solutions of this commercial copolymer
showed a behavior typical for commercial polyacryl-
amides cited in various literature studies.2–13 For low
shear rates a Newtonian behavior may be observed in
the test concentration range (0.01–1.5 g/dL). In this
Newtonian region, solution viscosity varies linearly
with the variation of the polyacrylamide concentra-
tion. From a viscosity versus concentration plot it is
seen that a value of 0.04 g/dL for the concentration is
required to attain a viscosity of 19 cP, which is the
viscosity of injection fluids used in petroleum tertiary
recovery. By drawing a straight line parallel to the axis
of the polymer concentration and crossing the 19 cP
viscosity of Figure 3 it may be seen that several copoly-
mers show viscosities of this order, for concentrations
that are higher than that used with the FLOPAAM
acrylamide.

Table IV lists values for absolute viscosity measured
in a Brookfield viscometer in the presence and in the
absence of salt, at a shear rate of 0.5 s�1, of a commer-
cial polyacrylamide solution of FLOPAAM and of
Sample 05 and Sample 09 copolymers. It may be ob-
served that 1 g/dL of Sample 05 copolymer is required
to obtain the same absolute viscosity (� 30 cP)
achieved by commercial polyacrylamide at a concen-

TABLE IV
Absolute Viscosity of Polymeric Solutions as Measured
in a Brookfield Viscometer, at 0.5/s�1, in the Presence

and in the Absence of Salt

Sample code

Polymer
concentration

(g/dL)

Absolute viscosity (cP)

No salt
Salt added

(0.1M NaCl)

FLOPAAM 0.04 30 4
COP-C13-07 0.96 30 38
COP-C13-09 1.0 34 36

Figure 3 Curves of absolute viscosity versus concentration
of the acrylamide and tridecyl acrylate copolymer compared
to the curve of commercial polyacrylamide solution
(FLOPAAM), from a Brookfield viscometer, at 25°C.
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tration of only 0.04 g/dL. Such higher polymer con-
centration required for obtaining the same viscosity as
that obtained with commercial polyacrylamide may
possibly be attributed to different molecular weights.
Salt addition to the medium caused a sudden decrease
in viscosity of the polyacrylamide solution. On the
contrary, copolymer solutions have shown a viscosity
increase in a saline medium. This behavior, observed
for all samples, is in agreement with literature data2

found for similar polymers. Polyacrylamide viscosity
is reduced because this polymer is partially hydro-
lyzed and ions present in solution reduce the electro-
static repulsion of the hydrolyzed groups present in
the chain, resulting in chain contraction. As for the
acrylamide and tridecyl acrylate copolymers, the pres-
ence of salt decreases molecular solubility as a whole
but intensifies intermolecular interactions, thus ulti-
mately leading to an increase in the hydrodynamic
volume and consequently an increase in viscosity.

A few modifications should still be introduced in
reaction conditions to obtain copolymers having vis-
cosities of the order of 19 cP, by using a concentration
similar to that of commercial polyacrylamide. On the
other hand, advantages inherent to copolymers com-
pared to those of polyacrylamide, mainly with respect
to salt sensitivity, may certainly compensate for the
use of more highly concentrated polymer solutions in
highly saline fields.

CONCLUSIONS

Use of copolymers from the described polymeriza-
tions yielded highly viscous solutions of high shear
strength and high salt resistance, which indicates ex-
cellent potential use in tertiary petroleum recovery. To
be used in the petroleum industry, in wells without
the presence of salts, such copolymers should have
molecular weights slightly higher than those obtained
in the present work, to reduce solution concentration,
while keeping a viscosity level suitable for petroleum
recovery operations.

The addition of salt to tridecyl acrylate–modified
acrylamide copolymer solutions, in the diluted-regi-

men range, led to a decrease in intrinsic viscosity
values, which may be attributed to changes in hydro-
phobic group solubility. However, this lower intrinsic
viscosity was minimized through an increase in hy-
drophobic monomer content in the copolymer. The
critical concentration of copolymer solutions was re-
duced upon increasing the hydrophobic monomer
content, probably because of solubility modifications
caused by hydrophobic blocks.
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