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ABSTRACT: Water-soluble chitosan derivatives are synthesized via a two-step procedure that includes the hydrophobization of chitosan
using different acyl chlorides, and then the alkylation of some of the amine groups. Rheology, conventional rolling, and filtration tests
are performed to evaluate the effect of the modified polysaccharides on the rheological behavior of the fluid, as well as on the clays
cuttings integrity and on the control of fluid loss for the geological formations. The results indicate that the product with C16 seg-
ments, 2% (wt/vol) concentration and high molar weight led to aqueous solutions with a pseudoplastic behavior equivalent to the
one presented by the commercial rheology modifier used in water-based drilling fluids. In addition, the hydrophobically modified cat-
ionic chitosan shows an excellent capacity for inhibiting the clays reactivity and for keeping the cuttings integrity. The results also
show that this product can significantly decrease the volume of filtrate, leading to values comparable to the ones obtained with com-
mercial additives, and therefore suggesting that it could be considered to replace some of the drilling fluid additives commonly used.
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INTRODUCTION

Drilling fluids are circulating fluids used in rotary drilling to
perform several duties during the drilling of a well."* Among
the most important functions of drilling fluids, are their duties
to drive drilled cuttings to the surface and to keep these cut-
tings in suspension, stabilize pressures in the wellbore, lubricate
and cool the drill bit, prevent hydration reactions of water sen-
sitive shales, and avoid flooding of the wellbore walls and geo-
logical formation reservoir. Therefore, an efficient drilling fluid
formulation must contain a variety of additives, such as viscosi-
fiers and rheology modifiers to suspend rock cuttings, filtrate
control agents to avoid flooding of geological formations, reac-
tive clays inhibitors to prevent wellbore walls and rock cuttings
degradation, and lubricants, among others. Each one of these
additives has a specific function, and the total formulation of
the fluid is extremely important in the design of drilling opera-
tions, both from a technical and an economic point of view.”

Drilling fluids can be classified according to their continuous phase
as water-based, oil-based, and gas-based fluids. At the moment,
some of the drilling fluids used in offshore operations are either oil

or synthetic oil based. These fluids must be used mainly during
directional drilling for lubricity purposes and also while drilling
through extremely reactive shales. Unfortunately, most of the con-
tinuous phases used in these fluids are not completely biodegrad-
able and may be considered toxic to the environment. Due to an
increase of the environmental restrictions, the demand for the
more ecologically friendly water-based drilling fluids has increased
in the last decade. However, the use of these water-based fluids
may lead to wellbore instability while drilling through formations
containing smectite rich reactive clays that may swell and disinte-
grate in contact with water, leading to serious borehole problems.
To prevent wellbore instability and dispersion of the drilled cut-
tings, different polymeric additives have been used, such as the syn-
thetic cationic polymer polydiallyldimethylammonium chloride
(PDADMAC), which can be very efficient. In a previous work, it
was shown through adsorption isotherms that a series of cationic
polymers had high affinity for reactive clays, and their efficiency as
clay inhibitors depended on the amount of adsorbed polymer,
which also depended on the length of the macromolecular chain.’
However, these synthetic cationic polymers are also extremely
toxic, with low biodegradability, and are expensive to be produced
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in large quantities. On the other hand, many water-soluble polysac-
charides are biodegradable and non-toxic, and several have been
used in the formulation of drilling fluids.*™ Several investigations
in the latter area have focused on the development of environmen-
tally friendly additives for water-based fluids with capacity for act-
ing as rheology modifiers and filtrate loss control, i.e. present low
viscosity at high shear rates and high viscosity at low shear rates,
and to favor the formation of a thin layer of filter cake in order to
reduce the filtrate loss into the geological formation, such as xan-
than gum and modified starch.*™'°

Hydrophobically modified polymers have become the subject of
extensive research due to their unique characteristics and applica-
tions such as in enhanced oil recovery and drilling fluids.""'* These
polymers are tailored on the basis of a hydrophilic macromolecular
chain where a relatively small number of hydrophobic segments is
introduced, forming the so-called associative polymers where these
hydrophobic segments interact forming aggregates at low shear
rates, increasing viscosity.'>'* The introduction of hydrophobic
alkyl side segments on the backbone of chitosan has been performed
by several authors,'>'® obtaining a chemically modified chitosan
that is water-soluble only at low pH (<6.5) through the protonation
of the amine group of the polymer. Although the use of this type of
chemical structure could have a potential use as a rheology modifier
for water-based drilling fluids, the necessity of a low pH would pre-
vent its application in the field, since drilling fluids must present a
high pH (>8.5) for several reasons, mainly to avoid corrosion.”

In the present work, hydrophobically modified truly cationic chi-
tosans were synthesized via a two-step procedure that includes
the hydrophobization of chitosan using different acyl chlorides,
and then the quaternization of amine groups to yield the final
genuine cationic products. FTIR and "C-NMR spectroscopies
were used to characterize the modified polymers, which were
also evaluated as reactive clays inhibitors, rheological modifiers
and filtrate loss reducers for water-based drilling fluids. The use
of one single biodegradable product to replace several additives,
some of them toxic as the synthetic cationic polymer, should
drastically reduce the final cost of the water-based drilling fluids
and bring important environmental advantages.

EXPERIMENTAL

Materials and Methods

The three commercial chitosan products with different molecu-
lar weights and deacetylation degrees of 75-85% used in this
study were purchased from Sigma-Aldrich, Brazil. According to
the manufacturer, these products are referred as low molecular
weight (LMW, 50-190 kDa), medium molecular weight (MMW,
190-310 kDa), and high molecular weight (HMW, 310-375
kDa) chitosans. Mean molecular weights were determined in
the lab using gel permeation chromatography (GPC) and
dynamic light scattering (DLS), and the results showed a wide
MW distribution (LMW =117 £27 kDa, MMW = 190 * 45
kDa, HMW = 270 = 115 kDa), as expected for technical grade
products, such as those used in the petroleum industry.

Acid chlorides (octanoyl, myristoyl, and palmitoyl chlorides), and
PDADMAC were also purchased from Sigma-Aldrich. Hydroxy-
propyl starch (HPA) and xanthan gum were a gift from Petrobras
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S.A. N-methyl-2-pyrrolidone (NMP), acetic acid, sodium iodide,
methyl iodide, potassium chloride, and sodium hydroxide were
obtained from Vetec-Brazil (Table SI). The lubricant DP400 was
from Dhaymers Ltda. Brazil. All chemicals used were of analytical
grade and were used as received. Deionized distilled water was
used throughout the experiments. The clay used in the cuttings
rolling tests and adsorption experiments was a bentonite supplied
by Bentonorte Company (Paraiba, Brazil).

Synthesis of Modified Chitosans

The method for the synthesis of trimethylated cationic chitosan
was based on a quaternization reaction, following the protocol
described in Ref. 17 (Figure 1): 20 g of chitosan were first dis-
persed in 510 mL of N-methyl pyrrolidone; then after 24 h, 90
mL of 30% NaOH solution, 33 g of Nal, and 90 mL of CHs;l
were added to the reaction medium.'” After 26 h, the trimethy-
lated cationic chitosan (TC) was precipitated with acetone, and
then re-solubilized in 1 mol L™ HCI solution. The product was
re-precipitated three times with acetone, and the material
obtained was dissolved in distilled water. This final solution con-
taining the cationic product was placed in Petri plates and dried
in an oven at 60°C for 4 days until solid films were formed.

The synthesis route used to obtain hydrophobically modified
cationic chitosans consisted of two stages: first, the hydrophob-
ization reaction of chitosan using different acyl chlorides (Fig-
ure 2), as described by Le Tien et al,'® and second, the
cationization of the obtained hydrophobically modified deriva-
tive (Figure 3). As a result, it was obtained a series of hydro-
phobically modified cationic chitosans, with varied lengths of
the hydrophobic alkyl chain which in turn determines the
degree of hydrophobicity of the derivative product.

In the first step, a mixture of chitosan and aqueous acetic acid
(0.12 mol L™") was stirred at room temperature for 24 h to
ensure total solubility. The pH was adjusted to 7.0 by slow
addition of 1 mol L™' NaOH under strong agitation to yield a
slurry gel. The acid chloride (containing 8, 14, or 16 carbon
atoms in the hydrocarbon chains) was added and the reaction
volume adjusted to 2 L with distilled water. After magnetic stir-
ring at room temperature for 5 h, each preparation was neutral-
ized (pH 7.0), and the product was precipitated with acetone.
The precipitate was collected by filtration and washed three
times with an excess of methanol at 60°C, to remove the resid-
ual acid. Finally, the hydrophobically modified chitosans (R-
HMC) were dried in an oven at 60°C for 1 week, to obtain the
corresponding derivative powders.

The second step was a quaternization reaction similar to the
procedure described above for the synthesis of the cationically
modified chitosan, but using the hydrophobically modified chi-
tosans as starting reagent (Figure 3). All the derivative products
(hydrophobically modified cationic chitosans, R-HMTC) were
characterized by solid state '’C-NMR and FTIR. The abbrevia-
tions of chitosan derivatives used in this work are summarized
in Table S1, in Supporting Information.

Structural Analysis
Solid state '*C-NMR analysis was performed on a Bruker spec-
trometer (DRX300 model, 7.05 Tesla magnetic field) operating
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Figure 1.

at 754 MHz using the CPMAS probe. The spectra obtained
were analyzed using the dmfit software to obtain an approxima-
tion of the spectrum using a model with a mixed Gaussian/Lor-
entzian function, which allowed the integration of the signals
assigned to the functional groups in the macromolecules under
study. The NMR spectra were used to calculate the mean degree
of hydrophobization degree (nucleophilic substitution degree at
the amines nitrogens) and the mean degree of cationization
degree (trimethylation degree at the amines nitrogens), using
eqs. (1) and (2), respectively. Peaks labeled as m, d and t were
assigned to carbons from methyl groups that were introduced
by the quaternization reaction to obtain hydrophobically modi-
fied cationic chitosan (C16 HMTC). The m, d, and ¢ labels refer
to the peaks corresponding to the methyl groups from N-
monomethylation, N,N-dimethylation, and N,N,N-trimethyla-
tion, respectively. The peak labeled as a refers to the alkyl chain
of the acyl group (# = no. carbon atoms in the alkyl chain).

HD (%)= a/n X100 (1)
(AcitActAcs+AcatAcs+Acs)/6
t/3
CD (%)= / X100 (2)

(Aci Ayt Acs tAcstAcst+Acs)/6

Infrared spectra were obtained by using an absorption spec-
trometer with Fourier transform in the region of 400-4000
cm™ " with a resolution of 4 cm™"' and 32 scans per sample.
The spectrometer used was a Nicolet 740 FTIR with DTGS KBr

detector and KBr beamsplitter.

Rheological Tests

The rheological tests were carried out using a Haake RS1 rhe-
ometer, with cylindrical type rotors DGH-41-Ti or cone-plate
type C60/1°, depending on the viscosity of the system under
consideration. Aqueous solutions of hydrophobically modified
cationic chitosans with different molecular weights and alkyl
chain lengths were prepared at concentrations of 1.0, 2.0, and
3.0% wt/vol. All rheological tests were conducted at 25°C. The

o L

NH,

v

Figure 2.
carbon atoms.

Mnh\"‘lfu-'§ WWW.MATERIALSVIEWS.COM
1

40300 (3 of 7)

OH
°-(H o

Scheme of the synthesis of cationic chitosan (TC).

results were compared with those obtained using xanthan gum
at a standard concentration of 0.57% wt/vol, where it shows the
appropriate pseudoplastic behavior. Xantham gum is a commer-
cial additive commonly used as rheological modifier in water-
based drilling fluids.

Inhibition of Reactive Clays

The inhibition assay consists in testing the capacity of the addi-
tive to inhibit clay reactivity, and it is performed by evaluating
the size and quantity of cuttings before and after the contact
with the additive solution, under controlled temperature, agita-
tion, and time, following the procedure by Beihoffer et al.'’ In
this test, the clay sample is broken into small bits, which are
previously passed through mesh sieves of 4 and 8 size to stand-
ardize the size of gravel. A mass of 15 g of gravel was placed in
a Baroid cell, followed by the addition of 100 mL of solution
containing the high MW hydrophobically modified cationic chi-
tosans (C16 HMTC) in the concentration range of 1.0-3.0%
(wt/vol). The cells were closed and transferred to a Baroid roller
oven, and remained for 16 h at 60°C. After that time, the cells
were cooled, opened and their contents poured into a second
sieve (mesh 30). The gravels were then carefully washed with
water, transferred to a Petri dish, and dried in an oven at 100°C
during 16 h. The dry material was weighed and then it was
passed through a sieve (mesh 8), weighing the material retained
on the sieve. Blank samples (water) were prepared without the
addition of modified chitosans (C16-HMTC) or PDADMAC,
and also a standard sample with the commercial synthetic cati-
onic polymer PDADMAC was used for comparison. The per-
centage of recovered clay is calculated as the ratio between the
recovered clay weight and the initial weight.

Filtrate Loss Reduction

When evaluating the filtrate loss reduction performance of the
new additives, HPA was replaced by the modified chitosans in the
standard formulation. Evaluation of filtrate volume reduction by
the developed modified chitosans in the fluids under study was

OH
HO 0] s
N A0
R \ NH2
O —

Onde R=C15H31

Scheme of the synthesis of hydrophobically modified chitosan (R-HMC), where R represents a saturated hydrocarbon chain of 8, 14, or 16
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Figure 3.
14, or 16 carbon atoms.

done by adding the different compounds under constant agitation
at 13,000 rpm in a Hamilton Beach Mixer (Model 936), following
the order described in Table S2 (Supporting Information). Once
all the fluid components were added, the speed of the agitator was
increased to 17,000 rpm, for 10 min. The formulated fluid was
transferred to a Baroid cell, and placed in a roller oven for 16 h, at
60°C. After this period, the fluid was cooled to perform the corre-
sponding American Petroleum Institute (API) test, which provides
standard procedures for determining the filtration characteristics
of water-based drilling fluid.** When evaluating the filtrate loss
performance of the new additives, HPA was replaced by the modi-
fied chitosans in the standard formulation.

American Petroleum Institute (API) tests to evaluate the fluids
capacity of reducing the filtrate volume were performed in a fil-
ter press (Fann Instruments, series 387) at high temperature
and high pressure. The fluid was poured into a 150-mL filtra-
tion cell with a filter paper, and tightly closed. The cell was then
placed in the filter press with a heating blanket. A 100 psi pres-
sure was injected into the cell, and filtration started when the
bottom valve of the cell was opened. After 30 min, the valve
was closed and the filtrate was collected in a graduate cylinder.
The filtrate volume is calculated as twice the amount collected
in the graduate cylinder, in mL.

RESULTS AND DISCUSSION

Synthesis and Characterization of Chitosan Derivatives

The introduction of a permanent positive charge by trimethyla-
tion of amine groups in the chitosan molecules leads to deriva-
tive products that are soluble in water in a wide pH range.
Other chitosan derivatives were obtained by nucleophilic substi-
tution reaction between the amino groups of chitosan, and the
carbon of the acyl chloride acid, forming a hydrophobic amide
with a variable length of the hydrophobic segment. The hydro-
phobically modified cationic derivatives are not only water-
soluble, but also became amphiphiles.

The C-NMR spectra of chitosan, before and after modifications,
and the corresponding assignments, are presented in the Support-
ing Information (Figures S1 and S2, Tables S3 and S4). The hydro-
phobically modified cationic chitosan (HMTC) products used in
this work showed hydrophobization degrees of 2.0-2.6% and
degrees of cationization of 22-25%, calculated using eqs. (1) and
(2), and by deconvolution of >C-NMR spectra in the program
Dmfit. In the FTIR spectra (see Supporting Information, Figure
S3), the chitosan spectrum shows OH bands, primary amines
(NH,) in 3420 cm ™', and C=0 bands corresponding to the acetyl
groups from chitosan, since chitin is usually incompletely de-
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Scheme of the synthesis of hydrophobically modified cationic chitosan (R-HMTC), where R represents a saturated hydrocarbon chain of 8,

acetylated. The trimethylated chitosan (TC) spectrum shows the
cationization of the amine group, which can be identified by the
1474 cm™ ! band, from the CH; groups, confirming the formation
of the quaternary ammonium group. The more important bands
in the FTIR spectrum of the cationic and hydrophobically modi-
fied chitosan (HMTC) are assigned to the carbonyl group from
secondary amide (1560 cm™ ') and to alkyl CH, group (2924 and
2853 cm™ '). Other band assignments are shown in Supporting
Information Tables S5-S7.

Rheological Properties of Chitosan Derivatives

Effect of Hydrophobization and Alkyl Chain Length. To evalu-
ate the effect of hydrophobization on rheological properties of
water-soluble high molecular weight chitosan derivatives, the
curves of the dependence of viscosity on shear rate for hydro-
phobically modified cationic chitosans (HMTC, 2% wt/vol) of
different alkyl chain lengths and for trimethylated cationic chi-
tosan (TC) were obtained (Figure 4). Results for xanthan gum
were also included for comparison.

The rheology curve for the non-hydrophobized trimethylated cati-
onic chitosan shows a Newtonian behavior, with almost no change
in viscosity with shear rate. In contrast, hydrophobically modified
derivatives show a pseudoplastic behavior, i.e. high viscosity at low
shear rates and low viscosity at high shear rates, similar to that of
xanthan gum, being the Cl6-derivative the one with the closest
behavior to the one from the standard modifier xanthan gum. The
pseudoplastic behavior was observed for all the hydrophobically
modified polymer solutions, confirming that the presence and size
of hydrophobic segments in the macromolecules are the most
important aspects to be considered in the design of a polysaccha-
ride molecule that could be used as rheological modifier. Bataille
et al. observed a similar rheological behavior in aqueous solutions
of hydrophobically modified carboxymethylpullulan at different
concentrations.'* The authors also found a behavior typical of
pseudoplastic fluids containing polysaccharides, and attributed
this result to the interactions between hydrophobic segments pres-
ent in the modified polysaccharide chain.

Although the variation in the hydrophobic chain length did not
compromise the pseudoplastic behavior of the polymer solutions,
there was a higher increase in solution viscosity at low shear rates
for the polymers with the larger hydrophobic segment (16 carbon
atoms), which can be related to an increase in the strength of the
associative networks derived from hydrophobic interactions. It has
been reported that the hydrophobic groups present in hydrophobi-
cally modified chitosans are associated through intermolecular
hydrophobic interactions, which increase the viscosity of the systems
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Figure 4.  Rheological behavior of high molecular weight chitosan deriv-

atives (2% wt/vol), compared with the one from xanthan gum (used as
standard at 0.57% wt/vol).

at low shear rates.”' In that work, the authors concluded that the
larger the size of the hydrophobic chain, the greater would be the
viscosity of the fluid. These hydrophobic interactions can be
observed when the hydrophobic segment has at least six carbon
atoms. Since this rheological behavior is one of the requirements for
hole cleaning by water-based drilling fluids, it is possible to consider
the hydrophobically modified cationic chitosans synthesized in this
work as promising rheological modifiers for this type of formula-
tions. Hole cleaning is one of the most important functions of a
drilling fluid. The cuttings that are produced by the drilling bit
must be carried by the fluid to the surface. If the hole cleaning pro-
cess is not efficient, serious problems can occur such as getting the
pipe stuck at the well’s bottom, excessive torque or too slow drilling
rates. The drilling fluids capacity to transport the cuttings is given
mainly by its rheological behavior. For this reason, the fluid must
present high viscosities at low shear rates, in order to maintain the
cuttings in suspension when the drilling process is interrupted, and
low viscosities at high shear rates, in order to allow for the fluids
pumping during drilling. This is the pseudoplastic behavior that
must be obtained with the addition of rheology modifiers such as
xanthan gum.” It is important to notice that in this case, one of the
most relevant features of the obtained rheological curve is the high
viscosity presented at very low shear rates.

Effect of Polymer Concentration. The rheological behavior of
the solutions from the best product, i.e. the C16-modified high
MW cationic chitosan was also studied at different polymer con-
centrations. As expected, the results shown in Figure 5 indicate
that the higher the concentration of the hydrophobically modi-
fied cationic chitosan solutions, the higher the viscosity, at all
shear rates. There have been some studies on the effect of poly-
saccharide concentration in the viscosity of the aqueous system.
For example, Desbrieres and Babak reported that hydrophobic
interactions may exist even in solutions with very low concentra-
tions of hydrophobically modified polysaccharides.”’ However,
there is a limiting concentration of the solution at which the vis-
cosity drastically increases compared to the unmodified polysac-
charide. On the other hand, Esquenet et al. confirmed the
formation of these associative networks, demonstrating the extent
at which the concentration of polysaccharide in solution
increases, favoring the formation of inter- and intramolecular
hydrophobic interactions, leading to networks of flower-type
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Figure 5. Rheological behavior of high molecular weight chitosan deriv-

atives at different polymer concentrations (wt/vol), compared with xan-
than gum (used as standard at 0.57% wt/vol).

aggregates, which are responsible for the significant increase in
solution viscosity.”” At low shear rates, the C16-HMTC 2% wt/
vol concentration solution presented the same viscosity as xan-
than gum at 0.57% wt/vol, indicating that it would be necessary
to use a higher concentration of C16-HMCT in order to obtain
the necessary low shear rate high viscosity normally achieved
with xanthan gum. However, 2% is also the concentration that
did lead to good inhibition and filtrate loss results, as will be
shown in the next sections, therefore justifying a fluid formula-
tion with a higher concentration of C16-HMTC.

Effect of Molecular Weight of Polymer. The rheological behav-
ior of Cl6-hydrophobically modified cationic chitosan deriva-
tives with different molecular weights are shown in Figure 6.
The obtained curves show that both chitosan derivatives of high
and medium molecular weight present a rheological curve simi-
lar to the one from xantham gum (pseudoplastic behavior),
suggesting that chitosans of both molecular weights could be
used as rheological modifiers for drilling fluids. Apparently the
low molecular weight chitosan derivatives would produce much
lower viscosities at low shear rates.

Inhibition of Reactive Clays

Chitosan, which is a polysaccharide obtained from the alkaline
deacetylation of chitin, is a natural water insoluble polymer. In
contrast, the trimethylated cationic chitosan derivative (TC) is

100 ——L-C16-HMTC

—a—M-C16-HMTC
—{+H-C16-HMTC
—=—Xanthan Gum

w
o
e
Fy
S
@
> o
0.01 + . - - .
0.01 0.1 1 10 100 1000
Shear Rate (s)
Figure 6. Rheological behavior of C16-hydrophobically modified cati-

onic chitosan derivatives (C16-HMTC at 2% wt/vol) at 25°C, of different
molecular weights, compared with xanthan gum (used as standard at
0.57% wt/vol).
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Table I. Recovered Clay (in %) When Using TC, C16-HMTC, or PDADMAC as Additives

Blank (water) TC C16-HMTC PDADMAC
% wt/vol Mesh 30 Mesh 8 Mesh 30 Mesh 8 Mesh 30 Mesh 8 Mesh 30 Mesh 8
1.0 36+6 14+1 89+1 86+3 85+3 68+ 4 98+1 84+1
2.0 36+6 14+1 90+1 85+7 92+1 80+2 99+1 90+1
3.0 36+6 14+1 93+1 88+1 99+1 93+1 100+1 93+2

water-soluble over the whole pH range. This high solubility in
water is an essential requirement for application of polymers as
inhibitors of reactive clays in water-based drilling fluids. In that
case, the polymer will penetrate into the clays gallery and the
positive charges in the polymer chain of the cationic chitosan
will interact with the negative charges present on interlayer
surfaces, turning the interlayer space hydrophobic and avoiding
the typical expansion of the clays basal spacing that occurs
when the water enters the interlayer space.”

Aqueous solutions containing trimethylated chitosan and hydro-
phobically modified high MW cationic chitosan were used in
the cuttings rolling test for clay inhibition, to assess the influ-
ence of the hydrophobic segment of the molecules on their per-
formance as reactive clays inhibitors (Table I).

These results showed that the hydrophobically modified cationic
chitosans are better inhibitors of reactive clays when compared
to the cationic chitosan (TC), at 3.0% wt/vol concentrations.
Compared with the synthetic cationic polymer PDADMAC, the
hydrophobically modified derivative showed a similar capacity
for inhibition at the highest concentration studied here (3%),
being its performance as good as that of the commercial addi-
tive, at the same concentration value. The clay inhibition tests
give a quantitative estimation of the extent of intergranular
cohesion, and also resistance to hydration and to mechanical
stresses of the cuttings after contact with the inhibition additive
in the fluid. The material collected in Mesh 30 is called dis-
persed material and the one collected in Mesh 8 is called the
intact material. Therefore, C16-HMTC at 2.0 and 3.0% has
shown to be a highly inhibitive additive, producing a low level
of cuttings dispersion and a high final recovery, therefore able
to replace the toxic PDADMAC in water-based drilling fluids.

Filtrate Loss Performance

The results obtained from this API test showed that the pres-
ence of hydrophobically modified cationic high MW chitosan
(C16-HMTC) in the formulated drilling fluid significantly
decreased the volume of filtrate obtained at the concentrations
studied in this work. Filtrate loss volumes were 6.0 mL, 4.8 mL,
and 4.2 mL when using 1, 2, and 3% (wt/vol) of modified poly-
mer, respectively. All the values were below the blank filtrate
loss (10 mL), and comparable to that obtained with the com-
mercial additive HPA (at 4% w/v, filtrate loss volume = 4.8
mL), commonly used in the formulation of drilling fluids.

CONCLUSIONS

The results showed that the hydrophobically modified chitosan
derivatives obtained in this work are promising substitutes for
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several additives used in commercial formulations of water-based
drilling fluids. These derivatives of chitosan showed pseudoplastic
behavior in the concentration range studied. The results indicated
that a product with C16 segments, 2% (wt/vol) concentration
and high molar weight led to aqueous solutions with a pseudo-
plastic behavior equivalent to the one presented by a xantham
gum solution, that is the commercial rheology modifier regularly
used in water-based drilling fluids. Therefore, the results show
that there is a good potential for cationic and hydrophobically
modified chitosans to be used as rheology modifiers for water-
based drilling fluids. When compared with the toxic commercial
cationic  polymer  pollydiallyldimethylammonium  chloride
(PDADMAC), the high MW hydrophobically modified cationic
chitosan (C16-HMTC) showed the same excellent capacity for
inhibiting the clays reactivity and for keeping the cuttings integ-
rity, at the same concentration. The results obtained from the
fluid loss control test showed that this hydrophobically modified
cationic chitosan also significantly decreased the volume of fil-
trate of the formulated drilling fluid, leading to values compara-
ble to the ones obtained with the commercial additive HPA,
commonly used in those formulations. Therefore, the obtained
modified polysaccharides are promising candidates for replacing
commonly used additives, in a more environmentally benign
approach for water-based drilling fluids.

REFERENCES

1. Lummus, J. L; Azar, J. J. Drilling Fluids Optimization: A
Practical Field Approach; PennWell Books: Tulsa, OK, 1986.

2. Caernn, R.; Darley, H. C. H.; Gray, G. R. Composition and
Properties of Drilling and Completion Fluids, 6th ed.; Gulf
Professional Publishing (Elsevier, U.S.A.), 2011.

3. Souza, C. E. C.; Nascimento, R. S. V. J. Therm. Anal. Calo-
rim. 2008, 94, 579.

4. Caenn, R.; Chillingar, G. V. J. Petroleum Sci. Eng. 1996, 14,
221.

5. M’bodj, O.; Kbir Ariguib, N.; Trabelsi Ayadi, M.; Magnin, A.
J. Colloid Interface Sci. 2004, 273, 675.

6. McWilliams, D.; Rogers, J.; West, T. Polym. Sci. Technol.
1973, 2, 105.

7. Shah, A. K; Ashtaputre, A. A. J. Ind. Microbiol. Biotechnol.
1999, 23, 442.

8. Hamed, S. B.; Belhadri, M. J. Petroleum Sci. Eng. 2009, 67, 84.
9. Ping, L.; Wang, Z.; Wei, J. J. Hydrodyn. Ser. B 2006, 18, 405.

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.40300


http://onlinelibrary.wiley.com/
http://www.materialsviews.com/

ARTICLE

10.
11.
12.

13.
14.

15.
16.

17.

Mah\"‘lfu-'§ WWW.MATERIALSVIEWS.COM
1

Salehi, S.; Hareland, G.; Nygaard, R. J. Petroleum Sci. Eng.
2010, 72, 229.

Bratskaya, S.; Avramenko, V.; Schwarz, S.; Philippova, 1. Col-
loids Surf. A 2006, 275, 168.

Taylor, K. C.; Nasr-El-Din, H. A. J. Petroleum Sci. Eng. 1998,
19, 265.

Candau, E; Selb, J. Adv. Colloid Interface Sci. 1999, 79, 149.
Bataille, I.; Huguet, J.; Muller, G.; Mocanu, G.; Carpov, A.
Int. J. Biol. Macromol. 1997, 20, 179.

Rinaudo, M.; Auzely, R.; Vallin, C.; Mullagaliev, I. Biomacro-
molecules 2005, 6, 2396.

Onesippe, S. Lagerge, M. Carbohydr. Polym. 2008, 74, 648—
658.

Domard, A.; Rinaudo M.; Terrassin C. Int. J. Biol. Macromol.
1986, 8, 105.

WILEYONLINELIBRARY.COM/APP

18.

19.

20.

21.

22.

23.

40300 (7 of 7)

CIENCE

Le Tien, C.; Lacroix, M.; Ispas-Szabo, P.; Mateescu, M. A. J.
Controlled Release 2003, 93, 1.

Beihoffer, T. W,; Dorrough, D. S.; Schmidt, D. D. Presented
at the IADC/SPE Drilling Conference, Texas, 1990, SPE
paper 19953.

.American Petroleum Institute (API), RP13B-1/ ISO 10414-
1:2008, recommended practice for field testing of water-
based drilling fluids — filtration.

Desbrieres, J.; Babak, V. G. Polym. Int. 2006, 55, 1177.

Esquenet, C.; Terech, P; Boué, E; Buhler E. Langmuir 2004,
20, 3583.

Zhang, L. M.; Chen, D. Q. J. Appl. Polym. Sci. 1999, 74,
3088.

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.40300

Applied Polymer -


http://onlinelibrary.wiley.com/
http://www.materialsviews.com/

	l

