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ABSTRACT: Water-based fluids for drilling wells are an environmentally friendly alternative to oil-based formulations typically used in
the oil industry. Aqueous mixtures of nonionic monoglyceride surfactants (C6, C8, C10, C12, and C18 carbon chains) and xanthan
gum (XG) were investigated with that purpose, correlating their lubricity and solubility in water, as well as using surface tension and
contact angle measurements. The results showed that monoglycerides behave as excellent lubricants in water, with a steady decrease
of the friction coefficient as the hydrocarbon chain length increased. Monoglycerides were able to reduce the friction coefficient even
further when used in XG suspensions, suggesting that they are probably forming a complex with the polysaccharide that shows a syn-
ergy toward their performance as lubricants. Experiments of adsorption onto iron oxide nanoparticles also produced evidence of the
interaction between these molecules, which favors their adsorption on the metal surface. These results indicate that interactions
occurring in solution between the surfactants and the polysaccharide are crucial in the mechanism of action of these mixtures as

lubricants in water-based drilling fluids. © 2014 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2014, 131, 41085.
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INTRODUCTION

Lubrication technology has been drawing a lot of attention in
the last decades, and among the most important new products
are the water-based lubricants, which have been developed
mainly due to their ecological advantages, biodegradability, and
low toxicity.! Water-based lubricants have been used in many
industrial fields such as in metal working processes, biological
systems, and drilling fluids.”? The drilling fluids have an
extremely important role in the drilling process of an oil well,
where the fluid is circulated continuously during the entire pro-
cess and the type of fluid to be used depends on the type of
rock being drilled and the trajectory of the well. One of the
major challenges in drilling fluids technology comes from the
use of water-based fluids for drilling wells that require higher
lubricity, such as in directional wells.”> While oil-based fluids
present a naturally low friction coefficient (FC),° water-based
fluids need lubricant additives that would be able to reduce the
frictional resistance.

Commercial liquid lubricants for water-based drilling fluids can
include different types of chemicals such as glycols, glycerides,
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fatty acids, esters, phosphates, poly(ethylene glycol) derivatives,
and surfactants.”® It is believed that those systems should be
able to form a film strongly attached to the surfaces to be lubri-
cated, and for that adhesion, lubricants should present polar
groups, for example, hydroxyls, in their chemical structures.”'°
Reports from the literature also mention the importance of the
presence of hydrophobic segments, such as alkyl groups, in the
structure of the lubricant.'®'" Therefore, an efficient lubricant
for water-based systems should have a chemical structure simi-
lar to that of surfactants, with an amphiphilic structure present-
ing hydrophilic heads and hydrophobic tails.""**?

Monoglycerides are molecules that exhibit an amphiphilic struc-
ture, with polar and nonpolar segments.'>'* These compounds
are classified as nonionic surfactants, and are widely used in
pharmaceutical, food, and cosmetics industries as emulsifiers,
emollients, and also lubricants for aqueous systems.”'> Accord-
ing to Boschkova,'® the hydrophilic heads of monoglycerides
will adsorb on the metal surface, and the alignment and aggre-
gation of the surfactant molecules will form monolayers of
multi (liquid crystalline) layers, leading to a good boundary
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Scheme 1. Transesterification reaction of fatty acid methyl esters with 1,2-
o-isopropylidene glycerol (solketal) and the deprotection reaction.

film formation and improving lubricity. Sonmez et al.® tested
three different types of chemical commercial lubricants in water-
based drilling fluids formulations, which are glyceride, triglycer-
ide, and glycol based. The glyceride-based lubricant showed the
best performance, but it was not discussed which chemical char-
acteristics led to the better performance of the lubricant. It has
also being mentioned in the literature that lubricants for water-
based drilling fluids should present low water solubility."* How-
ever, the effect and the importance of the water solubility of
lubricants on the performance of these fluids have not been
properly discussed in the relevant works of the field.

Preliminary studies performed in our laboratories have shown
that lubricants with surfactant-like chemical structures presented
a much better performance when in the presence of polysaccha-
rides.'” Xanthan gum (XG) was chosen for this study because it
is often used as a rheology modifier for water-based drilling fluid
formulations.'® We believe that the solubility of a lubricant in the
aqueous medium can strongly affect its performance, since the
lubricant molecules will continuously adsorb and desorb from
the metal surfaces when in contact with water.>'” There is a great
interest on polymer/surfactant systems due to their physicochem-
ical properties at different possible combinations, forming com-
plexes from the occurrence of strong interactions between their
polar sites.'”* The formation of a monoglyceride—polysaccharide
complex would probably help to disperse the less-soluble surfac-
tants in the aqueous medium, making possible for them to act as
lubricants.”? Therefore, the lubrication mechanism of aqueous
solutions can be very complex, and it is not well known yet.

The main objective of this work is to study the synergy between
modified glycerides and xantham gum toward better lubrication
performance in water-based fluids, thus contributing to a better
understanding of the mechanisms involved in the lubrication of
metal parts by surfactant-polysaccharide systems. We chose a
series of glyceride surfactants, since their structures would allow
for a systematic change in their water solubility. The synthesized
surfactants were evaluated by adsorption, surface tension, and
wettability measurements, and the results were correlated with
the lubricity performance.

EXPERIMENTAL

Materials

Hexanoic, octanoic, decanoic, lauric, oleic, and p-toluenesulfonic
(PTSA) acids, as well as the solvents and other reagents (CHCl;,
NaOH, NaCl, Na,COs3, ethanol, isopropanol, and ether), were
acquired from VETEC SA (Brazil), being all of analytical grade.
Methyl hexanoate, octanoate, decanoate, laurate, and oleate
esters; 1,2-isopropylidene-glycerol (solketal); Amberlyst 15 wet,
and iron oxide (II, IIT) nanoparticles (d <50 nm), were acquired
from Sigma-Aldrich (Brazil). Tetrahydrofuran (THF) and CDCl;
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were purchased from Tedia of Brazil. Commercial lubricant
DP400 (lubricant frequently utilized by the oil industry for the
formulation of water-based drilling fluids) was acquired from
Dhaymers (Brazil). XG was a courtesy from CENPES/PETRO-
BRAS. All reagents were used as received.

Monoglyceride Synthesis

In order to reduce costs, the monoglycerides could be obtained
from the esterification reaction between fatty acids and glycerol.
However, this reaction produces a mixture of mono, di, and tri-
glycerides, depending on the ratio of reagents. On the other
side, it would be important to obtain exclusively monoglycer-
ides, to be able to evaluate the effect of the number of hydroxyls
present in the lubricant structure on the lubricant performance.
For that purpose, a commercial protected glycerol, solketal, was
used in the synthesis, as shown in Scheme 1.

The production of monoglycerides with 6, 8, 10, and 12 carbon
atoms chains (C6, C8, C10, and C12), and one with 18 carbons
and one unsaturation (C18 : 1), were prepared by a transesteri-
fication reaction procedure described by Yu et al,” modifying
the first reaction step at a temperature of 180°C, reaction time
of 5 h, and a solketal : metyl ester molar ratio equal of 3 : 1.
The transesterification reaction that leads exclusively to mono-
glycerides is shown in Scheme 1. Fourier transform infrared
spectroscopy (FTIR) spectra of reaction products were obtained
with a NICOLET Magna-IR 760 and '>C NMR spectra with a
BRUKER DRX-200 (50 MHz for '*C).

The monoglycerides synthesized differ from each other in the
hydrocarbon segment size and are identified by the following
nomenclature: glycerol monoesters or monoglycerides were
called MonoCx, where x is the number of carbon atoms in the
hydrocarbon segment.

Triglycerides Synthesis

The triglycerides with C6, C8, and C10 alkyl chains were pre-
pared by esterification reaction. The fatty acid (C6, C8, and
C10) and glycerol with molar ratio 5 : 1 were mixed with PTSA
catalyst, at 2 wt % in relation to the acid mass, and the mixture
was submitted to vigorous stirring. The reaction was performed
at 130°C in inert atmosphere by bubbling nitrogen gas into the
reaction mixture, in an oil bath. After 5 h, the content of the
reactor was repeatedly washed with ethanol, chloroform and
NaOH 10 wt % solution, for the purification step. The organic
phase was evaporated, and the triglycerides obtained were char-
acterized by >C NMR and FTIR. The esterification reaction to
obtain the triglycerides is shown in Scheme 2.

R
OH 0=
PTSA 0
3 RCOOH + OH —-—= o +  H,O
=0

OH O R
o=
R

R= CsH“ or CTHIS or C9H|9

Scheme 2. Esterification reaction of fatty acids with glycerol.
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The triglycerides synthesized differ from each other in the
hydrocarbon segment size and are identified by the following
nomenclature: glycerol triesters or triglycerides were called
TriCx, where x is the number of carbon atoms in the alkyl seg-
ment. The TriC12 and TriC18 : 1 obtained were difficult to
purify, therefore were not used in the study.

Lubricity Measurements

Monoglycerides (C6, C8, C10, C12, and C18:1) in aqueous solu-
tions and XG suspensions were prepared at 0.25, 0.5, 1.0, 1.5,
2.0, and 3.0 wt % concentrations, and the FC of these systems
was measured. The monoglycerides, triglycerides (C6, C8, and
C10), and the commercial lubricant DP400 aqueous solutions
were added to a 0.43 wt % (1.5 1b/bbl) water suspension of XG
(XG) and after 5 min of mixing at 16,000 rpm, the lubricity of
the systems was measured. All solutions were prepared at pH 9—
10, since drilling fluids are always formulated at alkaline pH.
Lubricity measurements were performed in a Fann Lubricity
Tester Model 21200 equipment. The test is performed applying
a 150 N force to a system comprising a block and a ring spin-
ner kept at 60 rpm. The ring-block friction system is immersed
in a vessel containing the fluid to be evaluated, and simulates a
metal-metal type of friction, measuring the torque that is
directly related to the value of the FC in a boundary lubrication
regime. The apparatus was previously calibrated with distilled
water, of FC 0.34.

Solubility Measurements

The water solubility experiments were performed in a glass
reactor of 0.1-L capacity, Easy-Max Mettler Toledo model,
coupled to a FTIR with a probe for attenuated total reflectance
(ATR). Fifty milliliters of water were added to the Easy-Max
reaction vessel, and successive additions of monoglycerides (C6,
C8, Cl10, and C12 and C18 : 1) were made. Temperature was
maintained at 25=*0.1°C, and the stirring rate was kept at
200 rpm. The infrared probe identifies only the component that
is in solution, and the solubility is measured at the maximum
absorption signal obtained. The lubricant solubilization in water
was monitored by the change in the size of the carbonyl band
signal (1750-1600 cm™') after each lubricant addition. After
each addition, the new absorption signal is compared with the
previous one. This technique is frequently used for characteriza-
tion of substances and monitoring chemical reactions.”> How-
ever, only few citations are found in the literature using ATR-
FTIR spectroscopy for the measurement of solubility.***>

Surface Tension Measurements

Surface tension () measurements were performed with a tensi-
ometer K12 (KRUSS GmbH, Germany) using the Du Nouy ring
method, with an instrumental error of 0.1 m N m™ . All meas-
urements were done at 25°C. Surface tension measurements
were used to determine interfacial properties and critical micel-
lar concentration (CMC) values of C6, C8, and C10 monogly-
cerides in aqueous solutions (the other compounds were not
sufficiently soluble in water). The surfactant was progressively
added to either water or an aqueous suspension containing XG
at pH 9-10. Since the addition of the polysaccharide consider-
ably increases the viscosity of the solution, making more diffi-
cult and unreliable the surface tension measurements, the XG
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concentration was adjusted to the maximum possible value
(0.15 wt %). The mixture was stirred for 3 min, and left to rest
for another 5 min before the measurement. The CMC values
for surfactant alone and in the presence of the polysaccharide
were estimated as the breakpoints in the y vs logC,, plot.

Contact Angle Measurements

Contact angle measurements were performed using an auto-
matic goniometer (Data Physics, model SCA-20) and the ellipse
fitting method. Lubricant solutions of C6, C8, and C10 mono-
glycerides (1.0 wt %), in water and in 0.15 wt % XG suspen-
sions at pH 9.0, were dispensed as drops on a polished metal
surface, using a syringe (d=1.65 mm). The contact angle was
then measured as a function of time, during 1 min. The XG
concentration used was 0.15 wt % because, above this value,
high viscosity of the solutions can hinder contact angle
measurements.

Adsorption Measurements

Adsorption measurements of lubricants in aqueous solutions on
iron oxide nanoparticles surfaces, at the concentration range
from 0.05 to 5 wt %, were only possible for C6, C8, C10, and
C12 monoglycerides, since C18 is not sufficiently soluble in
pure water. Monoglycerides (C6, C8, C10, C12) and the triglyc-
eride C10 water systems, at the same concentrations as above,
were added to a 0.43 wt % XG aqueous suspension. To each
system, 1 g of iron oxide nanoparticles was also added. Aqueous
suspensions of XG at known concentrations (in a range from
0.2 to 2 wt %), and iron oxide nanoparticles systems, were also
analyzed. All systems were prepared at pH 9-10. The iron
oxide/lubricant and the iron oxide/lubricant/XG suspensions
were shaken in a water bath at 25°C for 2 h. Afterward, the sus-
pensions were centrifuged at 3500 rpm and washed twice with
Milli-Q water. The solids were oven-dried at 100°C, and the
adsorption was quantified by elemental (CHN) analysis, using a
Thermo Finnigan apparatus (FlashEA 1112).

RESULTS AND DISCUSSION

Monoglycerides and Triglycerides Characterization

The structure of the monoglycerides and triglycerides synthe-
sized was confirmed through FTIR and CNMR analysis. The
13C chemical shifts (8) in CDCl; relative to tetramethylsilane
(TMS) were quite similar for the different esters: 6 = 174.5 ppm
(RCOOR') for the monoglycerides and 6 =62 ppm (C-1(3),
CH,O0) and 6 =69 ppm (C-2, CHO) for the triglycerides. The
FTIR spectra showed characteristic peaks at 3411 cm™' (OH)
and at 1740 cm™' (C=0) for the monoglycerides, and only at
1740 cm ™' (C=0) for the triglycerides.

Lubricity Measurements

The FC for the monoglycerides in water solutions and in XG
suspensions at different lubricant concentrations are shown in
Figure 1(a—e). The FC measurements for XG suspensions at sev-
eral concentrations were also performed, and the results are
shown in the same figure. The results show that the XG alone is
not able to promote lubricity.

Figure 1(a) shows that monohexanoate of glycerol, either in
water or in the XG suspension, is not able to reduce signifi-
cantly the FC of the systems. However, all the other
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Figure 1. FC for XG suspension, monoglycerides in water solutions and in 0.43 wt % XG suspension as a function of lubricant concentration. (a)
MonoC6, (b) MonoC8, (c¢) MonoC10, (d) MonoC12, and (e) MonoC18:1. [Color figure can be viewed in the online issue, which is available at wileyon-

linelibrary.com.]
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Table I. Friction Coefficient for Monoglycerides, Triglycerides, and DP400
(2 wt %), in 0.43 wt % XG Suspension

Monoglycerides FC  Triglycerides FC ~ Commercial FC

MonoC6 0.28 TriC6 0.31 DP400 0.15
MonoC8 0.09 TriC8 0.28

MonoC10 0.08 TriC10 0.28

MonoC12 0.05 -

MonoC18:1 0.04 -

monoglycerides reduce drastically the FC in water, when in con-
centrations above 0.5 wt %. The results also show that these
monoglycerides reduce the FC even further when in the XG sus-
pension, suggesting that they are probably forming a complex
with the polysaccharide, leading to a synergistic effect. This
decrease of the FC is also much more significant for the mono-
glycerides with longer alkyl chains (C12 and C18 components
of the series) than for those with shorter alkyl chains.

The FC for all the monoglycerides and triglycerides, as well as
for the commercial product DP 400, at a concentration of 2 wt
% are shown in Table I.

According to these results, all the monoglycerides with hydrocar-
bon chains longer than C6 are excellent lubricants when in the
presence of XG, being able to decrease the FC of water from 0.34
to values lower than that of the commercial lubricant DP400
(0.15). The monooleate of glycerol (MonoCl18:1) presented the
best performance, with an FC of 0.04, which is even lower than
that shown by oil-based drilling fluids (0.05).° The order of effi-
ciency found for the monoesters lubricants synthesized in the
present work was C18: 1> C12 > C10 > C8 > C6. The results also
show that the triglycerides are not able to reduce the water FC,
probably due the absence of hydroxyl groups in their structure
that would prevent the film formation at the metal surface. Other
works from the literature have also shown the importance of the
presence of OH groups in the glyceride molecular structure.'®"?

Solubility Measurements

In order to evaluate the effect of the glycerides solubility in
water on their lubricating performance, the solubility of glycer-
ides was measured using FTIR-ATR spectroscopy.

The solubility measurements were performed analyzing the car-
bonyl signal, which increases with the solubilization of the
lubricant until the saturation point of the lubricant in the aque-
ous solution is reached, and the signal becomes constant. Figure
2 shows the saturation point for the monohexanoate of glycerol
in water, at the point where the carbonyl signal becomes con-
stant, for example, when the area of the C=0O band reaches 6.3
absorbance units (A.U).

It was not possible to measure the solubility of the monooleate
of glycerol, due to the fact that its water solubility is lower than
the detection limit of the equipment. All the other monoglycer-
ides (C6—C12) had their solubility in water quantified. To ana-
lyze the ester concentration in the aqueous medium, a
calibration curve for the carbonyl absorption (1750-1600 cm™ ")
was constructed for each monoglyceride. They relate the mass
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of lubricant in solution to the absorption band area for the car-
bonyl during the dissolution process of the lubricant in water at
25°C, before reaching the saturation point. All the analyzed
lubricants presented a calibration curve, at low concentrations,
whose quadratic correlation coefficient was higher than 0.99,
indicating a good linear relationship with the mass of lubricant
added. The equilibrium concentration of the lubricant in solu-
tion was obtained by measuring the mass of lubricant which
saturates the system, and it was calculated from the area of the
carbonyl band as a function of the mass of lubricant. The mass
of lubricant that saturated the system was calculated from the
respective calibration curves. The saturated mass is the point on
the curve where the area becomes constant minus the linear
coefficient found. This value is divided by the angular coeffi-
cient to obtain the saturated mass. The values found were 5.76,
1.56, 1.26, and 0.49 g for the C6, C8, C10, and C12 monoesters,
respectively. These masses were solubilized in 50 mL of water so
11.5, 3.1, 2.5, and 0.98 wt % are the C6, C8, C10, and CI2
lubricants solubilities in water. As expected, the solubility
decreases with increasing hydrocarbon chain size.

The results of monoglycerides solubility in water contributed to
a better understanding of its effect on the lubricants perform-
ance. For the monoglycerides with C8, C10, C12, and Cl18 car-
bon chains, there is a steady decrease of the FC with the
increase of the hydrocarbon chain length. However, the C6
derivative presents a much higher FC than it would be expected
for a difference of just two carbon atoms in the chain, as com-
pared with the C8 monogliceride result. This finding can be
explained by the results of lubricants maximum masses solubi-
lized in water, where C6 presents a much higher solubility in
water than the other monoglycerides, indicating that six carbon
atoms would be a critical chain length. It can be noticed that
there is a direct correlation of FC and water solubility for Co6,
C8, C10, and C12 monoesters (Figure 3). These results led us to
conclude that the FC is highly dependent on the solubility of
the lubricant in the aqueous medium, and the dependence on
the hydrocarbon chain length is a consequence of the fact that
increasing the chain length decreases the solubility. Our results
are in agreement with the literature that shows that the

=0
o

Area of the band C

0 e

a1 26 5.1 76 101 126 151 176 201 226 251 276

Time (min)
Figure 2. Dependence of the absorption band area for the C=0 group at
1750-1600 cm ™' with the time for solubilization of monohexanoate of
glycerol in water. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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Figure 3. FC as a function of mass of monoglycerides solubilized in water.

lubrication effectiveness depends on the molecular chain length
of the lubricant. However, none of those reports do relate their
findings with the water solubility of the lubricants.'**

zation, once the CMC is reached [Figure 4(a—c)]. It is interest-
ing to note that the lower 7 values, corresponding to
concentrations above CMC, decrease as the hydrocarbon chain
increases in the monoglyceride, that is, ycmc (C6) > yomc
(C8) > ycmc (C10). This can be explained based on the conse-
quent increase in hydrophobicity in the surfactant molecule,
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Figure 4. Surface tension of surfactant aqueous solutions in the absence and in the presence of XG (0.15 wt %). (a) MonoC6, (b) MonoC8, and (c)

MonoCl10.
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Table II. Critical Micellar Concentrations (CMC) and Surface Tension (y) Values at CMC of Monoglycerides in the Absence and in the Presence of 0.15
wt % XG

Monoglycerides CMC in water (M) yeme (mN/m) CMC in XG (M) yeme (mN/m)
MonoC6 1.74 x 1074 46.6 279 x 1074 57.5
MonoC8 1.70 x 1074 40.1 6.4 x 1074 37.8
MonoC10 0.63 x 1074 36.3 6.8 x 1074 28.6

leading to a higher surface activity. Accordingly, the CMC val-
ues follow the same trend, since more hydrophobic molecules
will aggregate at lower concentrations in aqueous solutions
(Table 1II).

Conversely, the surface tension isotherms in the presence of XG
showed a marked difference, compared to the pure aqueous sur-
factant solutions [Figure 4(a—c)]. While for C6 monoglyceride,
the surface tension is barely modified, the profiles are greatly
affected for C8 and C10 monoglycerides. This behavior resembles
well typical profiles for strongly interacting polymer : surfactant
mixtures,'” which suggests the formation of monoglyceride : xan-
tham gum complexes both at the interface and in solution. The
low final values in surface tension (ycmc), close to those of the
surfactant, also confirm this hypothesis. In addition, the CMC
values in the presence of the polysaccharide are shifted to higher
concentrations in the C8 and C10 systems, while in the C6 mix-
ture it remains almost unaltered. The shift in CMC is more pro-
nounced in the case of monodecanoate of glycerol, showing a
decrease in one order of magnitude (Table II).

Contact Angle Measurements

The contact angle measurements for the lubricants at 1.0 wt %
in water are shown in Table III. The contact angle for pure
water was 79.8°, used as a reference value since pure water is
considered to have no affinity for the metal surface. The results
showed that the aqueous solutions of C8 and C10 monoglycer-
ides have a greater affinity (smaller contact angles) for the metal
surface than that of C6 monoglyceride. The monohexanoate of
glycerol is very soluble in water so its affinity for the aqueous
medium would be greater than for the metal surface.

This behavior was confirmed in the results obtained using XG
suspensions of the monoglycerides. While the polysaccharide
alone produced only a slight decrease of the contact angle
(compared to the one of water), the complexes between XG and
the longer-chain monoglycerides were able to reduce it to values
below 10, showing an excellent interaction of the monoglycer-
ide—XG complex with the metal surface. Similarly to the results

Table III. Contact Angle Measurements of Monoglycerides in Water and
in XG Suspensions

in water, the MonoC6/XG suspension was not able to reduce
the contact angle, largely remaining in solution.

Adsorption Measurements

The carbon masses corresponding to the mass of glycerides
adsorbed from water solutions and XG suspensions onto the
iron oxide nanoparticles (wt %) were converted into mols, and
adsorption curves were constructed [Figure 5(a,b)].

The results shown in Figure 5(a) indicate that the affinity of the
water soluble lubricants for the metal surface increases with the
size of the hydrocarbon chain of the additive. As expected, the
adsorption of MonoC6 from water solution was extremely low,
mainly if compared with the results from the higher hydrocar-
bon chain monoglycerides. This is probably due to its very high
water solubility, which favors desorption from the iron surface.
This low degree of adsorption is probably responsible for its
low performance as a lubricant, as was seen in the lubricity
results (Table I).

The adsorption curves in Figure 5(a,b) allow a comparison
between the adsorption behavior between aqueous and XG sys-
tems, showing that the C8 and C10 monoglycerides present a
similar behavior in both media. These results are in agreement
with the lubricity results, where these two glycerides have shown
similar behavior, mainly at concentrations higher than 0.25 wt
%. These results also show that at 2.0 wt % concentration both
glycerides have reached the curves plateau in either media. Con-
versely, MonoC12, which has a very low solubility in water,
presents a completely different behavior in the XG suspension, as
compared with the MonoC8 and MonoCl0, since it continues to
adsorb on the metal surface, even at much higher concentrations.
These results indicate that XG has a crucial effect on the C12
glyceride water dispersion, which probably determines its per-
formance as a lubricant. The XG : C12 complex formed would
be more hydrophilic than the MonoCl12 alone, allowing a better
dispersion in water of the otherwise almost insoluble glyceride,
and consequently, greatly improving its lubricity performance (as
shown in the experimental results in Table I).

It is interesting to note that the pure XG is not able to signifi-
cantly absorb on the metal surface, as shown in Figure 5(c), in
contrast with the XG : C12 complex behavior. It is thus sug-
gested that, despite the fact that the complex formation allows
for a better dispersion in water of the monoglyceride, it also

Agueous Contact XG Contact o T oo .

solutions angle (°) suspensions angle (°) decreases the solubility of the polysaccharide in water, which
favors the adsorption on the metal surface, and therefore the

Water 77.0 XG 69.3 performance as a lubricant.

MonoC6 64.5 MonoC6+XG 63.7 A 4 th . h 2 C10 hvd b hain al

MonoCS 137 MonoC84XG 96 s expected, the triester with a C ydrocarbon chain also
showed a very low affinity for the iron surface, since its struc-

MonoC10 129 MonoC10+XG 7.4
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ture does not present any hydroxyl groups for its anchorage on

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.41085


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

ARTICLE WILEYONLINELIBRARY.COM/APP Applied Polymer
14 14
s ] g
::._.'3 12 XMonoC6in water E 1.2 1 SN i
E_ | OMonoCSin water § OmonoC8with XG
E AMonoC10in water £ 11 AmonoC10with XG A
c 1| smonoc2inwater § AnomoC12uwith XG
o_ 08 o 081
£z E_ olriC10with XG 4
£ ==
k-] E 0.6 1 9 g 0.6
i E
g 2
g 04 > & 041 A
© T
€ A A 3 A s
$ 021 A a a a § 021 ‘4 A A . "
3 94 : 2 S R §
T s * x X . 2 0w L g $ :
-l
0 1 2 3 4 5 0 1 2 3 4 5
Lubricant Concentration (wt%) Lubricant Concentration (wi%)
(a) (b)
20
g
b 1751 | aMonoC12with XG
A
2 R
3
© A
&
ﬁ 12.5
g A
E 10 -
§ 751
= A
Q
£ 5 -
]
%
@ 25
g S .
™
£ pede 7 : . ,
© 0 1 2 3 4 5

Lubricant and XG Concentration (wt%)

(c)

Figure 5. Adsorption curves of: (a) glycerides MonoC6, MonoC8, and MonoCl10 in water, (b) glycerides MonoC6, MonoC8, MonoC10, and TriC10 with

XG, (c) glycerides MonoCl12 with XG.

it. The tests were performed only for the tridecanoate of glyc-
erol, but all the triglycerides are expected to have a low affinity
for the iron surface or for the XG due to the absence of free
hydroxyls groups.

CONCLUSIONS

The results from the study of the aqueous mixtures of nonionic
monoglyceride surfactants and XG showed that the interactions
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occurring between these molecules are very important for their
mechanism of action as lubricants in water-based drilling fluids.
Experiments using tensiometry, contact angle, adsorption onto
iron oxide nanoparticles, and lubricity tests produced evidence
of the formation of a complex between those molecules that
favored their adsorption on the metal surface. While monogly-
cerides with C8, C10, C12, and Cl18 carbon chains showed to
be excellent lubricants in aqueous medium, with a steady
improvement of their performance with the decrease of their

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.41085


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

ARTICLE

water solubility, the C6 derivative presented a much poorer per-
formance, probably due to its much higher water solubility.
Therefore, a monoglyceride to be used as a water-based lubri-
cant under these conditions, should have a hydrocarbon chain
longer than six carbon atoms, in order to stay adsorbed on the
metal surface and ensure an appropriate lubricant film forma-
tion. Monoglycerides were able to reduce the FC even further
when used in XG suspensions, suggesting that they are probably
forming a complex with the polysaccharide that shows a synergy
toward their performance as lubricants. The monooleate of glyc-
erol (MonoC18 : 1) and monolaurate of glycerol (MonoCl12)
interacted better with XG, and exhibited excellent reduction of
water FC compared to the others monoglycerides analyzed. The
formation of the polysaccharide—surfactant complex improved
their efficiency as lubricants because it helps to disperse the oth-
erwise poorly soluble lubricants into water, allowing for further
adsorption on the metal surface. The results obtained in this
work also confirmed that the presence of one or more free OH
groups in the polar segment of the molecular structure is very
important for the lubricant to adsorb strongly on the metal sur-
face or to interact with XG.
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