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APPLICATION OF A NOVEL ASSOCIATIVE POLYMER
ON SYNTHETIC-BASED DRILLING MUDS
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This paper aims at evaluating the flat-rheology performance of a novel associative polymer
(AP) on synthetic-based drilling muds (SBM) for deepwater drilling and exploring the mode
of action. The associative polymer was synthesized by dimer acid, triethylenetetramine and
polyoxyethylene lauramine on the basis of chemical modification in aqueous, and the adjusting
rheology performance of AP was evaluated through mud making tests at two densities and oil/
water ratios (OWR). The results show that AP performs extremely well on adjust the rheology
of SBM within a broad temperature range from 4°C to 65°C, especially for the key rheological
parameters of deep-water drilling, such as yield point, gel strengths and 6-rpm reading. Based on
a combined use of FT-IR, XRD, particle-size distribution, polarizing microscope, rheology test of
emulsions and TEM analysis, the probable flat rheology mechanism was determined due to the
specific adsorption structure at interphase. The results indicate that the enhancement of slippage
between the dispersed droplets and the layer of organic clay is primarily responsible for the
excellent adjusting rheology ability of AP.
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1. Introduction

Deepwater drilling fluids technology is a hot and
difficult spot in the field of deep-water drilling all
over the world. For the reason that the temperature
is below 5 °C in deep water, so the drilling fluids
will rapidly cool down and even be gelling. It finally
causes the increase of the viscosity, the equivalent
circulating density, fluid column pressure and even
complicated down-hole problems. So, it is significant
to maintain drilling fluids flat-rheology in a broad
range of temperature to prevent lost circulation and
other accidents [1,2]. Now, synthetic-based drilling
fluids are widely used in deep-water drilling for its
practicality and reliability.

Van Oort (2004) and Rojas (2007) provided
an unique stability of rheological properties of
these very special fluids. They pointed out that
the «flat-rheology» of the drilling muds remained
relatively stable yield point, gel strengths, 6-rpm
reading in a large range of temperatures (4 °C ~
65 °C) [3,4]. The stability of «flat-rheology» drill-
ing muds (FR-SBM) was steadily improved with
rheology modifiers improving, and it was applied
successfully in the South China sea (2009) and the
Gulf of Mexico (2012) [5-7]. However, their research
more focused on the improvement of drilling
muds system and engineering applications. Robert
Schlemmer (2011) [8] had cited the studies on rheol-
ogy and dynamics of associative polymers in shear
and extension by Tripathi [9], which offered a pos-
sible view of the energy landscape for the detach-
ment of a terminal hydrophile of an associative
polymer. However, little information has been done

on the critical rheology modifier, and their studies
were lack of systematic research and the targeted,
moreover, there were no detailed analysis mecha-
nism of the associative polymer in water in oil (C,,
liner alpha olefin) emulsions.

This paper focuses on that how to adjust and sta-
bilize the rheology of synthetic-based invert emulsion
drilling fluids at low temperature with a novel associ-
ative polymer. First, the associative polymer (AP) was
synthesized by the method of macromolecular chem-
ical modification. Next, the influence of polymer was
researched on the rheological properties of the emul-
sions at low temperature. Finally, the adsorption char-
acteristics of the polymer between the interfaces of
clay and dispersed droplets were analyzed, and then,
the probable flat rheology mechanism was deduced
after summarizing thoroughly this paper.

2. Experimental

2.1. Materials

Dimer acid (dibasic acid, 90 wt%, monoba-
sic acid, 3 wt%, polybasic acid, 7 wt%) was pur-
chased from Jiangxi aturex industrial Co., Ltd., China.
Triethylenetetramine, PEG lauramine, CaO and CaCl,,
all of analytical reagent grade, were purchased from
Sinopharm Chemical Reagent Co.China. C,, liner alpha
olefin (LAO) was purchased from Chevron Phillips
Chemical Company LLC, USA. Organic Clay, emul-
sifier and wetting agents, all of industrial grade rea-
gent grade, were purchased from M-I SWACO, USA
Barite (325 mesh, BaSO,, 95 wt%) was purchased from
Shanghai Chemical Reagent Co., China. All the materi-
als were used without further purification.
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2.2. Methods

2.2.1. Synthetic method

Dimer acid (10.0 g) were placed in a preweighed
reactor equipped with a barrett distilling receiver and
a condenser. The fatty acids were heated to 80 °C main-
tained 15 min, and then triethylenetetramine (2.5 g) were
added while dropping time control in 30 min. The con-
tents were heated to 180 °C under a nitrogen blanket
while mixing at 200 RPM. The reaction was allowed to
continue until the acid value was < 2.0 (mg KOH/gram).
Once the acid value was < 2.0 (mg KOH/gram), poly-
oxyethylene lauramine (12 g) was added slowly while
mixing for another two hours at 180 °C. The resulting
product was poured into storage containers.

2.2.2. Preparation of test samples

2.2.2.1. Preparation of the samples

The organic clay (OC) (2.0 wt%) were added
in the emulsions with an oil/water ratio (OWR) of
80:20, and then 1.0% and 2.0 wt% APs were respec-
tively dispersed in 300 g emulsions. The hybrids
sheared sufficiently at 10000 rpm for 15 min and
then hot rolled at 80 °C for 16 h. The hybrids were
centrifuged at 8000 rpm for 10 min after cooling
down to room temperature, and then the solid sam-
ples were washed with alcohol to eliminate the dis-
sociative AP molecules. The washing and centrifuga-
tion processes were repeated several times until the
supernatant was clear. Finally, the dark brown solid
were dried at 120 °C and ground to fine powders for
the analysis of XRD.

2.2.2.2. Preparation of emulsions and muds

1) Preparation of emulsion. The emulsions
with 70:30 OWR and 80:20 OWR were prepared.
To compare the effect of APs in the emulsions,
2.0 wt% polymers were added respectively in the
emulsions. The emulsions were sheared at 10000
rpm for 20 min.

2) Preparation of emulsion with organic clay. 2.0 wt%
organic clay were added in the emulsions with two
OWR. In order to determine the effect of AP in the
emulsion with organic clay, 2.0 wt% polymers were
respectively added in the above emulsions. The emul-
sions were sheared at 10000 rpm for 20 min.

3) Preparation of muds. The emulsions with
80:20 OWR were prepared, and then the auxiliary
treatment agents were added successively, such as
2 wt% of the organic clay, 1.5 wt% wetting agent
and 1.5 wt% CaO, and then 35 wt% and 85 wt%
Barite were added respectively as SBM at two kinds
of density. In order to determine the effect of AP
in the SBM, 2.0 wt% polymers were respective-
ly added in the above SBM. The emulsions were
sheared at 10000 rpm for 20 min.

2.2.3 Mud making Test

2.2.3.1 Rheology measurements

Experiments are performed by the FANN 75
rheometer. with a thermostatic device. Then, the
following procedure is applied for each temperature
(4 °C ~ 65 °C): The sample is placed in the cell at 4°C
and with a constant shearing of 600 r/min, 300 r/min,

PYOE 2014 Ne2
and 3 r/min, and then stable 5 min at each shear rate
every temperature, next record the values at each
temperature. The yield point of the sample was
calculated from the readings at the rotating speed
of 600 rpm and 300 rpm (600 and ®300) using the
following formulas: yield point (YP)=0300-$600/2.
The measurement of gel strength (Gel) was that the
sample could be steady shear at 600 rpm for 10 sec-
onds, and then standing for 10 minutes, and then
take the highest reading at 3 rpm. The Gel of the
sample is calculated using the following formulas:
Gel = ®3/2(10 min) [10].

2.2.3.2. Electrical stability test

Fann23D electrical stability tester (Fann Instrument
Company, U.S.A) can measure the stability of the
emulsion. The electrode was placed in the test solu-
tion, and then the breaking voltage value could be
read out from the device, and then repeated 5 times
for the average.

2.2.4. Anaslysis methods

2.2.4.1. Fourier transforms infrared spectroscopy
(FT-IR) measurements. Magna-IR 560 infrared spec-
trometer with the wavenumber range of 4000-400 cm™
and the resolution of 4 cm™ was used to analyze the
structure of the polymer.

2.2.4.2. Particle-size distribution analysis (PSD
analysis)

Malvern Zetasizer Nano ZS was used to analyze the
particle size and distribution. The equipment is suita-
ble to the sample with the partical size of 0.6~6000 nm
and the concentration range of 0.01 mg/ml ~ 5% w/v.

2.2.4.3 XRD analysis

XRD analysis was performed using D8 Advance
Diffractometer (Bruker, Germany) with a voltage of 40 kV,
a current of 40 mA and Cu Ka (A=1.5406 nm) filtered radi-
ation. Diffraction patterns were collected with 20 angle
scanning between 2° and 15°.

2.2.4.4 Polarizing microscope

Emulsion with organic clay was selected as sam-
ple. First, appropriate amount of sample was dipped
with a cell scraper, uniformly spread out on slide and
then put on the measuring platform with the temper-
ature of 10°C. After that, the sample was observed
by the OPTIPHOT2-POL transmitted light polarizing
microscope (Nikon, Japan) and photographed by
CoolSN AP 3.3M CCD microscopes dedicated dig-
ital camera (Roper Scientific Company LLC, USA).
Finally, image processing software Image] (National
Institutes of Health, USA) was used to analyze and
process the image.

2.2.4.5 Transmission electron microscopy (TEM)

TEM analysis were performed using JEM-2100
transmission electron microscope (JEOL, Japan).
The samples were prepared by dipping the pre-
pared alcohol suspension onto the amorphous car-
bon-coated copper TEM grids and dried under an
infrared lamp.
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3. Results and discussions
3.1. Structural Characterization
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Fig.1. Associative Polymer FI-IR

Figure 1 is the infra-red spectrogram of the associative
polymer, which contains feature region (4000~1300 cm™)
and the fingerprint region (1300 ~ 650 cm™). Some of
the major absorption peaks [11] are: stretching bands
of structural -N-H- (3299 cm™), stretching bands of
—~CONHR amide I (1650.40 cm™), II (1548.27 cm™)
and III (1464.81 cm™) and stretching vibration of C-H
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3.2. Mud making test

Figure 3 Mud making test results:

a) Rheology of 1.35 g/ml SBM;

b) Rheology of 1.35 g/ml FR-SBM after hotting
rolled at 150°C;

c) Rheology of 2.0 g/ml SBM;

d) Rheology of 2.0g/ml FR-SBM after hotting rolled
at 150 °C

Figure 3 shows the rheology of different specific
gravity SBM and FR-SBM between 4 °C ~ 65 °C. As can
be seen from figure 3a and figure 3c, the YP, ®6 and
Gel of SBM appeared significantly alteration cover a
broad temperature range (4 °C ~ 65 °C) and decreased
by more than 50%. The rheology shows significantly
changes after the associative polymer added from fig-
ure 3b and figure 3d, that the certain key rheological
parameters are lower less than 15% from 4 °C to 65 °C
after hotting rolled at 150 °C. That is, the rheology of
system remained stable and showed flat rheological
properties after adding the polymer treatment agent.
Rheological stability for deep-water drilling is very
essential. The flat-rheology characteristic allows for a
higher viscosity to be maintained without negatively
affecting drilling rate or ECD, and ensure that deep-
water drilling fluids do not occur gelling in a low tem-
perature environment. Moreover, cuttings carrying
capacity and barite suspension properties are greatly
improved.
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Fig.2. Associative Polymer
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(2924.68 cm’, 2852.69 cm™). The superimposition of
-CH, asymmetric deformation vibration peaks and-
CH, scissor vibration of laminated (1464.81 cm™ and
1352.37 cm™). In the fingerprint region, the absorption
peak out plane vibration of -CH, at 780~720 cm,
stretching vibration absorption peak of structural
-(CH,),-(n24)(722.18 cm), deformation vibration of
structural an unsaturated hydrocarbon =C-H(936.85 cm™,
888.14 cm™), asymmetric stretching vibration of struc-
tural -C-O-C-(1124.67 cm™). Associative polymer is
successfully synthesized by the spectral analysis.

Figure 2 shows the polymer structure. The poly-
mer chain has both -CH,CH,O- reactive hydrophilic
blocks and amide blocks, and also has long carbon
chain hydrophobic group (-C;H,), and then such a
functional group structure consistent with the experi-
mental results of infrared.

3.3. Rheology and stability of emulsion

It is an effective way of investigating the effect of
associative polymer on rheological profiles of emul-
sions The YP and Gel of emulsions without OC are
shown in (fig.4a) and (fig.4b). Apparently, the rheolo
gy of the emulsion is not significantly changed with-
in normal dosage (2.0 wt%) of APs, and the YP and
Gel maintain at low value (<2). However, the values
increase significantly after adding organic clay (fig.4c
and 4d). The value of the YP and Gel reduced by more
than 50% from 4 °C to 65 °C without APs. By contrast,
The YP and Gel values were only reduced by less than
15% from with 2.0 wt% AP added. That is, the APs can
be used as a rheology modifier to adjust the cryogenic
rheology of synthetic based drilling fluids.

Table 1 shows that the emulsion-breaking volt-
age does not fall and has no substantial change after
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Fig.3. Mud making test results: a) Rheology of 1.35 g/ml SBM; b) Rheology of 1.35 g/ml FR-SBM after hotting
rolled at 150 °C; c¢) Rheology of 2.0 g/ml SBM; d) Rheology of 2.0 g/ml FR-SBM after hotting rolled at 150 °C
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Table 1
The electrical stability of emulsion
Groups Formulas ESV
OWR(7:3) 102
1 OWR(7:3) + 2.0 wt% AP 100
OWR(8:2) 205
OWR(8:2) + 2.0 wt% AP 210
OWR(7:3) + 2 wt%OC 350
2 OWR(7:3) + 2 wt% OC + 2.0 wt% AP 410
OWR(8:2) +2 wt% OC 475
OWR(8:2) +2 wt% OC + 2.0 wt% AP 510

adding the associative polymer, which indicates asso-
ciative polymer does not affect the stability of the
emulsion.

Results indicate that the rheology of invert
oil-emulsion drilling fluid depend on the organic
clay [12]. The emulsifier gathers at the interface
between two liquids to form a more stable interfa-
cial film with certain strength, which reduces the
oil-water interfacial tension, so the aqueous phase
droplets disperse in the oil phase as isolated discrete
sphericity. In highly dispersed emulsion multiphase
system, there is certain affinity between organic clay
and droplets with surfactants, so some tiny droplets
spontaneously adsorb on the surface of organic clay
particles and link some clay particles together to form
network structure and even gel structure. Of course,
the structure can be destroyed by shearing. In brief,
the rheology of invert oil-emulsion drilling fluid
depends on the dispersion of the organic clay and the
interaction between water droplets and the organic
clay [13-15]. When barite is added, the probability
of contact between clay particles is reduced, so the
structure is more difficult to form. However, barite
particles gather together and form a network struc-
ture, which enhance YP, Gel and low shear viscosity.
That is why emulsions exhibit strong thixotropic in
macroscopic view. At low temperature, the interac-
tion between dispersed droplets and the organic clay
become stronger and the friction between the solid
particles become larger, so the system has a strong
thixotropic property without associative polymer. It
is believed that the associative polymer, as the key
agent, is able to change the characteristics of the
interaction between the interfaces, and reduce the
thixotropic of emulsion or adjust rheology, to build a
«flat-rheology» system.

3.4. X-ray diffraction

Figure 5 XRD patterns of OC/AP hybrids. The per-
centages in parentheses represent the concentrations
of polymer solutions

The XRD patterns of OC/AP hybrids as compared
with pristine OC is presented in figure 5. For pris-
tine OC, the XRD pattern displays an interlayer d g,
spacing of 1.30 nm. The interlayer adsorption and
polymerization of polymer immediately modified
the XRD patterns of OC. For OC/AP hybrid with 1.0
wt% polymer loading, the d y,, spacing increases from
1.30 nm to 1.39 nm. Subtracting the layer thickness of
about 0.96 nm, the gallery height are around 0.34 nm
and 0.43 nm. Increase of the polymer loading to 2.0
wt% leads to the expansion of d y,, spacing to 1.45 nm.

1.45 nm

Intensity
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Fig.5. XRD patterns of OC/AP hybrids.
The percentages in parentheses represent
the concentrations of polymer solutions

The gallery height in this case is approximate 0.49 nm,
almost equals the thickness of bilayer DHI oligomers
plus the length of bond forming between the H atoms
of catechol OH and O atoms on the siloxane surfaces.
This indicates the AP molecule can be inserted OC
molecular layer.

3.5. Particle-size distribution

Figure 6 Particle size distribution of emulsion with
organic clay at different polymer dosage (Ultrasound
10 min)

Figure 6 shows the volume distribution of clay par-
ticles in the systems after adding different amount of
polymer. It shows that D50 (d=458.07 nm) account for
21.8 % without polymer, D50 (d=122.4 nm) account for
24.9% with 1.0 wt% polymer, and D50 (d=68.06 nm)
account for 25.6% with 2 wt% polymer was added.
That is, the organic clay separated into smaller blocks
with the polymer added, and then the acting force
between dispersed droplets and the organic clay
reduced at continuous shearing force.
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Fig.6. Particle size distribution of emulsion
with organic clay at different polymer dosage
(Ultrasound 10 min)
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3.6 Polarizing microscope
Figure 7 is the microscopic photographs through
digital image processing by Image-]. Micrograph
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Fig.7. The microscopic photographs: a) without
polymer (200x); b) with 2.0 wt% polymer (200x)

Fig.8. TEM images: a) cyclic structure;
b) the intercalation of AP/OC

reveals the connection between the organic clay par-
ticles and dispersed water droplets. The black part is
dispersed droplets while the gray part is the organic
clay particles. As can be seen from (fig.7a), the organic
clay particles form a regular cyclic structure which
interact with droplets. At low temperatures, the rhe-
ology significantly increased because of the greater
interaction force between cyclic structure and water
droplets. However, the cyclic structure is broken after
the addition of the polymer treatment agent (fig.7b).
The organic clay particles form the bridge construc-
tion with associative polymers, which weaken the
interaction between the dispersed droplets and the
organic clay.

3.7. Transmission electron microscopy

The TEM images (fig.8) reveal the association
modes of APs. Figure 8a shows the dispersion state
of the clay particles, and then the cyclic structure
between the dispersed droplets and the clay particles
can be seen from it. Figure 8b shows the AP molecules
are inserted into the clay layers. The molecular chains
of APs distribute in the clay layers, and show a disor-
dered state ,which is the primary reason to change the
drilling fluid rheology.

In the previous report, researchers have proposed

the mechanism of organic clay dispersion in pol-
ymers during melt processing. They believed that
exfoliation of platelets is achieved through a com-
bination of shear and molecular diffusion [16-18].
However our experimental results obtained from
the intermediate states of the morphology evolution.
Here, we propose a model based on our experimen-
tal observations (fig.9). In the synthetic-based drill-
ing fluids system, the active hydrophilic and hydro-
phobic chains form a multi-point link structure in
oil-water interface to replace the strong adsorption
structure between the original organic clay particles
and dispersed water droplets. Thereby, it is form a
layer «weak link» composite structure by polymer
molecular film. So, the polymer film adsorption
layer form on the surface of solid particles and
increase the repulsion between particles weighting
agent, which can reduce the friction between sol-
id-solid, and then promote the inter-layer slippage
bentonite particles with dispersed droplets. Further
more, it can improve the drilling fluid rheology. At
low temperature, viscosity and gel strength signifi-
cantly increase because the activity of the dispersed
phase in emulsion decreased and the adsorption
force become greater between dispersed droplets
and solid particles. The electrical stability experi-
ments show that the «weak link» structure of mul-
ti-point adsorption can reduce the force between the
interfaces without affecting the stability of emulsion,
and maintain emulsion relatively stable in a wide the
temperature range.
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4. Conclusions

In summary, the associative polymers can significantly improve the rheology of synthetic base
drilling muds at low temperature (4 °C ~ 65 °C), especially for barite-weighted muds. The drilling
muds have stable yield point, gel strength and 6-rpm reading in the temperature range, which can
reduce complex deep-water drilling problems caused by the radical change of drilling fluid viscos-
ity. So, flat rheology drilling muds play a significant effect on the smooth development of deep-sea
drilling project. On the other hand, the comprehensive and accurate mechanism of “flat-rheology”
cannot be determined so far. In this paper, it is explained qualitatively why the rheology is flat at low
temperature thought inference and adsorption mechanism of polymer. According to the mechanism
have been analyzed above, associative polymer will effectively reduce the specific surface area of
organic clay and further reduce the force between the organic clay and dispersed water droplets for
its unique amphiphilic structure. It can reduce the joint strength between the clay particles and liquid
droplets, and the friction between barite particles and the clay particles. So the slipping and the dis-
persion between the layer of particles and water droplets can be promoted. It is particularly obvious
in deep water to keep flat rheology of drilling fluids at low temperature environment in deepwater
drilling. Moreover, the amount of polymer in drilling fluid should be kept within 2~2.5 wt% in order
to achieve the best rheology performance.
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I[IpuMeneHMe CMHTETUYECKMX OYypPOBBIX PaCTBOPOB
AAsI TAyOOKOBOAHOTO OypeHNsI Ha OCHOBe HOBOTO
acconMaTUBHOIO MoauMepa

3.Xan, I'.’Kuanr, K./An
(Kutaitckuit HedrsHot1 YHUBepcuTeT)

Pegepar

B crarse paccmaTpuBalOTCs BOIPOCH PeryAMpOBaHMS U CTaOMAM3alUM PeOAOTMIECKUX
CBOMCTB cuHTeTM4Yeckoro Oyposoro pactsopa (CBP) aas raybokoBoagHOTO OypeHMs CKBa’KUH
C IIOMOIIBIO HOBOTO acconuatusHoro noanMepa (AIl). AIl 6v1a cuHTE3UpPOBaH IIyTEM XUMMU-
JecKoil MoAnpuKanuu AMMEpPHOI KUCAOTH, TPUDTUAEHTETPaMIHA U ITOANOKCUDTUAEHOBOTO
AaypaMMHa B BOAHOM pacTsope. Peryauposanune csoiicts CBP ¢ momomisio AIl oniennsaaocs B
Ipoljecce TeCTOB IO IPUTOTOBAEHNIO OYPOBBIX PaCTBOPOB IIPU ABYX Pa3HBIX 3HAYEHUAX I1A0T-
HOCTU U BOogoHepTsHOTO PpakTopa. [lokasaHo, uto All oueHb XOpOIIIO peryanupyer peoaormyge-
ckne csoiictsa CBP B mupoxom guanasone remnepatyp oT 4 °C 40 65 °C, ocobeHHO Kal0ueBhIe
A4s1 TAyOOKOBOJHOTO OypeHM:s IlapaMeTphl, TaKMe KaK IIpeiea IPOYHOCTU U CTaTUdIecKoe
HanpskeHue casura. PesyabraThl MccaegoBaHMII ITOKa3aAl, 4TO yBeAUYeHUE CKOAbXKEeHU:
MeXAYy AUCIePIrMPOBaHHBIMY YaCcTUIIaMU M CA0€M OPTaHMYeCKO TAMHBI SABAsSeTCs IIePBOIIPU-
YMHOJ XOPOIIEero peryAnpoBaHus pPe0A0TMYeCcKMX CBOMCTB ¢ momoIeio AlT.

Darin sularda qazma iiciin yeni assosiativ polimer
asasli sintetik qazma mahlullarinin tatbiqi

Z.Han, G.Jiang, K.Li
(Cin Neft Universiteti)

Xiilaso

Moagqalada yeni assosiativ polimer (AP) vasitasi ilo quyularin derin sularda qazilmas: tigiin
sintetik qazma moahlulunun (SQM) reoloji xassalorinin tonzimlonmasi vo stabillasdirilmasi
masalalari nazarden kegirilir. AP dimer tursusu, trietilentetramin ve polioksietilen lauraminin
su mahlulunda kimyavi modifikasiyas: yolu ile sintez olunmusdur. AP vasitasile SQM-1n
xassalarinin tanzimlenmasi sixligin ve su-neft faktorun iki miixtslif gostericilorinde qazma
moahlullarinin hazirlanmasi testlarinin aparilmasi zaman qiymatladirilmisdir. Gostarilmisdir ki,
AP 4 °C-dan 65 °C-dak genis temperatur diapazonunda SQM-nin reoloji xassalarini - xiisusen
ds, dorin sularda gazma tigiin vacib olan moéhkamlik haddi ve siirismoenin statik goarginliyi
kimi xassalari ¢ox yaxsi tonzimlayir. Todqiqatlarin naticalari gdstermisdir ki, reoloji xassalarin
AP torafindan yaxsi tonzimlonmasinin asas sababi disperslosmis hissaciklarla orqanik gil qati
arasinda stirismonin artmasidir.
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