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Abstract.1 A fluid loss reducer polymer (polymer-FLR) 
was synthesized using acrylamide, hydroxyethyl methacry-
late, N-vinyl pyrrolidone, and N,N-dimethyl acrylamide by 
free radical polymerization, followed by partial hydrolysis. 
Its composition was confirmed using FTIR and 1H NMR 
spectroscopy. API mud fluid loss reduction of polymer-
FLR was about 10-fold lower than the blank. High 
temperature, high pressure fluid loss reduction of about  
9-fold were achieved compared with the blank. 
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1. Introduction 
The complexity of the problems encountered in 

petroleum well drilling necessitates the adjustment of 
recipes for formulation of appropriate fluids. The rheology 
of the drilling fluid is influenced by factors such as 
temperature, pressure, salinity, composition and the nature 
of the continuous fluid phase [1, 2]. Temperatures increase 
as a result of the positive geothermal gradient and also 
because of frictional interaction between the drill bit and the 
formation during drilling operations. Hydrostatic pressure is 
a function of depth and increases with a drilling depth [3]. 
Different pollutants such as monovalent and divalent salts 
introduced into the mud during drilling can considerably 
affect the mud functional properties and should be taken 
into account while designing the drilling fluids by the 
addition of suitable additives which offer stability to its 
chemical composition [4].  

Water-based muds are more desirable because of 
their low cost, abundance of the water as the primary fluid 
phase and their eco-friendliness. Technical challenges, 
particularly, fluid loss and poor rheological stability at high 
temperatures and under high salinity tend to limit their 
widespread applications. Breakdown of fluid loss control 
agents causes a large increase in the fluid loss accompanied 
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by an increase in a filter cake thickness. This condition 
triggers excessive drag, high-pressure surges, differential-
pressure sticking, and reduction in production-zone 
permeability as well as increases in shale sloughing [5-8]. 

Defects of the following two conventional polymers 
used in petroleum industry are challenges to deal with. 
Partially hydrolyzed polyacrylamide has been widely 
applied under ordinary conditions in the petroleum industry 
because of its attractive viscosity and cost-effectiveness, 
however, it has been unsuitable for high temperature, high 
salinity, and high flow rate injection conditions because of 
chain collapse, hydrolysis, decomposition, degradation and 
shear damage [9-11]. Xanthan biopolymer is not subjected 
to shear degradation, nor loss of viscosity in the presence of 
high salinity brines [10, 12]. However, it is prone to thermal 
instability and microbial degradation, besides its cost 
implication.  

Polymers used as improved filtration-control agents 
should be water-soluble, thermally stable and resistant to 
alkaline hydrolysis and also remain effective in the 
presence of electrolytes [13, 14]. Copolymers which retain 
drilling fluids properties at elevated temperatures and high 
concentrations of dissolved electrolytes are viewed as 
antidote to the problems associated with the use of 
conventional polymers. Homopolymers do not afford the 
scope of attributes necessary for severe well environmental 
conditions. However, heteropolymerisation accords the 
capacity to combine the desirable properties of two or more 
different homopolymers into a single copolymer with 
attractive functionalities. This work discusses the 
characteristics of synthetic polymer-FLR earmarked for 
mud fluid loss reduction.  

2. Experimental   

2.1. Materials  

The materials used for the synthesis of polymer-FLR 
are stated as follows: acrylamide (AM, 98.0 % purity);  
N-vinyl pyrrolidone (NVP, 99.0 %); N,N-dimethyl 
acrylamide (DMAM, 98.0 %); hydroxyethyl methacrylate 
(HEMA, 96.0 %); 2-2'-azobisisobutyronitrile (AIBN, 
94.5 %); sodium hydroxide (96.0 %); acetone(99.5 %); 
ethanol (99.7 %); methanol (99.5 %), deionised water. 
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2.2. Synthesis of Polymer-FLR 

Polymer-FLR was synthesized in a three-neck flask 
equipped with a magnetic stirrer, nitrogen gas delivery tube 
and a thermostatic water bath by a free radical polyme-
rization in deionized water under nitrogen sparging using  
2-2'-azobisisobutyronitrile as an initiator. The polyme-
risation was performed using a monomer molar feed ratios 
of 46%AM/20%HEMA/26%NVP/8%DMAM, 15.3 wt/v% 
total monomer concentration, pH of 7.0, at 333 K and the 
initiator dosage of 0.5 wt % for a reaction time of 1.0 h. The 
acrylamide was first dissolved in deionised water and 
introduced into the flask under nitrogen degassing. The 
specified quantities of N,N-dimethyl acrylamide (DMAM), 
N-vinyl pyrrolidone (NVP), hydroxyethyl methacrylate 
(HEMA) and 2-2'-azobisisobutyronitrile (AIBN) were 
mixed and added to the flask whilst stirring and the 
temperature set to 338 K. After a thick viscous mass was 
formed, the content was transferred into a beaker and 
allowed to cool. Specified amount of 0.2 N methanolic 
sodium hydroxide was added, stirred to uniformity and 
allowed to partially hydrolyse the acrylamide component of 
the polymer-FLR at 298 K for 4 days in a sealed beaker. 
The polymer was then isolated and purified using an excess 
acetone and finally dried at 333 K.   

2.3. Polymer-FLR Property 
Measurements 

Presence of monomers and the structure of polymer-
FLR were confirmed by Fourier transform-infrared (FTIR) 
and proton nuclear magnetic resonance (1H NMR) 
spectroscopy, in accordance with some previous reports [9, 
15-17]. FTIR spectra in the wave number range of 4000–
400 cm-1 were recorded on a Nicolet 370 FTIR 
spectrometer (USA) from powder-pressed KBr pellets with 
D2O as solvent and tetramethylsilane (TMS) as an internal 
reference. 1H NMR spectra were recorded on a Bruker 
Ascend TM 600 NMR spectrometer at room temperature. 

The thermogravimetric analysis (TGA) and 
differential thermal analysis (DTA) of freshly dried 
polymer-FLR were conducted using 4.96 mg of the 
polymer under nitrogen atmosphere at a heating rate of  
10 K/min from 298 to 873 K, using Perkin Elmer 
AscendTM 600 MHZ thermal analyzer. 

2.4. Assessment of Polymer-FLR 
Performance in Drilling Mud 

Mud samples were prepared and tested initially and 
after 16 h of hot-rolled aging according to American 
Petroleum Institute (API) procedure [18]. The salt 
contaminated mud was formulated using the ingredients, 
added in the order listed as follows: 500 g water + 25 g 

bentonite clay + 1.25 g NaOH + 7.5 g sulfonated lignite 
resin (SPNH) + 7.5 g sulfomethylated tannin (SMT) + 25 g 
NaCl + 3.0 g polymer-FLR + 100 g barite.  

Blank samples were prepared without the addition of 
polymer and tested under the same conditions. The 
apparent viscosities (AV), plastic viscosities (PV), and yield 
points (YP) of the mud samples were determined by 
recording viscometer readings at 600, 300, 200, 100, 6 and 
3 rev/min and computation using the following formulae: 

600ø
2

AV = , cP 

600 300ø øPV = − , Pa 

300øYP PV= − , kg/m2 

Standard API filtrate loss was determined according 
to API procedure [18] using a standard filter area of 
458l mm2 and filtration pressure of 700 kPa. The cylinder 
was removed before the pressure was released. The volume 
of the filtrate was collected in 30 min as the fluid loss in 
cubic centimeters (cm3).  

The high temperature-high pressure (HTHP) 
filtration of the mud was conducted at 373–423 K and 
3450 kPa, according to API procedures for HTHP fluid loss 
testing [18]. A filter area of 2258 mm2 was used and the 
filtrate volume was doubled to correct for standard filter 
area of 4581 mm2.  

3. Results and Discussion 

3.1. Copolymer Structures  
and Functional Properties 

Chemical stability against chain scission was built 
into the polymer-FLR by increasing its backbone strength. 
This was achieved through the attachment of the pendent 
groups and sterically hindering groups to offer structural 
rigidity. Functional monomers were incorporated into the 
copolymers structures to impart salt resistance, thermal 
resistance and hydrolytic stability. 

Acrylamide, hydroxyethyl methacrylate, N-vinyl 
pyrrolidone and N,N-dimethyl acrylamide monomers 
constitute the structure of polymer-FLR. The backbone 
chain of a copolymer molecule is connected by C–C, which 
has the high thermal and salt stability. The dimethyl group 
and pyrrole ring jointly offer steric hindrance to the amide 
functionality and provide hydrolytic, salt and thermal 
stabilities in the structure. The vinyl pyrrolidone is 
relatively inert toward salt and acidic medium and the 
inelastic structure of its pyrrole ring improves the thermal 
stability of the polymer-FLR. The homopolymer of 
hydroxyethyl methacrylate is insoluble in water but the 
presence of hydrophilic pendent group will cause it to swell 
in the aqueous medium. It is capable of absorbing up to 
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600 % water of its dry weight depending on the physical 
and chemical configuration of the polymer. This unique 
property of hydroxyethyl methacrylate enriches the water 
retention capacity of its copolymer and makes its effective 
as a drilling mud fluid loss reducer. The combined effect of 
the CO2 and pyrrole ring provides temperature and salt 
resistance in the polymer-FLR. 

3.2. FTIR and Proton Nuclear  
Magnetic Resonance (1H NMR)  
Spectral Analyses 

The spectrum of polymer-FLR is presented in Fig. 1. 
The strong and broad absorption peak at 3405 cm−1 was 
assigned to the stretching vibration of N–H as well as –OH 
stretching from both HEMA and hydrolyzed AM. The 
absorption peaks observed at 2939 cm−1 was ascribed to the 
stretching vibration of –CH3 and –CH2. The absorption 
peak of 1659 cm−1 was attributed to the stretching peak  
of C=O whilst the peak at 1567 cm−1   was  assigned  to the 

stretching vibration of C–N. Peak at 1442 cm−1 reflected a 
characteristic absorption of NVP. However, a less 
pronounced peak at 1085 cm-1 signified the absorption of 
carboxylate esters of HEMA. Rocking of C–H bond of the 
methyl group at 1291 cm-1 was assigned to HEMA and 
DMAM.  

The 1H NMR spectrum of the copolymer in Fig. 2 
revealed shift at 1.0 ppm which indicated a methyl proton on 
the backbone. Chemical shifts at 1.6, 1.8 and 2.1 represented 
the methylene (–CH2) proton and methine (–CH) in the 
backbone, and also –CH2–CH2–N– in the NVP ring. The 
chemical shift at δ = 2.8 ppm reflected –CH3 of N(CH3)2 in 
DMAM. The hydrogens of –CH2–C=O in NVP ring and 
methylene group in –CH2–OH of HEMA, appeared at  
δ =3.2 ppm. Signal at 3.5 ppm was assigned to protons of 
methine (–CH) of the backbone chain attached to NVP ring 
and methoxy protons (–OCH2–) of HEMA while the shift at 
3.8 ppm suggested the hydrogens of –OH in HEMA and 
hydrolysed AM. The signal at 4.7 ppm represented the 
hydrogens of –NH2 group and the D2O solvent. 
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Scheme 1. Polymerisation reaction followed by partial hydrolysis  
to produce polymer-FLR

338 K 
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Fig. 2. 1H NMR spectrum of polymer-FLR 
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Fig. 3. Thermogravimetric and thermal differential curves of polymer-FLR 
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3.3. Thermogravimetric and Thermal 
Differential Analysis of Polymer-FLR 

Results of thermogravimetric and thermal 
differential analyses of polymer-FLR were interpreted in 
consistence with previous reports [15, 19]. 

The thermogravimetric and thermal differential 
analyses curves of polymer-FLR are shown in Fig. 3. The 
initial gradual change on TGA-curve up to 373 K could 
largely be due to the presence of moisture. Substantial 
changes occurred after 623 K, indicating the thermal 
stability upper threshold of the polymer. Within temperature 
range from 623 to 673 K, significant loss in mass occurred 
on the TGA curve, which corresponded to decomposition, 
which is showed up on DTA curve as an endotherm. The 
polymer incorporates functional groups such as CO2, OH, 
and pyrrole ring and thus exhibited a broader temperature 
range of degradation. The percentage weight of polymer 
left undecomposed or char residue after analysis at 873 K 
was about 24.8 %. There was no indication of crystallinity 
of polymer-FLR from the thermograms revealing that it is 
amorphous with an irregular chain structure and belongs to 
the class of atactic, statistical or highly branched polymer 
category. 

3.4. Effect of Temperature and Salinity 
on Properties of Drilling Fluids  

3.4.1. Rheological properties 

Results of thermal, salinity and pressure effect on 
properties of drilling mud are presented in Figs. 4-7. It is 
noteworthy to state that the rheological properties of salt-
contaminated mud (with 5% NaCl) apparently increased 
following the addition of polymer-FLR compared to the 
blank. However, the apparent viscosities of the muds after 
heat treatment generally decreased with corresponding 
increase in temperature in the range of 393–423 K. 
Comparatively, viscosity losses after heat treatment at 423 K 
with reference to values of unaged samples at 298 K were 
observed to be decreased by 52.0 % (blank) and 39.4 % 
(polymer-FLR). Plastic viscosity of the polymer-FLR also 
reduced slightly after hot-aging at 423 K compared to values 
of the unaged sample. The blank experienced the highest 
reduction of plastic viscosity by 57.1 % while polymer-FLR-
mud retained its initial PV. These observations clearly 
reflected the effectiveness of polymer-FLR as a drilling mud 
additive for viscosity enhancement at elevated temperatures 
compared to the blank.  

Bentonite clay constitutes the primary viscosifier 
and fluid loss control agent in the mud investigated in this 
work. Intrinsically, bentonite clay consists structurally of 
two Si–O tetrahedral sheets sandwiching each Al–O–OH 
(or Mg–O–OH in limited amount) octahedral sheet. In 
aqueous suspension, with sodium or calcium holding a 

weak bond between the octahedral sheet and the tetrahedral 
sheet, substantial water is drawn into the interlayer space 
and causes bentonite swelling. The behaviour of bentonite 
water suspension is complex because of anisometric clay 
particles, which expose different crystal faces, on which an 
electrical double layer can develop, differing both in sign 
and magnitude of the total surface potential [20, 21]. Hence, 
the viscosifying behaviour of the aqueous bentonite-based 
mud in the absence of the polymer is primarily attributed to 
both clay–clay particle and clay particle–water interactions. 

The addition of the polymer-FLR to the bentonite-
based fluid caused non-newtonian flow behavior. Polymer-
FLR functions in the aqueous drilling mud through three 
mechanisms. Firstly, polymer-water interactions whereby 
polymer-FLR, being an anionic polyelectrolyte, water 
soluble and structurally hydrophilic creates a sheath of 
closely associated water molecules around its molecules. 
Secondly, by intra polymer-polymer and inter polymer-
polymer interactions which also occur through a tangling 
mechanism. The anionic groups repel each other possibly via 
double layer forces, which cause the polymer chain to adopt 
a more expanded, rigid-rod-like conformation, resulting in an 
increase in fluid viscosity. The third mechanism is through 
clay-polymer interactions, in which a polymer molecule can 
adsorb onto more than one clay particle and form aggregate 
with the clay particles. The polymer-FLR used in the 
formulation of the drilling mud is anionic and one end of its 
molecule could attach to the positive sites of the bentonite 
clay particle with the remaining end free to hydrate and/or 
attach to other clay particles, resulting in an increase in 
viscosity. Thus, the cumulative effect of the above-stated 
mechanisms is an increase in hydrodynamic volume and 
improvement of rheological properties of the muds. It is 
important to note that relatively high viscosity build-up 
efficiency of the polyelectrolyte (polymer-FLR) may 
influence the drill mud to offer sufficient resistance to reduce 
slip velocity of the cuttings and effectively suspend cuttings 
during drilling operations.  

Although substantial retention of rheological 
properties was achieved using the polymer-FLR, the 
viscosity, and yield point, nonetheless, decreased 
progressively with an increasing temperature. This was 
attributable to changes resulting from both the bentonite 
and polymer-FLR. For bentonite suspensions at high 
temperatures there is a complex interplay of factors leading 
to the reduction of the degree of the counter ions hydration, 
changes in the electrical double-layer thickness, increased 
thermal energy of the clay micelles, thermal degradation of 
the solid, with consequent reduction of the viscosity of the 
suspending medium and increasing dispersion of associated 
clay micelles [22]. In terms of the polymeric additive, the 
changes in mud behaviour could be ascribed to thermal 
degradation of the polymer-FLR. Additionally, increase in 
intermolecular distances arising from high temperature 
tends to lower the resistance of the fluid to flow and, hence, 
decreases its viscosity, yield point, and gel strength. 
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3.4.2. Temperature, salinity and pressure effect 
on mud fluid loss 

Filtration is a significant phenomenon that occurs in 
the wellbore because of the hydrostatic pressure exerted by 
the drilling mud. Mud filtrate invasion of the formation 
accelerates ionic diffusion which causes severe problems 
resulting in wellbore instability and possible wellbore 
failure. Swelling pressure is strongly influenced by the 
ionic diffusion at clay sites. It has been estimated that if 
water penetrates a formation at millimeters a day, ions will 
diffuse over centimeters per day while pressure diffuses 
over decimeters in a day. 

Fig. 7 displays the API fluid losses and HTHP fluid 
losses of salt-contaminated muds under different thermal 
aging conditions. For API filtration at ~700 kPa, the blank 
suffered a drastic increase in fluid loss by 16.0 cm3 after 
dynamic heat treatment from 373 and 423 K whilst the 
polymer-FLR incorporated mud increased by only 1.0 cm3 
over the same temperature change. For the high 
temperature-high pressure (HTHP) filtrations between  
373 and 423 K and 3450 kPa, polymer-FLR   demonstrated  

significantly high fluid loss reduction by providing nearly 
9-fold fluid loss reduction at 423 K than the blank. 

Fluid loss reduction by polymers in drilling fluids 
has been known to occur by two mechanisms. Ionic 
polymers tend to adsorb on the oppositely charged edges of 
swollen clay particles through electrostatic interactions to 
form a thin layer of clay-polymer filter cake which reduces 
the movement of water across the cake. Polymers also 
increase the viscosity of fluid through a polymer-polymer 
interaction and polymer-water associations which 
ultimately reduces water mobility into the clay pores and 
lowers filtration rate. Thus the reduction in mud filtration 
loss through the incorporation of the polymer-FLR would 
maintain hole integrity, protect water sensitive shales and 
minimize formation damage. 

The hydroxyethyl methacrylate component of the 
polymer-FLR is capable of absorbing up to 600 % water of 
its dry weight depending on the physical and chemical 
configuration of the polymer. This unique property of the 
hydroxyethyl methacrylate combined with the ionic 
property of –CO2– and hydrophilic pyrrolidone component 
in the polymer-FLR cumulatively impart the superior fluid 
loss control property of the polymer-FLR.   

 

 

 

 
Fig. 4. Effect of polymer additive on apparent viscosity  

of salt contaminated mud at elevated temperatures 
Fig. 5. Effect of polymer additive on plastic viscosity  
of salt-contaminated mud at elevated temperatures 

 

  
Fig. 6. Effect of polymer additive on yield point  

of salt contaminated mud at elevated temperatures 
Fig. 7. Effect of polymer-FLR additive on fluid loss  

of salted-mud at elevated temperatures 
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The polymer-incorporated muds exhibited a relative 
thermal stability and salt tolerance compared to the blank. 
The uncontrolled fluid loss of the blank revealed a probable 
phase separation and more importantly structural break-
down of the bentonite clay. The polymer-FLR contains  
–CO2 and pyrrole ring which impart both thermal resistance 
and salt tolerance while the sulphonate group, besides, its 
strong water absorbing power, equally provides 
temperature and salt resistance in the polymer-incorporated 
muds.  

4. Conclusions 

Polymer-FLR was prepared by a solution 
polymerization using monomer feed AM/HEMA/NVP/ 
DMAM in the respective mole ratios of 46:20:26:8, total 
monomer concentration of 15.3 wt/v %, pH of 7.0 at 
338 Kand 0.5 wt % of 2-2'-azobisisobutyronitrile (AIBN) 
for a reaction time of 1.0 h and subsequently partially 
hydrolyzed at ambient temperature. 

Polymer-FLR was relatively stable up to 573 K 
based on thermogravimetric and thermal differential 
analyses. Polymer-FLR was also very effective in salt 
contaminated water-based–bentonite clay mud by retaining 
adequate rheological profile and stability after heat 
treatment. Polymer-FLR maintained API fluid loss at 
6.4 cm3, about 10-fold lower than that of the blank which 
suffered a drastic increase in a fluid loss (60.0 cm3) after 
dynamic heat treatment at 423 K. 

High temperature-high pressure (HTHP) filtrations 
performed at 423 K and 3447 kPa using polymer-FLR 
achieved about 9-fold HTHP fluid loss reduction at 423 K 
in comparison with the blank. Hence, polymer-FLR can be 
used to control drill mud fluid loss at elevated temperatures 
and under moderate saline environment.  
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ПОЛІМЕР-FLR ДЛЯ ЗНИЖЕННЯ ВТРАТ НАПОРУ 
БУРОВОГО РОЗЧИНУ  

 
Анотація. З використанням акриламіду, гідроксиетил-

метакрилату, N-вінілпіролідону та N,N-диметил акриламіду 
внаслідок полімеризації вільних радикалів з наступним частковим 
гідролізом синтезовано полімер для зниження втрат напору 
рідини (полімер-FLR). Склад синтезованого полімеру підтверд-
жено з використанням Фур’є- та 1H ЯМР-спектроскопії. Вста-
новлено, що втрати бурового розчину з використанням полімер-
FLR приблизно в 10 разів менші, ніж без нього, а зниження 
втрат при високому тиску і високій температурі – в 9 разів. 
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