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Abstract
The success of drilling hydrocarbon reservoirs is inextricably linked to Received: 7 June 2022
the efficiency of the drilling fluid. Polymers and nanopolymers as effective Accepted: 7 September 2022

additives have great potential to improve the properties of drilling fluids.
However, the role of polymeric materials in this field is in its beginnings and had
significant progress in recent years. The present study reviews the drilling fluids
improved and modified by various polymers and nanopolymers. Also, the effects
of new polymers, seawater-based and environmentally friendly polymer systems,
cationic and anionic polymer systems, the role of surfactants and nanopolymers in
improving the properties of drilling fluids are described and their technical and
economic advantages are studied. This research reviews recent advances in
the synthesis and applications of polymers and nanopolymers in drilling fluid
systems while discussing the role of polymers in modifying rheological properties
and controlling drilling fluid loss, mud cake thickness, filtration properties, and
thermal stability. The most important findings of this review show that
environmentally friendly polymer systems reduce costs by up to 30% and reduce
the transport and disposal of drilling fluid waste. The use of cationic and anionic Keywords:

polymer systems neutralizes the rock charge and reduces its electrostatic Improve Drilling Fluids
interaction with water, which prevents water from penetrating the clay and can, '
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like PHPA polymer, reduce the drilling problems of clay layers. As a biopolymer, Polymers,
terminalia mantaly (TM gum) and CMC are desirable additives to increase Polymeric Nanoparticles,
viscosity. Also, the ability to withstand high pressure and sealing of drilling fluids

e ; . Surfactants,
based on nanopolymers prevents pressure transfer and minimizes the interaction .
of fluids between the drilling bit and the formation, thus improving the stability of Rheology, Fluid loss
the oil and gas wells. Control
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Figure 1. Classification of drilling fluids.

1. Water Based Fluids (WBFs)
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Table 1. Classification of drilling fluids according to components.

Synthetic

Dry gas: Air, nitrogen,
natural gas, exhaust gas,
combustion gas

Fresh water

Solution: including
heterogeneous solid
particles, Solids ,Surfactant
,colloids and polymers

Mist: Droplets of water or
mud carried in the air
stream

Foam: Air bubbles
surrounded by a film of
water containing a foam-
stabilizing surfactant
Stable foam: Foam
containing film-
strengthening materials,
such as organic polymers
and bentonite

Emulsion: An oily liquid
maintained in small droplets
in water by an emulsifying
agent

Mud: A suspension of
solids (clays, barite, small
cuttings) in any of the
above liquids

Oil mud: A sable oil-base drilling
fluid contains: Water-emulsifying

Synthetic-based fluids:
Synthetic hydrocarbons,
ethers, esters, and acetals.

Qil: Diesel or crude

agents; Suspending agents;
Filtration-control agents;
Contains cuttings from the
formation drilled; May contain
barite to raise density

1. Oil Based Fluids (OBFs)

2. Inhibiting Properties
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Table 2. Density of common components of drilling fluids.

Material
e Ib/gal | 1b/fe® | 1b/bbl

Water 1 833 624 350 1000
Oil 0.8 6.66 50 280 800
Barite 4.3 358 268 1500 4300
Clz 2.5 208 156 874 2500
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3. Viscosifiers

1. Shear Thinning
2. Power Law
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Table 3. The amount of factors that improve the properties of the proposed drilling mud [46].

Name of treatment agent Dosage
Polymer filtrate loss agent BDF-100S 0.5-2.0%
Polymer viscosifier HVIS 0.2-1.0%

Nano plugging agent PNF 0.5-2.0%
Extreme pressure lubricant HGRH-1 1.0-3.0%
Shale inhibitor Glycol 1.0-3.0%

High temperature stabilizer BDTS-1 0.2-0.5%

Function
Resistance temperature up to 200 °C, reduce water loss
and improve the quality of mud cake

Resistance temperature up to 200°C, increase viscosity
and yield point
Reduce water loss, block micro pores and improve mud
cake quality

Vegetable oil lubricants, improve lubrication
performance

Alcohols with cloud point to improve the anti collapse
performance

Organic zirconium salts to slow down the thermal
degradation of polymers at high temperature

1. Sepiolite

2. Attapulgite

3. Nano-Plugging
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Table 4. Chemical and physical properties of Terminalia Mantaly gum [57].

Particle
diameter

(um)

Angle of
repose(’)

Particle

Specification .
pecitications density

Terminalia

263.10
Mantaly

57.80 1.32

density

Water
absorption
capacity

Increased
bulk
density

Hausner

. Carr index
ratio

0.139 1.54 35 10.71

1. Terminalia Mantaly (TM gum)

(1&-Y) ciadgsansy 9 390 0 )louds — 9 3g9uiumy Jlw — Yyl (Fousd w digeo &3 psdas

© 0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Y-Yd el —ol)&o.b 9 ‘;wLu:

> g JI25 390 9 (5 ponly 13956 5 parls SIS LIS LI



Y-Yo Lo —Obl&o.ib 9 wb.:

) b Jl28 Dlgo 9 (5 pouls O1)39L (5 poads s8I S LI

asm slealelo L amwslio ;5 oxbaw Jlad sole S i Juab
e R S
Sroeh 6> Jlw 5 0lsy Sarols Gl s pordy 5 )la>
g e ol Jlad B3le 509381 ool lis ba zules] a5 ol
ol B3laslas 1) (g 5la> Jlw )5 0l5) 5 5,8 0589, Sl
ool dgzgany 5l 5 aas ralS | S ol g5 g a3 8
L s li> sbodly) 5,55 5 Joo 6,k sbolles gul, oMSie
s olime pla slaialejl jo [PV asS (6 1 uSsl> ol 5100
Jlade J S g casbie ()l Canglie 048,51 Cawsdy (sl 4S ool
5 Sl (s JLd ol (oSl (lieets (5 Lo

[5Y]ams oo pals Caidas wa | peudicans ) soliul l5e
YO+ (Sl b b (Jobe )15 w0 Bloh S5 Gl geo
5315 loig (Su3els) Sleogas wile nl sl Cole )8 Az
9 09 geailingn 0018 (g gol 00t sl plgeans
[#Y]s s calizes molio ;o 63lsj b Lo )15 saimsplsd
[Eflecil o )la> o¥Lw 1o Layorly cp 5o )5 5l iz ot
il jglatedny J5Sd sl eelsll (rdas Jlad 50Ls
ISam sl s J5 Sleogas 5 55,015 Gl g clale
JUsd Slge iy aiilon a5 ol g pé slosle cpanlells .09, oo
W LSTolst slaasly Gglate olawi b oo 35« S ué o
S 555 oy O 5l xdaw Sl Bole cale a5 Slej 5 ol
P (S gLyl 0 0ingh gl plax 4 bled w09
S5 e G915 onbaw Jlad s0bs 5l ool V) o salys
o 5 6l b b il b oS 5 0 Tauleg  paigel e
s 2 S Sl ole S hte 3T g 1) ()i Sl
90953 8lge plo b (6 )85l pogdle xhaw Jld sols (ol .cciils
@54 OS8OVl jo a8 by las ki Sl
ool 5l g ST (65T sl o porly S iy 59 5l Wlgi o0
YL lales 5 Lag st o oS (6 S5l o)l Jlw &
las ey 5l YL slaaibln o1, os5 Caaglic

Isolsls

(PHPA) 532 suicdlal vuwel o ST Ly souds F-0

St Ol D3l 0 IS o Sad g o § peelS (o juie (90

o) Seilshy ooy 1 sy PH e yecly e
L as cel ol slasS @l g o0 (o etz parlyCony
Seisds) Slmogas ((Sie ey VB ) el clale 138l
oy (ks a5 5 (Sl 59,05 8T (59,01,5)
Ae) Lod Lial3dl o o) 6 poeky slacidle Jo sl o ol
Slvgas S pRalS a e (colpb i V0 LS
Ol el (s we)d ¥V cale o sedi e yerdy (Su58lsS,
b ol (Soeds) Slmogas (S alS A i (5,50
O =P pH aolidl o ady Si9 duo,0 VO clale o a5 Jbyo
O s ed (Lid (So5a]ss, Slusgas (o (5 loliae pots
Sl Jos 5l 9wl Rl o E5 GRIBIL (S5
ol ol a8 aas e las s [OVIwS e cuns pleXs
Slogaz oV 5l gYLLpH o os2 ol L8 coglin ol ko
d=doan ol el Lo 5 (5,50 (b8l )0 Jluly (Seislss,
)—«JJ (o b ude)_&llb_b )‘N..L; a8y slag s LS)L-‘iL!.

LoYoOM cul 58 il5l alina

' x b JUd Slgo — (6 poly slaailolis F-F

JLsd Slge LesT &L a5 lbaaileles 5l osliiul o > liles 4o
5 &> Jlw (59,58 Je (e Sbml oy ool (elans
(s > slaos, > JLil g o> 50 05 jlows Cud )b 5 liLo
Slya 6 yosly (claailels 4 g3l i s oS 5 Sgame solic
oy JsSge Ceoty (o JUab Bobe J5SUge S rban Jlud
5 ol slog s il S92 58 Jos 5 9950 i w3900
1 LaiiSen,m @l jb b old 052 5 aiias 5 S0l ol
[oalass oo il

SV 55,50 GalS 0 (Ll femo Sl (55, p Slalllae
el eg3,0,5 Lial3dl L 0olis oyl 45 eols (i (g, Li
O O R b ee 5 la SYlw (5950 (el rals
R R e S e N
LS oyl yrodle 45 el 15 das g anwlis aiile olp yorly
Wil 5953 )L SV (55,5, o3l 5 canlie JS
17 Togt o o jo (20lS 5 (sl ey Gal8l carn

e 5 Joloee 10 (St bl el o(g ol sloJ5SUge 3925

2. Cetyltrimethylammoniumbromide (CTAB)

1. Surfactants
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Figure 2. Molecular structure of partially Hydrolyzed Polyacrylamid [67,68].

1. Partially Hydrolyzed Polyacrylamide (PHPA)

2. Carboxymethyl Cellulose (CMC)
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Figure 2. Diallyldimethyl ammonium chloride (I) - Acrylamide monomer (I1) [72].
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1. Equivalent Circulating Density (ECD)
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Table S. Improved properties of the drilling fluid in terms of the used polymer nanoparticles.

Nanopolymer Propertiesoptimization

Polyacrylamide grafted polyglycol-clay nanocomposite [86] Provides better shale encapsulation than PHPA

Acrylamide polymer based nanosilica hybrid [87] Stabilizes rheological properties and shale inhibition

p filtration | i h
TiO2 -polyacrylamide hybrid or PAM [85,32,6] revents 'trat'onv?:soz??y'mprovedt e mud

Organic-inorganic gel hybrid [76] Prevents loss of circulation

Multi Walled Carbon Nanotube (MWNT)-polymer hybrid
[88]

Ethylenediamine-modified graphene (EDA-G) [76,50]

Improves the sealing system for formation evaluation

Inhibition of clay swelling and shale pores

1. Ethylenediamine-Modified Graphene (EDA-G)
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