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Komroyesrre ci1oBa:

GypOBBIe IPOMBIBOYHBIE KXHUJIKOCTH,
GypOBBIe PACTBOPBI, «3€JIeHbIe
no6aBKu», 6GMOOTXOAHI,
9KOJIOTUYECKH YKCThIe JOGABKH,
cBoiicTBa GypoBOro pacTBopa,
PpacTBOpPHI HA BOJHOI OCHOBE,
IUIOTHOCTBH GYPOBOTO pacTBOpa,
$upTpanus pacTsopa,
peoJsioruyecKue mapameTphl.

An important aspect of hydrocarbon drilling is the use of drilling fluids that remove cuttings and stabilize the wellbore,
providing better filtration. The properties of drilling fluids are essential to the success of any drilling operation. Fluids were
originally developed to enable and cost effectively rotary drilling in subterranean formations. In addition, drilling fluids were
designed to form a filter cake, which was primarily designed to reduce filtrate loss to the formation, was thin, and retained the
drilling fluid in the wellbore. One of the most important functions of drilling fluids is to minimize the amount of drilling fluid
filtrate entering a hydrocarbon containing formation, which can cause damage to the formation due to changes in rock
wettability, fines migration, mud plugging with solids, and formation water incompatibility. To stabilize these properties, a
number of additives are used in drilling fluids to ensure satisfactory rheological and filtration properties of the fluid. However,
the commonly used additives are hazardous to the environment: when drilling fluids are disposed of after drilling operations,
they, together with drill cuttings and additives, are discharged into water bodies and cause unwanted pollution. Therefore, these
additives should be replaced with additives that are environmentally friendly and provide superior performance. In this regard,
biodegradable additives are needed for future research. The review article presents an investigation into the role of various
biowastes as potential additives for use in water-based drilling fluids. The use of waste-derived nanomaterial was considered,
and rheological and filtration studies of water-based drilling fluids were carried out to evaluate the effect of waste additives on
the performance of drilling fluids.

BaxkHbIM acneKkToM GypeHHs YIIeBoJ0OPOJIOB ABJIAETCSA MCIOJIb30BaHNe GypOBBIX PACTBOPOB, KOTOPhIEe YAAJIAIOT GypoBOii 1AM U
CTaGMJIMBUPYIOT CTBOJI CKBaXHHBI, obecreyuBas Jyumyio ¢uibTpanuio. CBoiicTBa GypOBBIX PacTBOPOB BaXHBI AJIs ycrexa
moboii GypoBoii onepanuy. XKuAKocTH M3HAYajabHO ObUIM pa3paboTaHbl [Jisi o6ecredyeHUs BO3MOXHOCTH M 3KOHOMUYHOCTH
BpallaTeJbHOro OypeHHsA MOA3EeMHBIX IjacToB. Kpome Toro, GypoBble pacTBOpH NpeJHa3HaueHbl i 0Opa3oBaHMs
$uIbTPOBaAILHOI KOPKH, KOTOPasi B OCHOBHOM IIpe/iHa3HaveHa /I yMeHblIeHUs NMoTeph GUIbTpaTa B IJIACT, ABJIAETCA TOHKOM
U ynepxuBaer GypoBOH pacTBOpP B CTBOJIe CKBaXMHbI. OIHOI M3 HamGosiee BaXHBIX (QYHKIMI GypOBBIX PacTBOPOB SIBJISETCS
cBe/leHMe K MUHUMYMY KojiMuecTBa (uibTpaTra GypoBOro pacTBopa, HOCTYHAIOMIEro B YIjeBOAOPOJCOAEPXKAlUil IJacT, 4To
MOXET NPUBECTU K IMOBPEXAEHUIO IJIacTa MU3-3a U3MEHEHHsA CMaYMBaeMOCTU MOPOABI, MUTDAl MEJIKUX 4YacTull], 3aKyIOpKH
6ypoBOro pacTBOpa TBepABIMH YacTUI[AMU M HECOBMECTHMOCTH C IJIaCTOBOM BOJOH. [ cTabMyM3aliy 3THUX CBOICTB B
OypoBble PAacTBOPHI IPUMEHSAIOT psAfA A00aBOK, obecleuynBalOIIMX yAOBJIETBOPUTENIbHBIE peosiorudeckrue U (GUIbTpallOHHbIE
cBolicTBa XUAKOCTU. OAHAKO OOBIYHO HCIOJIb3yeMble NOOABKM ONAcHBI JJIA OKpYXalollell cpefbl; NpU yTHIM3alUU GypOBBIX
pacTBOpoB mocjie GypoBBIX paboT OHM BMecTe ¢ OypOBBHIM IIJIJaMOM M Ao6aBKaMU cOpachBAlOTCA B BOAOEMbl U BBHI3BIBAIOT
HexeJslaTeJlbHOe 3arpsizHeHHe. CriejoBaTesIbHO, 3TU [J006aBKU cjlefyeT 3aMeHHTb Jo6aBKaMu, KOTOpble He HaHOCAT Bpefda
OKpy>Kalolllell cpefie 1 o6ecrevnBaioT NPeBOCXOAHbIe XapaKTepUCTUKU. B cBsA3u ¢ aTuM GHopassaraeMsle J06aBKU HEOOXOAUMEI
A OyAaymux ucciaefoBaHuil. B 00630pHOII cTaThe IpefCTaBiIeHO HCC/IeOBaHWE POJIM Pa3IMYHBIX OHMOOTXOAOB B KayecTBe
MOTeHNIUAJIbHBIX [00aBOK [JIA HCIOJb30BaHMA B OypOBBIX pacTBopaXx Ha BOJHOI OCHOBe. PaccMOTpeHO MCIOJIb30BaHHE
HaHOMAaTepuaJsioB, MOJIyYeHHbIX U3 OTXOJOB, a TaKkxke IpPOBeJeHbl peoJiornueckre U (GUIbTPALMOHHBIE HCCIIeJOBaHUsA OyPOBBIX
PacTBOPOB Ha BOAHOI OCHOBe, YTOOBI OLIEHUTh BJIMSHKE OTXOJOB B KayecTBe J0OaBOK Ha XapaKTepUCTUKU OYPOBBIX PaCTBOPOB.
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Introduction

Drilling operations are carried out to extract
oil and gas from natural reserves deep underground
[1]. To facilitate the extraction of hydrocarbons
from the ground a deep well is drilled, forming
its wellbore. The use of process fluids is an
important factor in the drilling process, and these
fluids play many roles, for example, for cuttings
removal and reservoir pressure control [2, 3]. There
are chemical additives used in drilling mud which
have shown desirable properties. However, these
additives are not biodegradable and are hazardous to
the environment [4]. As a result, researchers have
sought to find alternative additives that are
environmentally  friendly, biodegradable and
sustainable  while maintaining the effective
properties of drilling fluids [5].

The rheological properties of drilling fluids are
vital to making the right choice for any well. The
rheological properties of drilling fluids are related
to processes such as hole cleaning, erosion
control, cutter removal, hydraulic design and
pumping. The success of any drilling operation is
highly dependent on the performance and cost
effectiveness of the used drilling fluid.

Drilling fluids are generally categorised as:

1. Air or foam based fluids used where liquid
drilling fluid is not the most desirable circulating
medium.

2. Hydrocarbon-based fluid.

3. Water-based fluids.

For environmental and cost reasons, water-based
fluids have properties which are generally preferable
to hydrocarbon-based fluids. Drilling fluids should
be environmentally friendly and contain the lowest
possible amount of contaminants. Therefore, care
must be taken in the selection of raw materials.
Various polymers are currently used to control fluid
loss and viscosity of drilling fluids, which can be in
the form of natural (e.g. starch), synthetic and/or
modified (e.g. carboxymethylcellulose, or CMC)
polymers [6, 7].

In oil wells drilling oil these polymers reduce
filtrate, alter rheological properties, stabilise shale
and reduce drag and can be used in enhanced oil
recovery processes [8]. The influx of the liquid
phase, known as filtrate, into the productive zones
can lead to a significant decrease in permeability and
hence a decrease in well performance. The inclusion
of natural resins and starch-based materials in
drilling fluid formulations has been the main
solution to control this phenomenon.

Drilling fluids must address several problems
which arise during the drilling process. For example,
the drilling structures erected during this process are
made of metal and are thus susceptible to corrosion,
which in turn affects the overall drilling operation.
A drilling fluid additive with good anti-
corrosion properties can effectively solve this
problem. Another problem is excessive loss of
fluids circulation to the filtrate medium, which is
relatively expensive. To solve this problem, the

addition of drilling fluid should contribute to good
control of circulation, as well as the formation and
thickness of clay crust. Wellbore collapse can also
occur due to the interaction and reaction of drilling
fluids with reservoir fluids. The drilling fluid should
contain an additive that forms a clay crust of suitable
thickness to prevent pipe sticking and maintain the
stability of the wellbore [7].

Other possible drilling scenarios include
equipment failure during wellbore completion as a
process of preparing the wellbore before the
production stage to ensure that the desired
hydrocarbons escape from the reservoir to the
wellbore and then to the outside. In this situation
there are required additives to the drilling fluid
which can control the well and prevent any
significant damage until the equipment is repaired.
Another important aspect of drilling fluid is its
ability to control pH, rheology, and in particular
plastic viscosity, yield strength, and gel strength. The
pH affects the dispersion process and can greatly
affect such physical properties of the drilling fluid as
the properties of the filter cake.

Thus, it was determined that tamarind gum
and polyanionic cellulose showed better rheological
properties and effectiveness in controlling filtrate
loss in oil well and significantly reduced reservoir
damage.

The scientists also found that cashew and mango
extracts improve the corrosion resistance of water-
based drilling fluids, proving that these materials
are good corrosion inhibitors, and concluded that the
use of plant leaf extracts improves the effectiveness
of the additives. Similarly, they determined that
fibrous food waste is environmentally friendly and
improves the performance of water-based drilling
fluids in terms of a wide range of factors such as
better pH control, water yield control, control of the
clay crust thickness and rheological characteristics.
In addition, it was found that biodegradable herbal
powder (GP), compared to starch which is a widely
used additive, is able to control the loss of fluid
circulation.  Although starch showed better
rheological properties than grass powder, this
indicates that grass can be used as an adjuvant in
combination with starch to produce a more
environmentally friendly additive.

Besides, henna leaf extracts and hibiscus leaf
extract were found to improve the rheological
and filtration properties of water-based drilling
mud compared to the conventional additive used
in the industry. Studies have also been carried
out on henna leaf extract henna leaves extract in
terms of its effectiveness in transporting cuttings
during drilling operations. It was found that henna
leaves are effective and have improved the
rheological and filtration properties under thermal
aging conditions [8].

There are many available drilling fluid additives.
These mud additives are chemical substances added
to the drilling mud to modify the properties and
composition of the drilling mud. However, much
effort has been devoted to drilling fluid formulation,
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mainly to improve the quality and functionality of
drilling fluids and to comply with stricter
environmental or marine pollution laws. Some of
them are used to control pH, i.e. to control chemical
reactions (inhibition or enhancement) and mitigate
drill string corrosion. Since synthetic additives are
now being used, several scientists have oriented
their research towards the use of natural products
as additives to these chemicals. The potential of
cacao pods, plantain peels, rice husks and peanut
shells as corrosion inhibitors has been investigated.
Cocoa pod extracts had high corrosion inhibition
potential compared to synthetic potassium hydroxide
(SPH). It was also found that cocoa pod extract
is more thermally stable and is very effective in
reducing filtration losses at high temperatures.
However, it showed a tendency to liquefy as the
drilling mud required an additional viscosifier to
improve its rheology. An experimental study on
the use of burnt plantain and banana peel in local
water-based drilling mud as corrosion control
additives showed that although plantain peel was
more effective than banana peel for increasing pH,
both local additives increased the pH of the drilling
mud to 9.5-12.5, which corresponds to imported
sodium hydroxide [9].

The properties of a mixture prepared with
different concentrations of cellulose processed
from corn cobs were compared with those of a
standard mixture prepared from polyanionic
cellulose. The results showed that the pH, sludge
density, specific gravity of sludge made from
corn cob cellulose was higher than that of standard
sludge, but the rheology of the prepared sludge was
lower than that of standard sludge. The results
show that cellulose derived from corn can
significantly reduce fluid loss in water-based drilling
fluid, suggesting that cellulose is a good means of
controlling fluid loss [5]. The grass added to
the bentonite drilling fluid improved rheological
properties such as apparent and plastic viscosity,
as well as the strength of the gel. The filtration
characteristics of bentonite drilling fluid were
also improved since lower filtration losses were
observed for all samples. However, a pH test has
shown that the addition of grass reduces the pH of
the drilling fluid [10].

In the drilling industry, many additives are
currently used to ensure satisfactory drilling
fluid performance. However, these materials
have been found to be hazardous to both the
workforce working on the site and the environment.
Extensive research has been conducted on possible
alternative drilling fluid additives that meet two
conditions: first, the additive provides the properties
required of drilling fluids; and secondly, it is eco-
friendly, biodegradable and sustainable. This review
presents studies conducted wusing a variety of
environmentally friendly waste additives in water-
based drilling fluids. In particular, the effects of
these additives on rheological properties such as
plastic viscosity, yield strength, gel strength, filtrate
loss, and clay crust thickness are evaluated.

Global scientific Achievements
on the Chosen Topic of Scientific Research

The main functions of drilling fluids include
removal of drill cuttings and wellbore cleaning,
lubrication and cooling of the drill bit and drill
string, wellbore formation maintenance and
prevention of well blowout [11]. Thus, drilling
fluid plays an important role in the oil and gas
industry. As a major factor in the success of drilling
processes, the properties of drilling fluids are
continuously monitored and regulated in accordance
with the American Petroleum Institute (API)
Recommended Practice 13B-1 for WBDF and
Recommended Practice 13B-2 for OBDF». Based on
API 13B-1 Recommended Practice International
Organisation for Standardisation (ISO) prepared and
set out ISO 101 414 under the general title "Oil and
gas industry - Field testing of drilling fluids"
(API, 2009). ISO 10 414 sets out standard procedures
for the regular determination and monitoring of
drilling fluid properties to maximise drilling
performance. These procedures are improved and
periodically revised as new research and
developments become available.

Density or Weight of the Drilling Fluid
Mud density or mud weight is an important

property of drilling fluids which improves
wellbore stability and maintains reservoir pressure.

Low mud density can lead to rock shear
failure, known as a wellbore blowout, which
subsequently destroys the wellbore. However,

there is a chance of possible loss of circulation,
reduced rate of penetration and formation damage
due to excessive mud density values. Thus,
researchers have worked to develop a reliable
route, i.e., PSO-ANN model, to estimate the most
appropriate drilling fluid density under HTHP
wellbore conditions [12].

Plastic Viscosity

Viscosity measures the internal resistance of
drilling fluids, while plastic viscosity (PV) represents
the specific resistance to flow caused by friction
between solids in drilling fluids and fluid layers.
PV depends on the viscosity of the base fluids, i.e.,
water and oil, and the concentration of solids.
In short, an increase in mud weight or solids
content in drilling fluids results in higher PV,
which is undesirable because it reduces drilling
speed. The side effects caused by PV have
been reduced by the addition of water or diluent
additive [13].

Yield Point

Yield point (YP) is defined as the measured
degree of shear liquefaction of non-Newtonian
drilling fluids. It is the ability to carry drill
cuttings in suspension while circulating in the

HEAPOMOJIb3OBAHUE



PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING

wellbore and out of the annulus. In this way, drilling
problems such as differential sticking can be
prevented. As the additive solids decrease in size, the
YP increases. This is due to the increase in the
attraction forces between the solid particles, which
increase the carrying capacity of the drill cuttings
and clean the wellbore [13].

Gel Strength

Gel strength (GS) measures the forces of
attraction  between  particles under  static
conditions, as opposed to YP, which measures
them under dynamic conditions. Thus, gel strength
refers to the ability to hold the drill cuttings
during joints or other static conditions. As it
increases over time, more pressure is required to
overcome the accumulated gel strength and initiate
circulation [14].

Filtrate loss and Clay Cake Thickness

Filtration or water loss measures the amount
of fluid that penetrates the solid clay cake.
According to previous researchers, drilling fluids
penetrate well formations in response to greater
hydrostatic fluid pressure compared to pore
pressure. This leads to the formation of -clay
cake as the pores are filled with suspended
solids from the drilling mud. Consequently,
the rate of filtrate loss and the thickness of
the clay cake decreases as the solids concentration
in the drilling fluids increases. Both filtration
rate and clay cake thickness are controllable
properties of drilling fluids. This is associated
with the high filtrate loss, and clay cake
thickness can potentially lead to seizure of the
differential pipe. Exceptional clay cake has
extremely low permeability, being equally thin,
strong and compressible. Filtration control is
expensive due to the need for many control factors
such as mud concentration, size and type of
suspended solids, concentration of FLC additives,
and thermal stability of the system.

The world's population, currently 8 billion and
growing at 1.1 % per year, depends on the
consumption of the Earth's natural resources. Waste
is unusable materials that have exceeded their useful
life and have been discarded. Unfortunately, a
consequence of this continued consumption is the
proliferation of waste of all varieties.

Waste includes municipal solid waste (MSW),
namely common items consumed and discarded
by the population, and represents the fastest
growing form of waste due to its prevalence in urban
society. It has been estimated that by 2025,
the volume of MSW will achieve about 1.42 kg per
capita per day (2.2 billion tonnes per year),
generated by 4.3 billion urban dwellers. The authors
also calculated that 1.8 million tons of solid waste
will be generated daily in Asia.

Other types of waste are generated from a variety
of sources, including domestic and commercial;

ashes; animals; biomedical and construction
industries; and sewerage. This waste may include
industrial solid waste, biodegradable and non-
biodegradable waste, and hazardous waste.

Some of these types of waste pose a serious
threat to the environment and human health.
Clinical wastes that are generated by medical
clinics, hospitals and laboratories carry a risk of
contamination and can spread disease if not handled
properly [15].

Electrical and electronic waste (E-waste) from
electronic equipment such as cables, wires, cords
and batteries emit hazardous substances and thus
cause serious harm to those who come into
contact with them, especially recycling workers.
In addition, waste management requires the
treatment of hazardous waste wusing a variety
of approaches.

Food waste is a serious global problem
caused by factors such as poor food handling and
management, inadequate planning of food
consumption in households and overcooking in
the food and beverage industry. Nevertheless,
the problem of food waste can be effectively
addressed if the waste can be recycled and reused
for various purposes. Accumulation of food waste
in landfills leads to the generation of methane gas
and further air pollution [16].

Waste in Drilling Fluids

A significant amount of research has been
done on the use of food waste in the oil and
gas drilling industry. For example, a number of
scientists have investigated the use of tangerine
peel powder in an eco-friendly liquid supplement
as an alternative to non-biodegradable additives
that are harmful to the environment. They used
tangerine peel powder as an environmentally
friendly alternative liquid additive compared to
the reference polymer PAC-LV. The addition of
mandarin peel powder gave better results as it
was able to significantly reduce the pH and
reduce fluid circulation losses at a low concentration
of powder. Thus, tangerine peel powder has
been shown to be a good additive for lowering
pH, controlling viscosity, and reducing circulation
loss. This research encouraged the use of food
waste as a suitable alternative to the non-
biodegradable chemicals currently used in the
drilling industry [17].

In addition, grass, hay and palm leaves were
also recognized as acceptable candidates. The
study confirmed that food waste can be recycled
to ensure the environmentally friendly operation
of the oil and gas industry. The herb has been
used as an additive to prepare an environmentally
friendly drilling fluid with a variety of particle
sizes and concentrations. The results obtained
show that the grass added to the bentonite of
drilling mud (all concentrations at different particle
sizes) improved rheological properties such as
apparent and plastic viscosity, as well as gel
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strength. The filtration performance of the bentonite
drilling fluid also improved as lower filtration
losses were observed in all samples. Tests conducted
at pH have shown that the addition of grass reduces
the pH of the drilling fluid.

Grass is offered as a rheology modifier, filtration
control, and alkalinity control for drilling fluid.
We also recommend that studies be conducted with
this additive at elevated temperatures to analyze
its characteristics so that an informed decision
can be made in favor of the proposed herb, which
may be the best choice to replace the current
toxic chemicals.

In the oil and gas drilling industry, drilling
fluid additives are wused for various purposes,
such as pH regulation and imparting rheological
properties including plastic viscosity, gel strength,
and yield strength. These additives must also address
issues such as circulation loss control, wellbore
integrity, wellbore completion, and corrosion
inhibition to ensure smooth drilling. However,
at present, chemicals used for these purposes
are not biodegradable and can have a significant
negative impact on the environment [18]. An
environmentally friendly solution is to use
biodegradable chemicals that do not harm the
environment and at the same time provide the
desired properties of a good drilling fluid.

Recent studies have shown the effect of various
additives derived from waste on the effective
rheological properties of drilling fluids. For example,
the effect of using tamarind seed powder on the
density of drilling fluid has been investigated.
Drilling fluid density is one of the important
properties of drilling fluids and helps to ensure and
regulate the stability of the wellbore and control
reservoir pressure. In the course of the study, it was
found that the density of the drilling mud sample
increases when tamarind seed powder and a
combination of bentonite are added. Increasing the
concentration of tamarind seed powder resulted
in a thicker sample of drilling fluid and an
increase in the density of drilling fluid. Density of
drilling fluid in samples was in the range of 8.22-
8.97 pounds per gallon, which is considered to
be a suitable range for use as an additive in drilling
fluids [19].

The use of environmentally friendly okra as a
viable alternative mud additive has also been
demonstrated as a viable alternative mud
additive. The effectiveness of okra as an
additive was evaluated in the absence and presence
of clay in drilling fluids. In comparison, the
introduction of okra into clay-based drilling
muds showed a greater improvement in
rheological properties compared to drilling muds
without clay. In clay-based drilling fluids, the
addition of 2 and 3 g of okra resulted in an
increase in plastic viscosity (PV) of more than 100 %
compared to the addition of 2 g of starch,
which gave an increase of only 45.7 %. Increasing
the concentration of okra also resulted in an increase
in the yield point of the drilling fluids. However,

it was observed that starch was more effective
in increasing the yield point than okra. In addition,
filter cake thickness decreased with the addition
of okra, with further reduction evident at higher
concentrations.

The effectiveness of okra powder as a fluid
loss regulator was investigated by conducting
fluid loss tests on okra-based drilling fluids.
In addition, rheological tests were conducted to
determine the effect of okra addition on drilling
fluids. Different drilling fluids were prepared on
the base of different concentrations of okra powder
and tested [20].

Besides, saffron purple petals have been
proposed as an environmentally friendly alternative
to drilling mud additives. The addition of saffron
petal powder to the drilling mud resulted in an
effective increase in PV values. As the concentration
of purple saffron petal powder increases, the PV
value also increases. Moreover, the introduction of
this powder in the drilling mud also significantly
increases the yield point as compared to the base
mud. The inclusion of saffron purple petal powder in
the drilling mud showed excellent filtrate loss;
herewith the volume of filtrate gradually decreases
with the increase of powder concentration. Its
addition to the drilling mud also resulted in a
reduction in clay cake thickness compared to the
base mud [21].

Nanomaterials are manufactured substances
ranging in size from 1 to 100 nanometers (nm)
and are therefore wused in extremely small
dosages. Nanomaterials are widely used in various
fields, such as pharmaceuticals, automotive
engineering, electronics, and above all in a number
of areas of the chemical industry. An example of this
is the drilling industry [22].

To facilitate well drilling, drilling fluids are a
vital factor for successful drilling; That is, the fluids
help to remove drill cuttings and fragments from the
drilling area and wellbore.

Nanomaterials have an extremely high surface
area-to-volume ratio due to their nanoscale
particles. Therefore, WBDF containing the active
agents of nanomaterials has improved physical
and chemical sensitivity which improves its
performance compared to OBDF. In addition to
the advantages over OBDF improved
nanotechnology-based WBDF is also cheaper and
safer for the environment. For example, graphite
nanomaterials are excellent binders and have
been successfully used to create a dense,
impermeable and thinner clay cake. This allows the
nanopores to be physically connected, thereby
reducing water loss during the formation of shale
rocks. Therefore, the use of the graphene family
increases the stability of the wellbore [23].

In addition, nanomaterials are also used as
lubricants to reduce friction between the
wellbore and the drill string, hence reducing
the chances of pipe sticking. For example, adding
traces of nanomaterials to drilling fluid has been
found to promote its transformation into nanofluid,
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play an important role in improving the quality of
the clay cake and reduce pipe adhesion to the
formation, promote good wellbore stability and
reservoir protection, and increase oil recovery of
both oil and gas products. This was made possible by
the modification of the liquid caused by
nanoparticles and contributed to its excellent
performance [24].

Another reflection of this finding was obtained
in a number of studies, in which the authors
found that nanomaterials helped improve the quality
of the clay cake and reduce losses during
the circulation. They also found that when
nanomaterials were used as thickeners, emulsifiers,
and lubricants, they improved the quality of wellbore
cleanup, wellbore stability, and reservoir protection,
as well as increased oil and gas recovery.

Other researchers have analyzed important
parameters related to the use of nanomaterials.
This study highlights the key factors which need to
be considered to ensure good drilling fluid
performance [26].

In addition to materials derived from
waste, recent studies have presented nanomaterials
as a promising alternative for use in the function
of additives in drilling fluids. For example, the effect
of Fe,O,-nanocomposite  carboxymethylcellulose
(CMC) as an additive to control fluid loss
in drilling fluids was evaluated. In this study,
the effect on the rheological properties of drilling
fluid with and without the addition of salt was
studied. The study showed that the use of a
nanocomposite increases the viscosity of the drilling
fluid in both conditions. According to the results of
the study as a whole, the yield point of drilling
fluid is further increased with an increase
in the concentration of the nanocomposite. It has
been observed that the addition of a nanocomposite
to the drilling fluid makes it possible to obtain a
thinner filter cake compared to the CMC drilling
fluid system [27].

The importance of increasing the appropriate
concentration of additives in the drilling fluid to
improve the properties was investigated by
increasing the concentration of copper oxide (CuO),
also called polyacrylamide nanocomposite, in the
water-based drilling fluid. It was found that the
increased concentration significantly minimized fluid
loss and filter cake thickness compared to the
absence of nanocomposites. Higher viscosity, thermal
conductivity, and favorable porosity of the filter cake
have been observed [28].

Another important distinction was made by
comparing the characteristics of the drilling fluid in
salt and non-saline water. It was found that both
types showed the best performance under certain
conditions, and that a certain concentration of salt
can provide the best performance for both salt and
unsalted water. This study again showed that
additives play a vital role in the performance of
drilling fluid [29].

Other nanomaterials, such as graphene and
magnesium oxide (MgO), were also studied in

various concentrations and separately in combination
with commercial nanobentonite to observe the work
of the liquid. The addition of MgO with
nanomaterials resulted in improved filter losses and
yield point. This suggests that a wide range of
additives in appropriate concentration can improve
the performance of drilling fluids [30].

Graphene materials are widely used in drilling
fluids because they improve the rheological
properties of these fluids. The use of grapheme
oxide additive in water-based drilling fluids was
found to improve their filtrate absorption
characteristics, significantly reducing filter cake
thickness and fluid loss, and optimizing shear
thinning and thermal stability. It has also been
observed that graphene, both in the form of flakes
and in powder form, contributes to improved
performance. This study demonstrates that the
presence of an additive affects drilling fluid
properties and shows how the form of the additive
can contribute to value-added properties [31].

It has also been observed that conventional
water-based drilling fluids exposed to water-sensitive
oil shale cause the oil shale to absorb water from
the drilling fluid, leading to problems during
operation. Consequently, water-based drilling fluids
must contain additives to effectively inhibit shale.
Salt compounds have been used to inhibit shale.
However, high concentration of salt compounds
affected the  surrounding ecosystems. The
concentration was changed and the shale was
successfully inhibited. This study demonstrates the
importance of optimal additive concentration in
drilling fluids to achieve superior drilling fluid
performance without side effects [32].

Similarly, polyoxyalkyleneamine (POAM) has
been investigated as a potential additive. POAM
was found to improve shale inhibition properties
in  water-based  drilling  fluids. @ Additional
advantages of POAM are water solubility, good
compatibility with other drilling fluid additives and
non-toxicity. Further, nanomaterials have been
investigated as potential additives for wuse in
drilling fluids [33].

In the drilling industry, many researchers have
studied nanomaterials and found a wide range of
chemicals that can improve the properties of
drilling fluids. A clear advantage of using
nanomaterials is that their required quantity
is very small. Consequently, the use of nanomaterials
can conserve resources. The drilling industry
spends millions of dollars to eliminate wellbore
instability. The use of nanomaterials as additives
to drilling fluids must be economically feasible so
that resources can be conserved. For example,
nanomaterials which are used to reduce filtration,
such as thickeners, emulsions, and clays, can
reduce the rate of water penetration into shale
because these nanomaterials are small enough to
insulate shale, thereby strengthening the wellbore.
The researchers found that SiO, nanoparticles added
to water-based drilling fluids enhanced inhibition
as well as filtrate loss and rheological properties.
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An additional advantage is that obtaining SiO,
nanoparticles has low cost due to common
methods of their production. It was found that the
optimum concentration of SiO, nanoparticles is less
than 1 % wt./vol. in oil shale inhibition, which
amounts to a very small and therefore economical
concentration [34].

Other studies have proposed SiO, nanoparticles
as an additive to water-based drilling fluids.
They found that SiO, nanoparticles increase the
viscosity of the fluid, allowing it to carry drill
cuttings away from the wellbore more efficiently.
This keeps the wellbore clean and therefore does
not create problems when the drill has to be removed
or maintenance is required [35].

In addition, the wuse of SiO, nanoparticles
with xanthan gum as a base in water-based drilling
fluids was investigated and found to have increased
yield point, superior well cleaning ability, reduced
filtrate loss and more effective lubrication of the
drill bit during operation compared to drilling fluid
without SiO, [36].

Bayat et al. studied four types of nanoparticles,
namely aluminum  oxide (Al,0;), titanium
dioxide (TiO,), SiO,, and CuO in bentonite, and
their effects on water-based drilling fluids.
They found that the combination additives
improved the overall rheological properties and
strength of the gel at low concentration compared
to a base liquid without nanoparticles. This shows
that additives effectively improve rheology at low
concentration and thus save resources during the
drilling process [37].

In the other recent studies it has been
evaluated the effect of zinc oxide (ZnO)
nanoparticles on the rheological properties of non-
damaging drilling fluid (NDDF). Compared to the
base NDDF, NDDF with the addition of ZnO
nanoparticles exhibited higher shear stress and
viscosity. The addition of ZnO nanoparticles to
NDDF helped solve the problem of NDDF
degradation by stabilizing viscosity at higher
temperatures. Temperature sweep measurements
have shown that a good operating temperature range
of basic NDDF is between 70 and 80 °C. NDDF
containing ZnO nanoparticles has demonstrated
improved fluid loss control. However, it was
observed that an increase in pressure led to a
decrease in fluid loss [38].

The above-mentioned studies have demonstrated
the efficacy of food waste in drilling fluid
additives as a substitute for environmentally
hazardous materials currently used in industry.
In this regard, it is necessary to promote the
concept of "waste to wealth" by studying the
possibility of applying unused derived waste as
additives to drilling fluids, as well as to solve the
problem by studying the rheological properties of
additives providing their viability and economic
efficiency [39].

One of the important characteristics of drilling
fluids is lubricity. Lubricity is required to
reduce friction due to the constant contact

between the wellbore and the drill string in
horizontal and directional wells. There are two
main aspects regarding the lubricity of drilling
fluids, which are called torque and resistance.
Torque refers to the frictional resistance to the
rotation of the drill string, whereas resistance
is described as the frictional resistance to the
lowering and lifting of the drill string. Compared
with water-based drilling fluids, it is evident
that oil-based drilling fluids have better lubricating
properties. However, water-based drilling fluid is
preferable to petroleum-based drilling fluid due to
the use of environmentally friendly additives in
the first one. As a result, lubricant additives are
used in water-based drilling fluids to reduce
friction between the wellbore and the drill string,
reduce the likelihood of differential stick and
increase drilling speed [40].

It was presented the research of thermophysical
properties of drilling fluid containing nanoparticles
aimed at studiyng the ability of drilling fluid to
transfer heat. The use of nanoparticles, including
titanium dioxide nanoparticles and hydrocarbon

nanotubes (HCNT), has been proposed due
to the fact that nanoparticles have a high
specific surface area, which can increase the

heat transfer rate. The study found that drilling
fluids integrated with HCNT exhibit a higher
percentage of convective heat to conducted
heat ratio compared to solutions that use titanium
dioxide nanoparticles. Thus, HCNT are not
recommended for improving the coefficient or level
of convective heat transfer. In addition, the study
observed an increase in heat transfer rate and
convective heat transfer coefficient while decreasing
the average size of titanium dioxide and HCNT,
respectively. This indicates that the size of
nanoparticles is an important parameter which
should be considered while using nanoparticles in
drilling fluids [41].

In drilling fluids, lubricity reduces torque
and drag force. As a rule, the lubricity of drilling
fluids is measured by the reduction in torque,
which can be determined by the coefficient of
friction (CoF). CoF is defined as the ratio of the
frictional force between two bodies to the force that
presses them together. Ideally, a good lubricant
should have favorable properties, including high
viscosity, high lubricant film strength, low
flammability, low corrosion, and high solubility, and
must also be nontoxic. The addition of a minimum
amount of lubricants is sufficient to ensure adequate
lubricity of drilling fluids [42].

Studies have reported on various types of
additives used as a lubricant for drilling fluids,
including modified vegetable oils and purified
polyols. The combination of polyols and drilling
fluid alters the wetting characteristics of the drilling
fluid, causing it to behave similarly to petroleum
drilling fluid [43]. Therefore, the Ilubricity and
stability of the drilling fluid have greatly been
improved. However, polyols can also change the
wettability of reservoir rocks, leading to the
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formation of water blocks [44]. Currently,
polyalkylene glycols (PAGs) and polyalphaolefins
(PAOs) are the most common types of lubricants
used in drilling fluids [45]. PAOs are preferred
in  synthetic drilling fluids due to their
remarkable lubricating properties, and they are used
for wellbore cleaning, shale stabilization, and bit
cooling and lubrication [46]. However, PAOs have
disadvantages, including a small viscosity range and
low polarity [47].

In recent decades, there has been a growing
interest in the use of nanomaterials as lubricant
additives. This interest has been motivated by the
industry's move towards the wuse of water-
based drilling fluids owing to the environmental
concerns associated with the use of petroleum-based
drilling fluids and synthetic drilling fluids [48, 49].
The new properties of nanoparticles offer many
potential applications, especially in the oil and gas
industry.  Recently, the potential wuse of
environmentally friendly nanoparticles in drilling
fluids has been demonstrated. This approach
significantly = improved the lubricating and
rheological properties of the drilling fluid at the
expense of the asymmetric morphology of
nanoparticles, which facilitated the rotation of
metalto-metal surfaces [50].

Existing Unsolved Scientific Problems
on the Topic of Research

According to the results of the latest research,
the wuse of environmentally friendly additives,
such as biowaste, has greatly improved the
performance and functionality of drilling fluids..

However, several challenges need to be
addressed before these biowastes can be applied
and commercialised on a large scale in the oil
and gas industry. One of the key challenges is that
the feedstock waste and waste-derived nanomaterials
can contain large amounts of impurities, which
requires an additional purification process.
Therefore, it is necessary to carry out further
research aimed at the improvement of the
waste-derived nanomaterials characteristics and
optimization of their production. Schematic
representation of the problems associated with
the waste collection and recycling and the
interrelated role of consumers in society are
given in [10].

Besides, it is also important to investigate new
waste derivatives by conducting ageing tests and
experimental research under HPHT conditions to
study the decomposition of environmentally friendly
additive [12].

Moreover, the environmental impact of
waste-derived nanomaterials should be addressed.
These waste additives can be used and optimized
in OBDF and SBDF formulations in addition to
WBDF ones [11].

In addition, a thorough comprehensive
quantitative analysis of the different types
of green additives and their characteristics can be

carried out to determine the best rheological
improvements.

In the future, the role of environmentally
friendly additives derived from waste will play an
important role in the preparation of new
environmentally friendly additives for drilling
fluids. It is recommended that future studies
should be focused on the identification of a green
additive  optimally improving the essential
rheological and filtration properties of drilling
fluids. Therefore, a breakthrough is possible by
increasing the efficiency of drilling operations while
reducing any harmful risks to the environment and
personnel health [15].

Methods for solving existing
Scientific Problems

In order to implement the use of materials
derived from waste, more research focused
on their application in the oil and gas industry
is needed. Waste, such as food waste, can be used
as an alternative to harmful and toxic additives
that are commonly used in drilling. To date,
many materials derived from waste have
been researched due to their potential use as
additives. These materials include food waste,
such as durian peel, and plant waste such as
black sunflower seeds. The role of nanomaterials
derived from waste and the key -characteristics
that can increase the efficiency of drilling are set
out in [8].

The recommendations of the authors of this study
are as follows:

* A comprehensive study of the interactions
between materials derived from waste and the
content of drilling fluids, such as bentonite, should
be carried out;

» The cost-effectiveness of waste management
requires more attention prior to commercialization
n order to ensure consistency in the production
of drilling fluids with improved rheological
properties;

* In-depth analysis is required to develop
extensive methodologies for manufacturing additives
based on waste-derived materials;

» Future studies should consider the analysis
of the lubricity of drilling fluids with the use of
waste-derived materials. Careful examination is
needed to study the morphological properties of
drilling fluids;

+ The possibility of converting waste into
nanomaterials and the reproducibility of the
conversion should be considered for different
applications;

* A comprehensive quantitative analysis of
nanomaterials used in drilling operations is
needed. Particular attention is required to determine
optimal concentrations to improve resource
conservation;

» Additional research should focus on the
mechanisms of interaction between nanomaterials
and other additives present in drilling fluids;
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* A comparison of drilling fluid optimisation
should be made between water-based drilling
fluids wusing nanomaterials and synthetic and
petroleum-based drilling fluids. The comparison
should be made in relation to conventional
base fluids subjected to high temperatures and
pressures [11].

Conclusion

The increase in waste production is a
major concern due to its impact on public health
and the environment. In particular, the mishandling
of food waste has become a serious global
problem, creating a need for more efficient
solutions that utilise these materials for a variety of
purposes.

Based on the performed analysis the following
conclusions were made:

1. Chemical additives to drilling fluids are
necessary components to facilitate drilling operations
by improving the properties of the fluids, including
rheological properties and filtrate loss.

3. Studies have shown that materials derived
from waste, including food waste, can be an
environmentally friendly alternative to the toxic
conventional chemical additives used in water-based
drilling fluids.

4. The materials summarized in this review article
include food waste and waste from plants.

5. The potencial of these materials was
evaluated in terms of their effect on yield strength,
plastic viscosity, filtrate loss, and clay cake
thickness.

6. Nanomaterials are viable alternative additives
for drilling fluid applications.

7. Nanomaterials can be used economically due to
the low concentrations required for their effective
use in drilling fluids.

8. The lubricity of drilling fluids is a property
which is considered necessary to ensure smooth
drilling.

9. On the basis of generalized studies it
was revealed that the amount of less than 1 g
is sufficient to change the lubricity of drilling
fluids.

2. Food waste can be considered as a sustainable
alternative to drilling fluid additives used in the oil
and gas drilling industry.

10. Water-based drilling fluids require lubricating
additives to provide better lubrication and thus
reduce friction during drilling.
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