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Perspectives of use of nanocellulose in oil and gas industry
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Abstract

The article reviews basic properties of nanoceflaejandicates sources of raw materials and petid&ofits formation. |
has been found out that the main factors that uhéterthe size and structure of nanocellulose igdlaematerial, the conditio
of treatment and methods of generation of nanoscgstals.

It has been demonstrated that cellulose nanopsstichn be used as environmentally friendly additfee waterbaset
drilling fluids with predetermined rheological arfiltration properties, as well as correspondingrihed resistance, whit
increases the efficiency of drilling technology.

It has been noted that the nanocomposite materidlufose —polyethylene" can be raw material for the productof &
new generation of plastic pipes with better strengjiaracteristics and high resistance to slow apéircrack propagation
compared to traditional materials.

Keywords:drilling fluids, nanocellulose, plastic pipes, pokr composite, rheological properties.

During the extraction, transportation and At the same time, the use of plastics derived from
processing of oil and gas, technology must beenewable raw materials capable of biodegradati@ami
sophisticated, equipment must be reliable and thectual problem of modern materials study, related t
materials being used should have predefined priegert both the needs of new functional polymers, and the
suchas high reliability, thermal, corrosion andrmof@l problems of limited oil and gas reserves, reduc
resistance [1, 2]. Composite materials are the b®st emissions, disposal of used polymer materials that
meet these requirements. Composites providmllute the environment [6].
constructions with specific characteristics, esalbciif

they are combined with other materials [3, 4]. Production and properties of nanocellulose
Plastics are flexible, chemically resistant materia
with low thermal conductivity, excellent dielectramd Cellulose (fiber) is the most common natural

optical properties, high corrosion resistance, ah#ity  biological polymer [7]. It is located in the ced$ plants
to absorb and extinguish vibration. This explainsit and bacteria. Cellulose chains are built from the
widespread use in the oil and gas sector. Todag,06n remnants of3-glucose and have a linear structure, and
the promising areas of research is the developmgnt all the OH groups are only outside of the circhig( 1).
principles of obtaining and study of the propertafs Due to this hydrogen bonds are emerging between

polymer composites and nanocomposites [5]. macromolecules of cellulose, which give substance
Modification of polymers, including structural andstiffness and make it insoluble in water.

chemical mc_>dification, using react!ve compounden'e CH,OH CH,OH

of the effective methods of regulating their stanetand '

properties. Thanks to them, it is possible to @ea H O

composites that combine the beneficial properties « K5y H

polymers and fillers and are plastic. This combarat

S OH

significantly expands the scope of use of thes

materials. H OH
Figure 1 — Structural formula of cellulose

* Corresponding author: Currently, cellulosic materials are widely used for
ztk@nung.edu.ua a variety of nanostructures, nanocrystals, nantfibad

© 2016, Ivano-Frankivsk National Technical nanocomposites. Nanocomposites can be fully formed
University of Oil and Gas. from cellulose (matrix fibers are longer, and thieif is
All rights reserved. cellulose nanocrystals). They may contain nanogasti
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of metals and semiconductors, have an organic xnatsvhich are connected via hydrogen bonds. Hydrogen
from bacterial or chemically modified cellulose. Inbonds between molecules of cellulose are stronggno
composite materials, cellulose is also combinechwitto provide strength and rigidity of cellulose
synthetic polymers [8]. nanocrystals. These nanofibrils form sections, hictv

The source of raw material for cellulose is timberthe molecules are arranged, and the cellulose slza@m
which is a combination of cellulosic fibers heldjgvher parallel.
by lignin matrix — another natural polymer thaesssily In some of these areas there are few disordered
decomposed and removed. The process of productionr@nofibrils, separated by amorphous secluded area.
cellulose is to remove lignin and obtain an aqueoughese individual nanocrystals can be easily remdwed
suspension of cellulose fibers. Typical wood paper dissolving amorphous areas with strong acids.
(Fig. 2) is tens of microns wide and about a miditar The length of the material, separated from wood, is
in length. Cultivated crops, such as cotton andasugususally a fraction of a micron. It is of a squaeetion
beet pulp could serve as alternative raw mateniatee  with sides of a few nanometers. Its density is lew
production of cellulose [8]. 1.6 g/sm, but it has high strength: modulus of elasticity

is 150 GPa and tensile strength is up to 10 GPbléTH

[9].

L Table 1 — Properties of different materials

Material Modulus of Tensile
elasticity, GPa| strength, GP3
Nanocellulose 150 9,5
Kevlar 49 125 3,5
Carbon fiber 150 3,5
Carbon nanotubes 300 20
Stainless steel 200 0,5
Oak timber 10 0,1

As the table shows, only carbon nanotubes have a
greater strength if compared to cellulosic nandefgs
Stainless steel can be only compared with tradition
materials. Nanocellulose crystals are stronger and
tougher than kevlar. And one can get products gifidni
strength but less weight. Besides a large number of
hydroxyl groups on the surface of nanocelluloseved!
various chemical modifications that let us get mate
with desired properties and use in different spharie
oil and gas industry.

The methods of manufacturing of nanocellulose
have been scientifically investigated since 196t ia
the last decade it has been produced on an indlustri
scale. The technologies of nanocellulose production
have been developed, taking into account the data
obtained from studies of properties of microcrytal
cellulose. Microcrystalline cellulose is a prodaétthe
chemical degradation of cellulose, which has a high
purity and high content of ordered cellulose with
crystalline orientation of macromolecules.

The main difference between the nano- and
microcrystalline cellulose (Fig. 3) is the size lafhly
crystalline aggragates and the degree of crysigllin
which in its turn causes the appearance of theicifip
properties. Dimensions of nanocellulose fibers vary
widely. Cellulose nanocrystals are core with a thraf

a — timber cellulose; b — cotton cellulose;

¢ — sugar beet pulp cellulose 50-2000 nm and a diameter of 3-40 nm. The main
Figure 2 — Fibrous semiproducts for cellulose factors that determine the size and structure of
production nanocellulose is the raw material, processing ¢
and methods for production of nanoscale crystdli [1
If you break cellulose fibers to nanofibrils thae a Creating composites, containing fillers of

about a thousand times smaller than the fibersanosized dispersion levels, is a new and promising
themselves, you can get a three-dimensional grid dfrection in the development of materials scier®@ae
long unbranched filaments of cellulose moleculesf the promising options in this area is the usaatfiral
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ecological biogradable materials instead of chelmica
that are harmful for personnel and environment.[12]

To improve the efficiency of drilling fluids and
address the growing problems in the oil and natgaal
production, micro- and nanoparticles are used with
increasing frequency [13, 14]. The results of sadi
[15, 16] have shown that nanoparticles of celluloar
be used as ecologically clean biogradable additioes
water-based drilling fluids with specified rheologi
and filtration properties and corresponding thermal
stability.

The particles of cellulose nanocrystals can be used
as an additive to cement slurry. It is known thet s
cement ring is impermeable to gas as a pillar of
suspension being injected. However, there is thesgh
between the two states, which lasts only a few $our
during which the cement is losing the propertieshef
liquid, but not yet is a solid impermeable substanc
migration of gases can occur during this perioddiAg
of nanocellulose particles can provide hermetic
insulation of cement slurry during the whole periafd
cement slurry setting [15, 17].

One of the new and promising areas with a high
potential for improving deepwater drilling operats
safety while maintaining profitability is to useregel
as an effective insulated layer in marine exploraand
extraction of oil and gas [18].

Aerogel is a special highly porous nanostructured
material with unique properties: low density (0.80%
g/snt), a large specific surface area (600—100%g)n
with a pore size of about several nanometers, low
thermal conductivity (0.02 W/mK). The properties of
this material are determined by the synthesis c¢immdi.

By changing these conditions, you can get the nadser
with the necessary mechanical properties.

Sound isolation is the main condition of
underwater oil and gas operations, as there ied for
) ) a thermal barrier between streams of transported

Figure 3 — Electronic photos of samples hydrocarbons and sea water. It is important to taain
) ) ) ) ~ the temperature of crude oil or natural gas flowing
polysaccharldes, |nclud|_ng cellulose, with a distin through pipes within the range of 30-50 °C, which
fibrillar  structure, to improve the physical andprevents flow restriction or pipe clogging due tatate
mechanical properties of various polymers, acceraformation or wax delay in the transportation of
their biodegradation after the end of use, reducy Chydrocarbons to the sea surface. In [19, 20] it besen
emissions in the process of production, procesaim) reported that the use of clean and strong aerdyeds
properties. Limiting factors in the creation of quusites deepwater oil and gas pipelines by reducing the abs
of this type are dispersing of polysaccharide Ebtd s installation, increasing the flow of hydrocansp
with the correct ratio of length to diameter [11]. steel pipeline designs and reliable insulation.
) ) Cellulose can be perspective polymer for the
Use of nanocellulose in hydrocarbons production  production of polymer aerogels on biological basis
S because of its biodegradability at the end of the
~Inthe process of well drilling in oil and gas fie operation period, availability, biocompatibilityne the
it is necessary to make a durable, sturdy and atestll apjjity for chemical modification [21]. The porous

channel, connecting the productive horizon with theerogel is notable for elasticity in spite of comtenal
surface. Drilling fluids are crucial in wells difly. It zer0s0ls.

must be mentioned that not only the effectivenelss o | the course of research it has been found ot tha
dr|”|ng but also the life of a well depend on tablllty aeroge' from cellulose read”y absorbs Oil, o) tfh@
of drilling fluids to provide for its functions idifferent pads with cellulose aerogel can collect spilledfaim
geological and technical conditions. Therefore,isit the water surface, and their ability to absorb bsw
preferable to use drilling fluids, containing cleamog times greater than its weight, and floatingspaiter

a — microcrystalline cellulose; b — nanofibril calibse;
¢ — nanocrystalline cellulose
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the removal of product and washing can be re-usedake providers to introduce innovative methods of
[22, 23]. laying pipelines and use new materials.

During the search, exploration and development of  Innovations in this sphere include primarily
oil and gas fields different technological trangpi trenchless laying techniques in the constructiomenf
used, such as logging platforms, geophysicgilastic and replacement or repair of metal pipsline
exploration laboratories, seismic vibration exptama damaged by corrosion [29]. Methods of trenchless
unit, units for maintenance and major repairs bfaod laying of pipelines are alternatives to the tratitl
gas wells, mobile compressor stations, etc [24]. trench method to overcome the obstacles encountered

All the transport and attachable equipmenbn the path of the pipeline (rivers, roads, dants,) e
(rigging) are set in motion by gasoline and diesekithout violation of their functioning. Trenchleksy/ing
engines of vehicles through transmission elementsf pipelines is a high-tech process that is carnet
including power take off devices and gearboxesising modern equipment.
reduction gear boxes, chain transmission shafté wit Laying of plastic pipelines by trenchless method
bearing units etc. To ensure reliable operation afan be performed using different technologies, sagh
engines and transmission units, high performante osoil piercing, horizontal directional drilling and
and high-value gasoline and diesel fuels and gatsenchless plowing. The difference between these
compressed natural gas and LNG are used. technologies does not affect the quality of perfedm

Currently, the researchers are working to creatgorks. It is caused only by natural and other ctows
new materials in order to enhance the reliabilihd a such as composition and density of soil, remotenéss
reduce the weight of vehicles. Thus, accordinght® t communications and diameter of pipes being laid.
authors [25], reducion of vehicle weight by 10 % ca One of the most effective methods for replacement
reduce fuel consumption by 6-8%. Polymeand modernization of gas pipelines that has seitged
composites, based on nanocellulose due to lowesitgen time is "berstlayning”. It is a method that invadvihe
help to reduce weight and basically meet théestruction of the old, worn-out or damaged piped a
requirements of the automotive industry, and in somaying new in its place. Old pipes are destroyed by
cases are even much better [26]. powerful units with knives, moving along the pipeli

Reducing the cost of motor fuel in the operation offragments are pressed into soil with an expandenT
oil and gas process transport is an important fasfo a new pipe of a larger diameter is being put it t
energy saving and environmental protection. It ispace, which can significantly increase the capaufit
particularly important to solve this problem duethe the new pipeline.
forecasted decrease in production of oil, gas anotbm The fragments of the old metal pipeline remain in
fuels, particularly fuels for transporting and diniy of the soil. During installation and maintenance wadhesy
attachment equipment (rigging) of oil and gasan contact the outer wall of the new pipeline.
technological transport. Therefore, a new tube should be made from material

Several car producers, including Ford conduct with high resistance to external influences.
stable policy aimed at use of nanocellulose. They Experimental data [30] indicate that the
replace with it traditional plastic materials sugh talc introduction of cellulose nanoparticles in various
and glass fiber, that except for technical and eotia synthetic polymers, especially polyethylene, hetp t
advantages, promotes improvement of ecologicaihprove a number of performance characteristich suc
situation [27]. as shear modulus, strength, heat resistance,

In terms of analysis and design of manufacturingygroscopicity, gas and air permeability, and many
operations in vehicles production, as well asthers. Moreover it is enough to enter up to 10% of
understanding of the relationship between strucame cellulose nanopatrticles.
properties of polymerstheir rheological propertes of Thus, the effectiveness of innovative construction
a great importance [28]. However, despite itand renovation of polyethylene pipelines dependthen
importance, the rheological properties of nanopossibilities of using pipes made from new generati
composites based on cellulose are rarely investigatmaterials. Polyethylene nanocellulose composites ar
and up to date little studied. Because such stuglels rather promizing in this regards as they possess
their implementation will effectively maintain and appropriate performance characteristics: high tasie
increase the use of nanocellulose composites ipusar to point loads and high resistance to slow anddrapi

fields of oil and gas process transport. crack propagation. The use of this composite nedteri
the form of single-layer and multi-layer pipes wiklp
Nanocellulose use pipeline systems to increase the pressure in the system and the

productivity of the pipeline in general. Regarditige

The use of polyethylene pipes may help us toonstruction of plastic pipelines in the near fattinere
increase reliability of oil field piping systems dan must be a new approach, focused on the applicafion
reduce energy and labor costs in the construction wenchless technologies and use of pipes made from
pipelines. Currently in our country and abroad guith  polymers of new generation, which in its turn regsi
experience in the use of plastic piping in gasitiistion the development of evidence-based strategies of
systems has been accumulated. However, the issuedefrelopment of this direction and improvement & th
reliability, cost of work and increase of servidée | regulatory framework of works to be implemented.
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materials mechanicsproceeding of the '3 International
Scientific and Technical Conference dedicated &rttemory

Creation and use of composite materials whicOf Professor VlArhanhelsk, pp. 212-217. (in Russian)

contain nanosized fillers of dispersion, is a newd a [11] Chirayll, C, Mathew, L & Thomas, S 2014,

. . 'Review Of Recent Research In Nano Cellulose Preparatio
promising area O.f oil and gas Se°t°'f developmer‘f.;om Different Lignocellulosic FibersReviews on Advanced
Adding nanoparticles of cellulose improves th

. -~ . g -2 &aterial Scienceno. 37, pp. 20-28.
efficiency of drilling fluids and cementing comptisns [12] Myslyuk, MA, Rybchych, 1Y, Yaremiychuk, RS
and the use of aerogels containing cellulose is&®a 2002, Wells drilling: Handbook: In 5 vol. Vol. 2.: Flushg
resistance to deep-sea pressure, improves isolatidn wells. Drilling bits weay Interpress Ltd, Kyiv. (in Ukrainian).
heat insulation of deepwater oil and gas pipelines, [13] Abdo, J & Haneef, MD 2012, 'Nano-Enhanced
reduces steel content in piping designs and cost drilling fluids:  Pioneering approach to overcome
installation. uncompromising drilling problems’,Journal of Energy

However, despite its relevance chemical, structurf&sources Technologyol. 134, iss. Ipp. 501-506.
! P , [14] Al-Yasiri, MS & Al-Sallami, WT 2015, 'How the

Conclusions

and mechanical properties of cellulose-based coitgpos

materials have been insufficiently studied. Alserthis

drilling fluids can be made more efficient by using
nanomaterials’,American Journal of Nano Research and

a need to study the properties and characteristics ApplicationsVol. 3, no. 3,pp. 41-45.

different types of nanocellulose
nanofibryl, bacterial cellulose and mechanismsheirt

nanocrystals

[15] Petrus,
compositions  for

G 2015, Plant derived cellulose
use as driling muydsUS Patent

interaction with other materials. This research an20150203737 Al.

implementation of recommendations at the different

[16] Meichum, Li, Cinglin, Wu, Kunlin Song, Yan Cing

stages of hydrocarbons production and transpontatié& Yigiang , Wu 2015, "CelluloseNanoparticles as Miis

will increase the efficiency of enterprises, enstiveir
competitiveness on the domestic and global makeds
improve the ecological situation.
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MNepcnekTMBM BUKOPUCTAHHA HAHOLLENIONO3M
B HadpTOBIN i ra3oBi NPOMMUCIOBOCTI

M. Hanuyk', JI. Hlnanax®, A. Hanuyx*, M. IlIk000°, B. Kenvuunckiii®
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Iearo-PpanKiechKuil HAYIOHATLHUL MEeXHIYHULL YHIGepCUmem nagmu i 2azy;
eyi. Kapnamcwra, 15,m. leano-@panxiscok, 16019 Vrpaina

Ioancera Ionimexuixa;
eyn. Fabpiena Hapymosuua, 11/12, 80-233] dancok, IHonvwa

Po3rnsiHyTO OCHOBHI BIACTMBOCTI HAHOIICTIOJIO3HU, BKAa3aHO JKEpella CHPOBHHU Ta OCOOJMBOCTI mpolecy ii
YTBOpCHHsS. BCTaHOBIICHO, 10 OCHOBHUMH YMHHHMKAMH, SKI BU3HAYAIOTH PO3MIP 1 CTPYKTYpPY HAHOLECIIONO3H, €
BUXiJIHA CHPOBHMHA, YMOBH 11 00p0OOJIEHHS i METOAM OTPUMAaHH HAaHOPO3MIPHUX KPHUCTAJIB.

[Toka3zaHo, 1[0 HAHOYACTUHKY IICTFOJIO3U MOXYTh OYTH BUKOPUCTAHI y BHIJISAII CKOJOTIYHO YUCTUX TO0OABOK
JUIsL OTpUMaHHS OYpPOBHX pO3YMHIB Ha BOJHIA OCHOBI i3 3aJlaHUMH PEOJIOTIYHUMH Ta (iIbTpaiiHAMU
BIIACTHBOCTSIMH, @ TAKOX BiATIOBIIHOIO TEPMOCTIHKICTIO, IO IMiIBHUITY€E €(hEeKTUBHICTh TEXHOJIOTIH OypiHHSA.

Bim3HaueHo, 1mo HAHOKOMIIO3WIIIHHUI MaTepian “Ienosio3a — MOJieTHIIeH” MOXKE CTaTH CHPOBHHOIO HOBOTO
TIOKOJIIHHS JUISI BUPOOHHUIITBA IJIACTMACOBUX TPYO 3 KpalUMHU MOKa3HUKAMH MIIHOCTI Ta IMiJBUIICHOIO CTIHKICTIO
JI0 TTOBIJTHHOTO Ta IIBHUIKOTO MOMIUPEHHS TPIIUH B TIOPIBHSIHHI 3 TPAJAUIIHHAMHU MaTepiallaMu.

KirouoBi cioBa: Oyposi po3uuHu, HAHOYEN0N03d, NIACMMACO8i mpyou, NOAIMEPHI KOMRO3UMU, PeOIO2IUHL
61ACMUE0CMI.
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