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Carbon nanomaterials such as graphene, carbon nanotube (CNT), and carbon dots have gained interest for their superior
ability to increase oil recovery. These particles have been successfully tested in enhanced oil recovery (EOR), although
they are expensive and do not extend to green enhanced oil recovery (GEOR).
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| 1. Introduction

The oil production processes from a reservoir are grouped into three classes: primary, secondary, and tertiary . In the
primary stage, oil is produced due to natural drive mechanisms, for example, water, gas cap, solution gas and so on. The
secondary process is launched after the weakening of natural energy. Waterflooding and pressure maintenance are
common secondary recovery methods. The tertiary oil recovery, known as the enhanced oil recovery (EOR) method, is
introduced when the second technique is no longer economically feasible Bl The common EOR methods are chemical,
gas, thermal, and others HIBIEl The chemical EOR method involves injecting surfactant, polymer, alkaline, and alcohol
chemicals to alter interfacial tension (IFT), wettability, phase behavior, and boost oil recovery. In the gas EOR method,
gases such as CO, Ny, CH,4, and Flue gas are injected into the reservoir to reduce viscosity, IFT, increase the crude’s
mobility, and improve oil recovery. This is achieved due to gas mixing with the oil which results in expansion and thus
pushes the oil toward production outlets. For the thermal EOR methods, the temperature of the reservoir region is raised
to heat the crude oil in the formation to reduce its viscosity, vaporize part of the oil, increase the mobility of the oil, and
finally boost oil recovery. Common examples of thermal processes include hot water, steam, and in situ combustions,
which are suitable for heavy crude oil.

Microbial enhanced oil recovery (MEOR) falls under other EOR methods . MEOR technology is an eco-friendly
enhanced oil recovery method that involves the injection of microorganisms to produce surfactant, polymer, alcohol,
ketone, acids, and gas in situ, to enhance the recovery of residual oil HEIQLALL | 2013, Haq 2 introduced an
environmentally friendly oil recovery method known as green enhanced oil recovery (GEOR). GEOR is a nature-friendly
EOR process that injects specific green fluids, such as surfactants, polymers, alcohols, acids, ketones, and gas (N, CO,),
which boosts macroscopic and microscopic sweep efficiencies, as a result, this then increases residual oil recovery 2119
(11 The GEOR method is divided into two types: in situ and ex-situ L. MEOR falls under the in situ category, whereas
green chemicals (for example, surfactant, polymer, and alcohol), smart water, gas (carbon dioxide and nitrogen), and
hybrid (water alternating gas (WAG), and (FOAM)) are grouped in the ex situ process.

In green surfactant flooding, the eco-friendly surfactant is injected into the reservoir to reduce interfacial tension, alter
phase behavior properties, and wettability alteration to improve oil recovery whereas smart water flooding (SWF) is a
developing technology that utilizes modified water chemistry in terms of salinity and composition of the ions to prepare a
more suitable brine composition for a specific brine/oil/rock system to achieve better recovery. The mechanisms of SWF
are fine migration, pH increase, multi-ion exchange, salting-in, and wettability alteration.

In the last decade, nanoparticles have received several applications ranging from emulsion stability 1314 and EOR [L5[18]
L7, particularly, carbon nanoparticles including carbon nanotubes (CNT), single-walled CNTs, multi-walled CNTs, and
carbon dots were tested mainly in the laboratory for EOR potential. Recently, there was one test conducted in the field.
While these carbon-based nanoparticles are promising, they are expensive, thus, making field applications uneconomical.
As a result, the development of a cost-effective and environmentally friendly carbon nanomaterial is highly desirable. So
far, date-leaf carbon nanoparticle (DLCNP) application does not extend to GEOR. It was to develop carbon nanomaterial
from the date-leaf via ball milling and the pyrolysis technique and examines its potential in GEOR. The objectives are
achieved through experimental processes.



| 2. Carbon Nanoparticle in EOR

The influence of MWCNT on IFT and surface tension was examined at room temperature by Soleimani et al. 28, The
optimum MWCNT concentration was achieved at 0.3 wt%. This solution produced 18.57% incremental oil from a glass
bead experiment. The rheological properties of a mixture of an acrylamide polymer and MWCNT were tested in a high-
pressure high-temperature (HP-HT) and high salinity environment 2. Improvements in viscosity and stability in the harsh
HP-HT environment were achieved by negative polyelectrolyte and polyampholytic polymers. The dispersion effects of
carbon nanotubes (CNT) hybrids in foam and emulsion were known in porous media by Kadhum et al. 9. |t was found
that a stable CNT dispersion was obtained using a highly polarized polymer such as Arabic gum and polyvinyl pyrrolidone.
It was conducted to examine the foam stability and viscosity of a surfactant polymer and MWCNT blend 24, Investigation
reveals that MWCNT could improve flow behavior in the foam of porous media. A-Dots or Arab-D dots were applied in a
giant Ghawar field in Saudi Arabia to explore EOR potential 22, A core flood experiment was conducted at 95 °C before
the field trial and was followed by a post-flood with 120,000 ppm salinity brine. The average porosity, permeability, and
pore volume values of the core plug were 20.3%, 9.89 mD, and 18.74%, respectively. A concentration of 0.001% w/w (10
ppm) of A-Dots solution was injected at a rate of 0.10 cm®min. The solution occupied about 20% of the total pore volume
(3.8 cm®). The oil recovery factor reported was 96%. A huff-and-puff method was applied in an Arab-D field trial. The
production period was two days and the shut-in time was three days. The distance between the injection and production
wells was 1 to 3 km. A total of 5 kg of A-Dot particles were mixed with 255 bbl of injected water. The solution was then
injected at a rate 3300 bbl/day. The injection pressure and temperature were 1500 psi and 90 °C, respectively. The overall
field trial outcome reported an oil recovery of approximately 82% implying that nano agent concepts are promising in
boosting the recovery amount of trapped oil.

| 3. Nanoparticle Preparation

Carbon-based nanomaterials (CBNs) are emerging as an essential topic in the fields of science and technology. Carbon
and its allotropes have been used widely in various applications (such as fiber optics) due to unique aspects such as its
excellent physical, chemical, thermal, electrical, and biological properties (23, Other applications include electrochemical
sensors [24125] electronics 28], drug delivery 22, energy storage (28], solar cells (22, environmental pollutant removal 2%,
construction materials U2 and various materials science applications [B3IB4ISSISEIS7ISEIENA0]  Wwhile these
nanomaterials are receiving significant attention, the conventional preparation methods for CBNs are complicated and
expensive, thus, limiting their utilization. Consequently, alternative forms of developing CBNs via relatively simple, cost-
effective, and sustainable approaches are of great interest. CBN production from biomass could offer an ideal economic
and sustainable system. The leaves from trees and other forestry are abundantly available and often go unused. It would
be perfect to utilize this biological waste as a cheap material for conversion into value-added carbon products useful in
several potential applications.

Ball milling and pyrolysis, among various methods, were adopted for nanomaterial preparation and carbonization
respectively. Ball milling is a simple and economical method that allows for the synthesis of hanomaterials on a large
scale. It is a top-down technique where any powdered material is mechanically milled into nanoparticles using balls of
various stiffnesses. The kinetics of milling depends on the milling energy, type, and size of the balls, milling speed,
temperature, and duration of the milling process. Various nanocrystalline/amorphous materials were synthesized using
this methodology 41421431441 On the other hand, pyrolysis is a simple and popular controlled thermochemical treatment
technique that is employed to convert waste or any other biomass into valuable products. It is commonly used to prepare
biochar, charcoal, and biogas for various commercial applications. Many waste materials, such as rice husk 4%, jute sticks
B9 date palm 48] wood waste 44, and tree/plant leaves 48149 \vere converted into value-added products using this
technique.

References

1. Green, D.W.; Willhite, P. Enhanced Oil Recovery; Society of Petroleum Engineers: Richardson, TX, USA, 1998; ISBN
1555630774.

2. Said, M.; Haq, B.; Al Shehri, D.; Rahman, M.M.; Muhammed, N.S.; Mahmoud, M. Modification of Xanthan Gum for a
High-Temperature and High-Salinity Reservoir. Polymers 2021, 13, 4212.

3. Muhammed, N.S.; Haq, M.B.; Al-Shehri, D.; Rahaman, M.M.; Keshavarz, A.; Hossain, S.M.Z. Comparative Study of
Green and Synthetic Polymers for Enhanced Oil Recovery. Polymers 2020, 12, 2429.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

. Gbadamosi, A.O.; Junin, R.; Manan, M.A.; Agi, A.; Yusuff, A.S. An Overview of Chemical Enhanced Oil Recovery:

Recent Advances and Prospects; Springer: Berlin/Heidelberg, Germany, 2019; Volume 9, ISBN 0123456789.

. Atta, D.V.; Negash, B.M.; Yekeen, N.; Habte, A.D. A state-of-the-art review on the application of natural surfactants in

enhanced oil recovery. J. Mol. Lig. 2021, 321, 114888.

. Kalam, S.; Abu-Khamsin, S.A.; Kamal, M.S.; Patil, S. A review on surfactant retention on rocks: Mechanisms,

measurements, and influencing factors. Fuel 2021, 293, 120459.

. Li, J.; Liu, J.; Trefry, M.G.; Park, J.; Liu, K.; Haq, B.; Johnston, C.D.; Volk, H. Interactions of Microbial-Enhanced Oil

Recovery Processes. Transp. Porous Media 2011, 87, 77-104.

. Haq, B.; Liu, J.; Liu, K.; Al Shehri, D. The role of biodegradable surfactant in microbial enhanced oil recovery. J. Pet.

Sci. Eng. 2020, 189, 106688.

. Haq, B.; Liu, J.; Liu, K. Green enhanced oil recovery (GEOR). APPEA J. 2017, 57, 150.

Haq, B. The role of microbial products in green enhanced oil recovery: Acetone and butanone. Polymers 2021, 13,
1946.

Haq, B. Green enhanced oil recovery for carbonate reservoirs. Polymers 2021, 13, 3269.

Hag, B. The Role of Green Surfactants in Microbial Enhanced Oil Recovery. Ph.D. Thesis, The University of Western
Australia, Perth, Australia, 2013.

Whitby, C.P.; Fornasiero, D.; Ralston, J. Effect of adding anionic surfactant on the stability of Pickering emulsions. J.
Colloid Interface Sci. 2009, 329, 173-181.

Qiao, W,; Cui, Y.; Zhu, Y.; Cai, H. Dynamic interfacial tension behaviors between Guerbet betaine surfactants solution
and Daging crude oil. Fuel 2012, 102, 746—750.

Sharma, T.; Suresh Kumar, G.; Sangwai, J.S. Enhanced oil recovery using oil-in-water (o/w) emulsion stabilized by
nanoparticle, surfactant and polymer in the presence of NaCl. Geosyst. Eng. 2014, 17, 195-205.

Zhang, H.; Nikolov, A.; Wasan, D. Enhanced oil recovery (EOR) using nanopatrticle dispersions: Underlying mechanism
and imbibition experiments. Energy Fuels 2014, 28, 3002—-3009.

Al-Anssari, S.; Wang, S.; Barifcani, A.; Lebedev, M.; Iglauer, S. Effect of temperature and SiO2 nanopatrticle size on
wettability alteration of oil-wet calcite. Fuel 2017, 206, 34—-42.

Soleimani, H.; Baig, M.K.; Yahya, N.; Khodapanah, L.; Sabet, M.; Demiral, B.M.R.; Burda, M. Impact of carbon
nanotubes based nanofluid on oil recovery efficiency using core flooding. Results Phys. 2018, 9, 39-48.

Nourafkan, E.; Haruna, M.A.; Gardy, J.; Wen, D. Improved rheological properties and stability of multiwalled carbon
nanotubes/polymer in harsh environment. J. Appl. Polym. Sci. 2019, 136, 47205.

Kadhum, M.J.; Swatske, D.P.; Chen, C.; Resasco, D.E.; Harwell, J.H.; Shiau, B. Propagation of carbon nanotube
hybrids through porous media for advancing oilfield technology. In Proceedings of the SPE International Symposium on
Qilfield Chemistry, The Woodlands, TX, USA, 13-15 April 2015; Volume 2, pp. 1037-1045.

Wang, S.; Chen, C.; Kadum, M.J.; Shiau, B.J.; Harwell, J.H. Enhancing foam stability in porous media by applying
nanoparticles. J. Dispers. Sci. Technol. 2018, 39, 734-743.

Kanj, M.Y.; Rashid, M.H.; Giannelis, E.P. Industry first field trial of reservoir nanoagents. In Proceedings of the SPE
Middle East Oil and Gas Show and Conference, Manama, Bahrain, 25—-28 September 2011; Volume 3, pp. 1883—-1892.

Yap, S.H.K.; Chan, K.K.; Tjin, S.C.; Yong, K.T. Carbon allotrope-based optical fibers for environmental and biological
sensing: A review. Sensors 2020, 20, 2046.

Ahammad, A.J.S.; Odhikari, N.; Shah, S.S.; Hasan, M.M.; Islam, T.; Pal, P.R.; Ahmed Qasem, M.A.; Aziz, M.A. Porous
tal palm carbon nanosheets: Preparation, characterization and application for the simultaneous determination of
dopamine and uric acid. Nanoscale Adv. 2019, 1, 613-626.

Ahammad, A.J.S.; Pal, P.R.; Shah, S.S.; Islam, T.; Mahedi Hasan, M.; Qasem, M.A.A.; Odhikari, N.; Sarker, S.; Kim,
D.M.; Abdul Aziz, M. Activated jute carbon paste screen-printed FTO electrodes for nonenzymatic amperometric
determination of nitrite. J. Electroanal. Chem. 2019, 832, 368-379.

Peng, L.M.; Zhang, Z.; Wang, S. Carbon nanotube electronics: Recent advances. Mater. Today 2014, 17, 433-442.

Kong, T.; Hao, L.; Wei, Y.; Cai, X.; Zhu, B. Doxorubicin conjugated carbon dots as a drug delivery system for human
breast cancer therapy. Cell Prolif. 2018, 51, €12488.

Gao, Y.P.; Zhai, Z.B.; Huang, K.J.; Zhang, Y.Y. Energy storage applications of biomass-derived carbon materials:
Batteries and supercapacitors. New J. Chem. 2017, 41, 11456-11470.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Kweon, D.H.; Baek, J.B. Edge-Functionalized Graphene Nanoplatelets as Metal-Free Electrocatalysts for Dye-
Sensitized Solar Cells. Adv. Mater. 2019, 31, 1804440.

Aziz, M.A.; Chowdhury, I.R.; Mazumder, M.A.J.; Chowdhury, S. Highly porous carboxylated activated carbon from jute
stick for removal of Pb2+ from aqueous solution. Environ. Sci. Pollut. Res. 2019, 26, 22656—22669.

Dimov, D.; Amit, |.; Gorrie, O.; Barnes, M.D.; Townsend, N.J.; Neves, A.l.S.; Withers, F.; Russo, S.; Craciun, M.F.
Ultrahigh Performance Nanoengineered Graphene—Concrete Composites for Multifunctional Applications. Adv. Funct.
Mater. 2018, 28, 1705183.

Kewalramani, M.A.; Syed, Z.I. Application of nanomaterials to enhance microstructure and mechanical properties of
concrete. Int. J. Integr. Eng. 2018, 10, 98-104.

Yan, B.; Zheng, J.; Wang, F.; Zhao, L.; Zhang, Q.; Xu, W.; He, S. Review on porous carbon materials engineered by
ZnO templates: Design, synthesis and capacitance performance. Mater. Des. 2021, 201, 109518.

Lu, Y.; Yue, Y.; Ding, Q.; Mei, C.; Xu, X.; Wu, Q.; Xiao, H.; Han, J. Self-Recovery, Fatigue-Resistant, and Multifunctional
Sensor Assembled by a Nanocellulose/Carbon Nanotube Nanocomplex-Mediated Hydrogel. ACS Appl. Mater.
Interfaces 2021, 13, 50281-50297.

Zhu, S.; Sun, H.; Lu, Y.; Wang, S.; Yue, Y.; Xu, X.; Mei, C.; Xiao, H.; Fu, Q.; Han, J. Inherently Conductive
Poly(dimethylsiloxane) Elastomers Synergistically Mediated by Nanocellulose/Carbon Nanotube Nanohybrids toward
Highly Sensitive, Stretchable, and Durable Strain Sensors. ACS Appl. Mater. Interfaces 2021, 13, 59142-59153.

Han, J.; Wang, S.; Zhu, S.; Huang, C.; Yue, Y.; Mei, C.; Xu, X.; Xia, C. Electrospun Core-Shell Nanofibrous Membranes
with Nanocellulose-Stabilized Carbon Nanotubes for Use as High-Performance Flexible Supercapacitor Electrodes with
Enhanced Water Resistance, Thermal Stability, and Mechanical Toughness. ACS Appl. Mater. Interfaces 2019, 11,
44624-44635.

Wang, M.; Yang, W.; Li, X.; Xu, Y.; Zheng, L.; Su, C.; Liu, B. Atomically Dispersed Fe-Heteroatom (N, S) Bridge Sites
Anchored on Carbon Nanosheets for Promoting Oxygen Reduction Reaction. ACS Energy Lett. 2021, 6, 379-386.

Wang, C.; Yan, B.; Chen, Z.; You, B.; Liao, T.; Zhang, Q.; Lu, Y.; Jiang, S.; He, S. Recent advances in carbon substrate
supported nonprecious nanoarrays for electrocatalytic oxygen evolution. J. Mater. Chem. A 2021, 9, 25773-25795.

Han, J.; Wang, H.; Yue, Y.; Mei, C.; Chen, J.; Huang, C.; Wu, Q.; Xu, X. A self-healable and highly flexible
supercapacitor integrated by dynamically cross-linked electro-conductive hydrogels based on nanocellulose-templated
carbon nanotubes embedded in a viscoelastic polymer network. Carbon N. Y. 2019, 149, 1-18.

Jiao, VY.; Lu, K.; Lu, Y.; Yue, Y.; Xu, X.; Xiao, H.; Li, J.; Han, J. Highly viscoelastic, stretchable, conductive, and self-
healing strain sensors based on cellulose nanofiber-reinforced polyacrylic acid hydrogel. Cellulose 2021, 28, 4295—
4311.

Salah, N.; Habib, S.S.; Khan, Z.H.; Memic, A.; Azam, A.; Alarfaj, E.; Zahed, N.; Al-Hamedi, S. Habib High-energy ball
milling technique for ZnO nanoparticles as antibacterial material. Int. J. Nanomed. 2011, 6, 863.

Basha, S.1.; Aziz, M.A.; Maslehuddin, M.; Ahmad, S. Preparation, Characterization, and Evaluation of the Anticorrosion
Performance of Submicron/Nanocarbon from Jute Sticks. Chem. Asian J. 2021, 16, 3914—-3930.

Basha, S.I.; Kumar, A.M.; Maslehuddin, M.; Ahmad, S.; Rahman, M.M.; Shameem, M.; Hakeem, A.S.; Aziz, M.A.
Preparation of submicron-/nano-carbon from heavy fuel oil ash and its corrosion resistance performance as composite
epoxy coating. J. Clean. Prod. 2021, 319, 128735.

Pentimalli, M.; Bellusci, M.; Padella, F. High-Energy Ball Milling as a General Tool for Nanomaterials Synthesis and
Processing. In Handbook of Mechanical Nanostructuring; Wiley-VCH Verlag GmbH & Co. KGaA: Weinheim, Germany,
2015; pp. 663-679.

Haque, M.A.; Hasan, M.M.; Islam, T.; Razzak, M.A.; Alharthi, N.H.; Sindan, A.; Karim, M.R.; Basha, S.I.; Aziz, M.A.;
Ahammad, A.J.S. Hollow Reticular Shaped Highly Ordered Rice Husk Carbon for the Simultaneous Determination of
Dopamine and Uric Acid. Electroanalysis 2020, 32, 1957-1970.

Aziz, M.A.; Theleritis, D.; Al-Shehri, M.O.; Ahmed, M.l.; Qamaruddin, M.; Hakeem, A.S.; Helal, A.; Qasem, M.A.A. A
Simple and Direct Preparation of a Substrate-Free Interconnected Nanostructured Carbon Electrode from Date Palm
Leaflets for Detecting Hydroquinone. ChemistrySelect 2017, 2, 4787—-4793.

Heo, H.S.; Park, H.J.; Park, Y.K.; Ryu, C.; Suh, D.J.; Suh, Y.W.; Yim, J.H.; Kim, S.S. Bio-oil production from fast
pyrolysis of waste furniture sawdust in a fluidized bed. Bioresour. Technol. 2010, 101, S91-S96.

Haque, M.A.; Akanda, M.R.; Hossain, D.; Haque, M.A.; Buliyaminu, I.A.; Basha, S.l.; Oyama, M.; Aziz, M.A.
Preparation and Characterization of Bhant Leaves-derived Nitrogen-doped Carbon and its Use as an Electrocatalyst
for Detecting Ketoconazole. Electroanalysis 2020, 32, 528-535.



49. Khan, M.Y.; Khan, A.; Adewole, J.K.; Naim, M.; Basha, S.I.; Aziz, M.A. Biomass derived carboxylated carbon
nanosheets blended polyetherimide membranes for enhanced CO2/CH4 separation. J. Nat. Gas Sci. Eng. 2020, 75,
103156.

Retrieved from https://encyclopedia.pub/entry/history/show/53145



