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Abstract

This study focuses on the fabrication of nickel nanoparticles (Ni NPs) using a chemical reduction
method with hydrazine monohydrate as the reducing agent. The Ni NPs were characterized using
transmission electron microscopy (TEM) and X-ray diffraction spectrometry (XRD). The
characterization results confirmed the production of pure Ni NPs with an average particle size ranging
from 50 to 90 nm and various shapes depending on the hydrazine ratio. The synthesized Ni NPs were
then utilized to enhance the viscosity reduction of heavy oil. Significant viscosity reduction of 51%,
from 7128 mPa.s to 3495 mPa.s, was achieved at a temperature of 80 °C. Additionally, a slight
decrease in density from 0.9514 g/cm3 to 0.9416 g/cm3 and a slight increase in the ( American
pertroleum institute) API number from 17.04 to 18.59 (9.0%) were observed

Keywords: Morphology, Nickel nanoparticles, Oil viscosity, Sudan oil plant, XRD analysis.

Introduction

Frequently, global energy requirements describe our
displays into the making and regulation of heavy
crude oil (HCO), confirming the necessity for
efficient HCO spill preparation and replies *.
Unsimilar to common fuels, HCO controls a large
viscosity, and density, includes high contents of
resistant asphaltenes and pitches and can create
catastrophic problems when dropped into the
environment 2. Biodegradation is an effective and
environmentally eco-friendly choice for lost oil
reduction ** 5. Investigations on the viscosity
reduction of HCO are insufficient. The extremely
viscous and dense HCO could fasten to the
neighboring environments, such as plugging the
pipelines and rock holes and precipitating and
connecting to the trash ®. The idea and the concept
behind nanotechnology started after Richard
Feynman famous lecture at the American Physical
Society meeting in 1959 ‘. The preparation of
nanomaterials from metals such as goal, silver, iron,

zinc, and copper started early and continues to the
present & Nickel has two manifestations of
nanoparticles: nickel metal (Ni) and nickel oxide
(NiO). Both of these categories of nanoparticles have
magnetic properties, antimicrobial activity, catalytic
activity, and sorption nature and are biocompatible.
Above all usage, NiO-NPs have exploited a
semiconductor with high chemical stability and
electron transferability and a band gap between 3.6
and 4.9eV °,

The general method to obtain pure nickel
nanoparticles by a chemical mean and adopted by
hydrazine as a reduced agent is described in Eq. 1.
Nickel salt + Solvent + reducing agent — Nickel
nanoparticles...... 1

The reaction takes place under stirrer and reflux for
two hours and temperature between 40-60 °C.
Among all solvents, acetonitrile, ethanol, methanol,
water dimethylsulphoxide, ethylene glycol, and
cyclohexane are suitable for preparing nickel
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nanoparticles. In such a way, Shokrdu et al.
synthesized nickel nanoparticles and benzil
diethylenetriamine and hydrazine were added as
reducing agents at room temperature 0% 12
Nowadays, metal nanoparticles are employed in the
oil industry, which is confirmed to be a great agent
for recovering heavy oil. Heavy oil comprises
substantial amounts of asphaltene and resin as major
components with a high average molecular weight.
Various nanoparticles have demonstrated their
efficacy in enhancing oil recovery, and among them
are commonly found in aluminum, zinc, magnesium,
iron, zirconium, nickel, tin, and silicon oxides. These
nanoparticle types have shown the potential to
improve the efficiency of oil recovery processes.
Therefore, the viscosity and density of the oil will
shift to a high rate, have a very poor flow rate, and
hence be very difficult to transport. The oil recovery
technique stands on three basic processes: (i) primary
process (using geological resident), (ii) secondary
process (water flooding), and (iii) tertiary processes
(enhanced oil recovery). The experiment of Shokrlu
and his co-workers showed that the tertiary process
is implemented and widely used when the water-to-
oil ratio decreases. Hot water steam injection can
lower oil viscosity and increase its mobility.
Therefore, the aqua thermolysis reaction mechanism
describes the transformation of heavy oil to light
products at high temperatures. During this process,
some of the sulfur/carbon bonds of organosulfur

Materials and Methods

Sampling

Crude oil samples were collected in triplicate from
Unity, representing three wells from Al-Fulla region
approximately (800 km from Khartoum), Western
Sudan (west Kurdufan state). Fig. 1 showed samples

broken, as described by the equation proposed by
Shokrlu et al. 2as shown in Eq. 2;

Heavy oil + H2O — CO + H>S + Lighter organic
products
The carbon monoxide produced in the above reaction
interacts with water molecules and fabricates carbon
dioxide and hydrogen, while the dissociation of
carbon dioxide can further reduce heavy oil viscosity
13-15

Many studies were carried out to describe the role of
trace metal nanoparticles as a catalyst for recovering
heavy oil. Shakir and his co-author conducted a study
using Nanosilica (NS) to upgrade Iragi heavy crude
oil and enhance solvent deasphalting. The results
demonstrated a significant reduction in asphaltene
guantities by 87.22%, increasing APl to 35.9.
Moreover, the process led to the completely removal
of sulfur, vanadium, and nickel from the heavy oil. ¢
In this way, a chemical reduction procedure was
exploited to obtain pure nickel nanoparticles from in
ethanolinic NiCl, solution, while hydrazine with
different ratios was used as a reducing agent. The
main aim of this study is to synthesize nickel
nanoparticles by using hydrazine as a reducing agent
and sodium hydroxide as solvent at 60 °C without
using inert gas and adding surfactant agents. The
obtained nanoparticles were characterized. Then, a
comprehensive study was carried out on applying the
synthesized nanoparticles to produce lighter crude
oil with high quality from heavy crude oil.

location. Ten samples were taken from different head
tubing of wells. The samples were placed in vessels
with screw caps. After that, the samples were
transported to the lab.
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Figure 1. Samples location
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Synthesis of Nickel nanoparticles (Ni NPs)

Nickel chloride hexahydrate (NiCl..6H-0), sodium
hydroxide (NaOH), ethanol, and 80 wt.% hydrazine
monohydrate (N2Ha4.H20), which were obtained from
Sigma-Aldirch, were used to prepare nickel
nanoparticles Ni NPs as described elsewhere by
Ammare et al ¥, In two separate beakers, an equal
amount of nickel chloride hexahydrate (3 g) was
dissolved in 25 ml of ethanol and added to two
different amounts of hydrazine monohydrate
N2H4.H20 (5.4 g and 8.2 g). Additionally, 4.38 g of
sodium hydroxide was dissolved in 25 ml of ethanol
and added to the same two beakers. The ratios
between nickel and hydrazine were determined to be
1:10 and 1:15, respectively, and these mixtures were
labeled as NPs-1 and NPs-2. The temperature was

. 4 |
e
— )

(NiCl,.6 H,0) Mixture (A)

maintained at 60 °C with continuous stirring to
produce nickel nanoparticles, and the reaction was
represented by eq 3. The formation of nanoparticles
began early in the process. As illustrated in Fig. 2,
the mixture initially changed to turquoise Fig. 2a,
then after 2 minutes, it transitioned to grey Fig. 2B,
and finally turned black Fig. 2C. After one hour, the
resulting precipitate was collected using a 0.45 um
filter and subsequently washed with absolute
ethanol, doubly-distilled water, and acetone. The
black precipitate was dried at room temperature and
stored in a sealed container for further analysis. The
reaction can be expressed as shown in Eq. 3 7.

2Ni?* + N2Hs4 + 40H- — Ni + N2 + 4H20......3

ii

Mixture (B)

Mixture (C)

Figure 2. Preparation of nickel nanoparticles. Mixture 2A after 2 minutes 2B, mixture after half hour

Characterization

The prepared Ni NPs samples were characterized by
X-ray diffraction (XRD) exploiting PANalytical 3
kW X’pert Multifunctional diffractometer with Cu
Ka radiation source (A=0.1594 nm). A step size of
0.0262° was used and patterns were recorded for 20
values in the 20-120° span. However, the average
crystal sizes of the fabricated nanoparticles were
computed from the full width at half maximum of the
most intense reflection of metallic nickel, employing
the Scherrer relation. For the (11 1), (20 0), (22 0)
diffraction peak, based on the Scherrer relation, can
be presented as Eq. 4;

d= % cos O
where K is the Scherrer constant (0.89) related to the
shape and index (h, k, I) of the crystal, d is the grain
size, B is the corrected full width at half maximum
(in radians), A is the wavelength of the X-rays, and 0
is the diffraction angle.

A transmission electron microscope (TEM) was
utilized to determine the particle-size of the
nanoparticles. The image was measured by H700H
type transmission electron microscope Thermo
Fisher Scientific at 80 kV with a resolution of 0.1 nm.

Effect of Ni NPs on Crude Oil Rheology

Nickel nanoparticles Ni NPs were applied to enhance
heavy crude oil. The experiments were carried out by
adding 0.05 g (0.5 %) of Ni NPs to 100 mL of crude
oil at 80°C for 24 hours with continuous stirring. The
percentage of the reduction of the oil viscosity
samples (An%) was calculated as shown in Eq. 5;

An = [(%) x100|...... 5

where 10 is the viscosity of the oil before the reaction
(mPa.s), n is the viscosity of the oil after the reaction
(mPa.s), and An is the rate of viscosity reduction *'.
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Results and discussion

The Effects of Reducing Agent (N2H4) on Ni NPs
Formation

The impact of reducing agent concentration on the
synthesis of nickel nanoparticles was evaluated in
this study. Ethanol was utilized as the solvent
without the presence of a capping agent. The molar
ratios of N,Hs to Ni?>* were 10:1 and 15:1,
respectively, while the molar ratio of NaOH to Ni?*
was 10:1. The reaction temperature was elevated to
60 °C, leading to the rapid formation of black
precipitates. The reaction was completed in less than
5 minutes, demonstrating its efficiency. These
findings align with previous studies that have
reported similar results 1, Wu et al % results
displayed that, with increasing ratio of NoHs-OH/
NiCl, diameter between atom amendments. When
the percentage became bigger than 12 it became
stable. The ratio of NoH4:Ni?* effect directly on the
morphology of Nickel nanoparticles. Low hydrazine
concentrations obtained large particles due to the
slow creation of nuclei and seeds that colluded with
nickel ions #. The formation of a stable nucleus
requires the minimum number of atoms to form a
proper collision.

X-ray Diffraction XRD

XRD results illustrate the patterns of nickel
nanoparticles Ni NPs synthesized using varying
molar ratios of N2H4:Ni?" In the case of the molar

ratio NPs-1 10:1 shown in Fig. 3, three distinct
diffraction peaks were observed at 44.46°, 51.9°, and
76.4°. Among these, the peak with the highest
intensity occurred at 20 = 44.57°. The corresponding
Miller indices (111) and (200) confirmed that the
resulting powders exhibited a face-centered cubic
(FCC) crystal structure characteristic of nickel. For
the molar ratio of NP-2 15:1 Fig. 3, three distinct
diffraction peaks at 44.58°, 51.70°, and 76.39° were
also observed. The highest intensity at 20 was
44.52°. Their corresponding miller indices (111) and
(200) confirm that the resulting powders were face-
centered cubic (FCC) nickel. No other species were
observed in the XRD pattern, indicating that pure
nickel powders were in these experiments. The XRD
pattern matches with the Joint Committee on Powder
Diffraction Standards database (JCPDS PDF
No.:04-0850), confirming the random powdered
nickel arrangement. The finding of this technique is
agreed with other literature; Goswami et al %,
synthesized nickel nanoparticles by adopting
platinum chloride as the reducing agent and sodium
hydroxide as the main solvent. They applied their
technique for Oxygen Reduction and Formic Acid
Oxidation Reactions. The XRD results showed that
the main peaks observed at 44.4° correspond to the
(111) crystalline plane of FCC lattice of cubic Ni
NPs. 2,
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Figure 3. XRD of NPs-1 and NP-2 samples

Furthermore, the average particle size of the nickel
nanoparticles, calculated using the Debye-Scherrer

equation, was found to be 12 nm for both molar
ratios. X-ray diffraction analysis confirmed the
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crystalline structure of the nickel nanoparticles
formed through the reduction of Ni?* with hydrazine.

volumes were estimated using the following
expressions Eq. 6 and 7

These findings are in line with previous reports on =+ 6
the subject references 4 and 12, as shown in Table 1. 2siné
The d-spacing, lattice parameters, and unit cell Ing = m i 7
D cos@
Table 1. XRD data
samples 2-theta Miler Height d- space FWHM D (nm) Lactic constant (A)
index
NPs-1 44.46029 111 439.76161 2.036064685 0.739 12 3.5265
NPs-2 4458282 111 332.92147 2.0307529 0.66675 12 3.517

The crystallite size of the nickel nanoparticles was
determined using the Scherrer Eq. 6, which involves
plotting Inf against In(1/cos0) as shown in Fig. 4 (b).
The adapted Scherrer relation was used for this
analysis. The calculated crystallite sizes of the nickel
nanoparticles are presented in Table 1. These values
closely align with those obtained from the Scherrer
relation, with any slight variations possibly resulting
from the averaging of the distribution utilized in the
improved Scherrer's plots, which involve the entire
XRD peaks 2.

According to the Williamson-Hall method, both
strain and crystallite size have a significant influence
on the diffraction lines, leading to their broadening
Eqg. 8. In the uniform deformation model (UDM), it
is assumed that the crystal is isotropic, and therefore,

0.030

its properties are independent of the crystallographic
orientation along which the measurement is taken.

kA ,
ﬁhkl cosahkl :F+4’€Sln0hkl ...... 8

A plot of By, cos By against 4 sin 6y,;,; Describes a
linear graph, and the crystallite size (D) and
microstrain (¢) are individually determined from the
line's intercept and slope Fig. 4 (a) . The data
obtained from XRD is shown in Table 1. The mean
crystallite size values computed employing the
Scherrer equation, Scherrer plots, and Williamson—
Hall forms are virtually identical, implying that the
inclusion of strain in the W—H method is changed
formulae has negligible impact on the mean (D)
value. Nevertheless, the average crystallite sizes
calculated applying the Scherrer's and W—H methods
exhibit little disparity that can be ascribed to shift in
particle size distribution equalizing .
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Figure 4. a and ¢ The modified form of Williamsone-Hall method. b and d linear form of modified

Scherrer equation for nickel nanoparticle samples.
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Transmission Electron Microscope (TEM)

The TEM images of NPs-1 and NPs-2, with
N2H2/Ni?* molar ratios of 10:1 and 15:1 respectively,
are presented in Figs. 5 and 6. In the case of NPs-1
10:1 ratio, the images reveal a star-like morphology,
with an average particle size ranging from 70 to 90
nm. Conversely, NPs-2 15:1 ratio exhibits a different
morphology, consisting of monodispersed spherical
particles with a smaller average size ranging from 50
to 80 nm. This change in morphology can be

Viscosity Reduction of Heavy Crude Oil by
NiNoPs

Nickel nanoparticle powder was prepared and
utilized to recover heavy crude oil. The results
demonstrated that the viscosity of the heavy crude oil
decreased from 7128 mPa.s to 3495 mPa.s 51% when
0.05% (w/v) of Ni NPs was employed. However, it
was observed that the density of the crude oil shifted
from 0.9514 g/cm3 to 0.9416 g/cm?, and the API
number increased from 17.04 to 18.59 9.0%,
indicating the conversion of heavier components into
lighter ones. Table 2 illustrates the use of xylene as a
solvent in two experiments, with 0.05% Ni NPs

attributed to the influence of the reduction rate on the
nucleation process %> 2*

The formation of larger particles with star-like
shapes at low hydrazine concentrations can be
attributed to the slow reduction rate of nickel
chloride. This slower rate leads to the formation of
fewer nuclei at the beginning of the reduction
reaction. On the other hand, an increase in hydrazine
concentration promotes a higher reduction rate,
facilitating the generation of a larger number of
nuclei and forming smaller nickel nanoparticles %24,

Figure 6 .TEM images of NPs-2 at differen maifications a0.2 yum and b 100 nm.

dissolved in xylene. In additional experiments, 1%
hydrazine was employed as a hydrogen donor. Fig.
7 showed the viscosity of the crude heavy oil from
the Sudan oil plant was reduced to approximately
3495 mPas and 3212 mPas, respectively,
representing a reduction of around 51%, at a
temperature of 80°C. This finding aligns with a study
conducted by Jadhav #°, where they reported that
nickel nanoparticles (<100 nm) in conjunction with
tetralin solvent under various shear rates (1-1000 s™-
1) and a concentration of 0.2% wt nickel
nanoparticles, facilitated viscosity reduction at high
temperatures 2. Zhou W = also demonstrated that
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nickel ions decreased the activation energy of the
process from 16.9 kJ/mol to 10.9 kJ/mol. However,
it was observed that the concentrations of
oxygenated compounds decreased in the evolved
gases while the concentrations of carbon dioxide and
water increased

The high viscosity of heavy oil is primarily attributed
to the viscoelastic network formed by compounds
such as asphaltene, saturate, aromatic, and resin

aggregations 26, Xylene is used as a solvent, while
hydrazine acts as a hydrogen donor to enhance the
dissolution of asphaltene clusters. The reduction in
viscosity is mainly achieved by decreasing the
guantity of polar compounds in the oil, which
weakens hydrogen bonding #'. The effectiveness of
nickel nanoparticles as a viscosity reducer is
confirmed at a temperature of 80°C with a
concentration of 0.05% wt. This concentration
yielded the best results for both samples.?®

Table 2. Viscosity, density and API reduction results

Sample Name BS&W (%) Density (g/cm®) Viscosity
Water  Sedi. Density SG API Density Rho  API (mPa.s) Red. %
(V%) (V%) (50 °C) (15°C) (15.6 °C)
Heavy crude oil 4.00 0.00 0.9290 0.9530 0.9514 17.04 7128 0.0
(Blank)
1% hydrazine+3%  4.00 0.00 0.9278 0.9510 0.9502 17.23 6666 6.5
xylene
0.05% NiNPs+3%  4.00 0.00 0.9190 0.9430 0.9416 18.59 3495 51.0
xylene
0.05% NiNPs+3%  4.00 0.00 0.9170 0.9410 0.9397 18.89 3212 55.0

xylene + 1%

hydrazine
* BS= basic sediment, Sedi= sediment . Viscosity applied at 29°C
7000 1 —
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Figure 7. Heavy crude oil viscosity reduction
Conclusion

This study examined the effects of nickel
nanoparticles on viscosity reduction in heavy oil
through batch-scale experiments. The addition of
nanoparticles at a concentration of 0.05% wt, with
the assistance of xylene and hydrazine, resulted in a
significant reduction in viscosity by 51-55%.
However, it was observed that the lighter
components of the oil increased during the process.
Additionally, introducing nickel nanoparticles led to

a decrease in asphaltene and polar compound content
in the oil. This approach shows promise in
addressing mechanical stress during oil pumping and
transfer.

It is important to note that the study did not explore
other parameters such as pH, different
concentrations, temperature variations, catalyst
doses, and rheological response, which could further
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enhance the effectiveness of nickel nanoparticles in
viscosity reduction. Nonetheless, these findings
contribute valuable insights to the challenge of high
viscosity in the Sudan oil field, as there are no
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