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Abstract

Star-like structural compounds were synthesized from different moles % of either dodecyl acrylate or
triethylenetetramine using a one-pot commercial synthesis technique. The polymers that were created had
various terminations. Fourier Transform Infrared (FTIR) spectroscopy and 'HNMR were used to verify the produced
polymers’ chemical composition with different terminations. Furthermore, by analysis of Dynamic Light Scattering
(DLS), the size and distribution of the synthesised branched polymers were evaluated. Using a Gel-permeation
chromatograph, the modified hyperbranched polymer's molecular weight, synthesized with various end points,
were assessed. The unorganized structured prepared compounds with various molar feed ratios dodecyl acrylate:
triethylenetetramine (DDA: TETA) was designed as A, B, C, D and E. Moreover, the synthesized additives function as
viscosity index improvers (VII). As the concentration of polymeric additives increases, it leads to higher VI values.
Similarly, with the increase in percentage of triethylenetetramine in the prepared hyperbranched polymers, the
VI also increases. Notably, the most effective VI achieved is (E)=212. It is noteworthy that all the synthesized
hyperbranched polymers exhibited Newtonian behavior in the rheological study.
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Introduction

When two objects are moving relative to one another, a
substance is used to ensure as much smooth function-
ing as possible, which refers to lubrication. According to
factors such as operating speed, temperature, ambient
conditions, and others, the quantities and types of lubri-
cants for rolling bearings are chosen. Lubricants must be
routinely replaced or oiled because they have reached
the end of their service lifetime or have become con-
taminated with undesirable substances and are no longer

*Correspondence:

Reham I. El-shazly

reham_chemist21@yahoo.com

'Department of Petroleum Applications, Egyptian Petroleum Research
Institute, Nasr City, Cairo, Egypt

K BMC

capable of performing their intended function. In order
to prevent direct contact between the material surfaces,
the lubricant film develops a thick coating between mov-
ing or sliding surfaces and fills in any imperfections on
those surfaces. Friction is subsequently decreased. Under
operating conditions, the lubricant should have the
least possible viscosity (to decrease internal resistance
between the lubricant particles), while remaining in place
and separating the surfaces. Regular hydrocarbon lubri-
cants are combined with certain long chain polymers
to preserve the viscosity of the oil throughout the year
[1-3]. The term “viscosity” refers to a liquid’s resistance
to flow. It is the most significant attribute of any lubri-
cating oil since it is the primary predictor of the lubri-
cant’s operating qualities. A liquid oil coating cannot be
maintained between two moving or sliding surfaces if
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the viscosity of the oil is too low. On the other side, if the
oil’s viscosity is excessively high, there will be an exces-
sive amount of friction. Viscosity is impacted by tempera-
ture: Since the viscosity of liquids reduces as temperature
rises, the lubricating oil thins out as operational tem-
perature rises. As a result, excellent lubricating oil should
have a viscosity that does not significantly alter with
temperature change, so that it may be used continually
in a variety of temperature-related situations [4-7]. An
arbitrary scale called the viscosity index is used to gauge
how quickly lubricating oil viscosity varies with tempera-
ture (V. I). It has a low viscosity index if the viscosity of
lubricating oil rapidly decreases when the temperature
is raised. On the other hand, lubricating oil has a high
viscosity index if temperature increases only marginally,
impacts its viscosity [8—11]. Hyperbranched polymers
are one-of-a-kind high branching density polymers, a
significant quantity of terminal reactive units and nano-
sized repeated branched building blocks. These signifi-
cant properties opened the door to a brand-new class of
materials with uses in physics, biotechnology, and life sci-
ence [12—-17]. Hyperbranched polymers have been widely
used in the petroleum industry as demulsifiers [18], cor-
rosion inhibitors, scale inhibitors [19]. , pipeline coating
[20], oil spill dispersants [21], and asphaltene dispersants
[22, 23]. Our previous work is [5-7, 24—26] In this study,
hyperbranched polymer was created using a simple and
widely commercialized method of Michale addition and
amidation repeated. There was a change made to enhance
the synthesis’s reliability. The present hyperbranched
polymers have been successfully synthesized via differ-
ent molar ratios of dodecyl acrylate and triethylenetet-
ramine in nanoscale and additionally characterized. The
synthesized branched polymers have been used in three
terminations with different terminations, and assessed as
viscosity index improver.

Experimental

Chemicals

Lube oil (SAE 30) is a free additive base oil obtained
from the Petroleum Co-operative Society. Dodecyl acry-
late (DDA), triethylenetetramine (TETA), formaldehyde
(37%) and formic acid (88%), which were used with-
out further purification are provided by Sigma Aldrich.
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Unless otherwise specified, the other chemicals were all
reagent grade.

Synthesis of hyperbranched poly (amido amine)

A solution of different moles% triethylenetetramine is
dissolved in 25 ml of acetone in a one-neck flask. Then,
different moles% of a methyl acrylate dodecyl acrylate
(DDA) were dropwise added into the reaction mixture for
5 h at 0 °C in a nitrogen atmosphere. After being stirred
for 30 min at the same temperature, the mixture was left
to warm up for 48 h at room temperature. In vacuum, at
room temperature, the rotary evaporator evaporates the
methanol solvent, leaving behind a sticky yellow sub-
stance. This yellow product was cleaned three times with
diethyl ether and stored overnight in a container that was
firmly closed [27] to give four samples of branched poly-
mers as represented in Table (1).

H-PAMAM tertiary amine synthesis

Because the polymer has the ability to absorb into the
column, Gel Permeation Chromatography (GPC) does
not directly measure the molecular weights of the five
hyperbranched samples [28]. The solution was accom-
plished by switching the primary amine in the terminal
groups to tertiary amine, as previously explained by Liang
and colleagues [27]. . 10 g of cold formic acid (88%), fol-
lowed by 10 g of formaldehyde (37%), received a progres-
sive addition of 0.5 g of H-PAMAM solution. A rotary
evaporator was used to extract the solvent under vacuum
after around nine hours of refluxing at 90-100 °C, and
the resulting slurry was then dried at 40 °C while under
vacuum.

Preparation of the hyperbranched polymer

Preparation of the reactants (dodecyl acrylate and tri-
ethylenetetramine) in different ratio as shown in Table (1)
were stirred for 8 h in an ice bath using 5 ml acetone as
solvent.

Characterization of the synthesized hyperbranched
polymer

FTIR analysis

An FTIR Nicolet iS10 spectrometer was used to con-
firm the chemical structures of the produced samples
(Thermo Fisher Scientific, USA). Before forming an

Table 1 Abbreviation of the prepared compounds and the different ratio of the reactants

Abbreviation Experiment Dodecyl acrylate ratio Triethylenetetramine
ratio

A dodecyl acrylate +riethylenetetramine 1 1

B dodecyl acrylate + triethylenetetramine 2 1

C dodecyl acrylate + triethylenetetramine 3 1

D dodecyl acrylate +triethylenetetramine 1 2

E dodecyl acrylate + triethylenetetramine 1 3
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analytical disc, the samples were thoroughly blended
with potassium bromide (KBr). Model Top 961 of the
Mattson Infinity Series, a kind of spectrometer used by
the Egyptian Petroleum Research Institute (EPRI).

Spectroscopic 'THNMR analysis

The 'HNMR spectra of the synthesized compounds were
measured using the following equipment: a 400-Mega-
hertz magnet, a Varian model mercury plus spectrom-
eter, and a Varian 5-millimeter probe.

Dynamic light scattering (DLS)

Dynamic Light Scattering (DLS) at 25 °C and a Zeta Sizer
Nano from ZS-Malvern Corporation, UK, were used at
the Egyptian Petroleum Research Institute (EPRI) to
measure the particle size and size distribution of nano-
clay-based materials.

Differential scanning calorimetry (DSC)

The structural changes of the prepared samples with
thermal treatment were studied using differential scan-
ning calorimetry (DSC). DSC-60 detector instrument
heated 1.610 mg of sample to 400 °C at a rate of 10 °C
min~! with an aluminium valve cell and a N, atmosphere.

Evaluation as viscosity index improver

Utilizing the calculation method described in ASTMD
2270-87, the viscosity-temperature behavior of polymer
nanocomposite was characterized. Kinematic viscosity
at 40 °C and 100 °C are used to determine the viscos-
ity index, a widely accepted and utilized measure of the
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fluctuation in kinematic viscosity caused by differences
in a petroleum product’s temperature between 40 °C and
100 °C.

Study rheological properties

At the Egyptian Petroleum Research Institute, we use the
Modular Compact Rheometer Model Type 502 (Anton
Paar) to study rheological properties.

Results and discussion
The preparation of hyperbranched polymers pursued
a technique mentioned by Gao [21]. With the diagram
of the optimal two-step reaction in Fig. 1. In current
research, a modification was developed to enhance the
synthesis’s reliability. First, at room temperature, Michael
addition of DA to TETA yields intermediates 1 or 2.
Although amidation reaction is unavoidable between
(DA: TETA), at lower temperatures, Michael in addition
tends to react faster. Gradually increasing the tempera-
ture causes intermediates 1 or 2 to form an amine termi-
nated hyperbranched polymer, as shown in Table (1). To
isolate the methanol, the reaction took place in a rotating
evaporator under vacuum and at high temperature, ami-
dation products, and solvent as quickly as possible.
When aiming to limit the molecular weight distribu-
tion, diethyl ether purification can effectively eliminate
any remaining monomers or low molecular weight prod-
ucts. The reaction scheme is like Scheme (1). FTIR is an
effective instrument for analysing how prepared hyper-
branched polymers behave.
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Fig. 1 |R. Spectrum of Chemical structure of hyper branched prepared compound A
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Scheme 1 Preparation of hyperbranched polymer

As shown in Figs. (1-2), the FTIR spectra of the pre-
pared samples have two reaction modes, with the disap-
pearance of the peak at 1730 cm™! was attributed to C=O
of DA. Meanwhile, -CONH has peaks at 1650 cm™! and
1558 cm™!, which were previously assigned to -CONH
]18] These two patterns demonstrated how intermedi-
ates 1 and 2 came together over time to create the final
A or E samples. Methyl acrylate might be reacted with a
substance having a hydroxyl group and one main amino
or two secondary amino groups to produce a methoxy-
carbonyl-terminated hyperbranched polymer. The feed
ratios clearly affect the polymerization process. In this
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study, the E sample was synthesised using a method
described by [21], Table 1 shows the ratio of mole feed
of dodecyl acrylate to TETA monomer. The FTIR spec-
trum of the E sample revealed a broad band for NH
groups at 3200—3600 cm™?, a strong band for CH alkanes
at 30002850 cm ™, a C-N band at 13501000 cm™ ', an
O=C-N band of amide at 1648 cm™' and a C-O band at
1250-1000 cm ™.

The presence of the ester group O=C-O-R band at
1732 cm-1 revealed that the ester termination of the
synthesised E sample had formed. Moreover, Figs. (3, 4,
5, 6-7) show "THNMR chart Protons of 5 hyperbranched
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Fig.3 '"HNMR spectrum of the prepared compound (A)

polymers. Peaks of samples A to E have almost the same
spectra that show: CH-NR protons at (1.3 —1.5 ppm),
NH,-O-C=0 protons at (3.3-3.5 ppm) and R-NH pro-
tons at (2.3-2.6 ppm), the peak at about 2.5 ppm is cer-
tified to the remaining hydrogen protons of the solvent

T
ppm

Wi i

(DMSO). All the above peaks approve the construction of
hyperbranched polymers.

Dynamic light scattering (DLS)
DLS is another method commonly used to investigate
the structure of macromolecules [25]. In this work, the
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particle size distribution of synthesised samples with
various terminations was measured using the DLS. Fig-
ure (8) and Table (2).

To protonate the terminal primary amine group, the
samples were dissolved in 2% diluted distilled water, high
dilution methanol, and 0.01% HCI. The data revealed
that increasing the molecular weights and the num-
ber of branches increases particle size. This result could
be attributed to the disruption of ordering molecules
caused by increasing the branched moiety. It is clear from
the data of particle size that increases, the particle size
increases in the order of A’B’C’D’E. This means that,
the size of prepared polymers increases by increasing
terminal amine chains (TETA). This may be attributed
to, as the terminated ended chains increase the regular
structure (ordering structure) may be formed with large
surface area and small particle size [25]. One possible
explanation for this phenomenon is that as the number
of terminated chains increases, the formation of a more
regular or ordered structure occurs within the polymer
matrix. This ordered structure may have a larger sur-
face area and result in smaller particle sizes when dis-
persed in solution. In summary, the insights gained
from DLS analysis suggest a complex interplay between
molecular structure, branching, and terminal functional
groups in hyperbranched polymer lube oil additives.

W B

38

1

Understanding these relationships can inform the design
and optimization of polymer additives with tailored
properties, ultimately enhancing their performance in
lubricant applications.

Differential scanning calorimetry (DSC)

DSC was applied to investigate the thermal behavior
and classify the polymers into amorphous polymers and
semi-crystalline by using cooling run and heating run
which identify the glass transition temperature (7g),
melting temperature (7m), and crystallisation tempera-
ture (7c), and enthalpies, making DSC a useful tool for
creating phase diagrams for various chemical systems.
In this work Fig. (9). shows DSC Analysis of prepared
hyper branched polymer (A) is endothermic peaks are
observed, (7,,) is 223 °C and the enthalpy —49.08 J/g.
Also Fig. (10). shows DSC Analysis of prepared hyper
branched polymer (C) it is endothermic peaks are
observed, (T,,) is 216 °C and the enthalpy —170.27 J/g.
the different between the structure of A and C give
increase in enthalpy due to increase the dodecyl acry-
late ratio but Fig. (11). show DSC Analysis of prepared
hyper branched polymer (E) it is endothermic peaks are
observed, (T,,) is 151.43 °C and the enthalpy —43.79 J/g.
The more negative the enthalpy of formation is for a
substance, the greater its thermal stability so from the
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above result the more stable one is hyper branched poly-
mer (C). All the prepared hyper branched polymer are
(crystalline like structures this confirm that the prepared
hyberpranched polymers have an ordinary shape and
seems like dendrimers). Differential scanning calorim-
etry suggests that the prepared hyperbranched polymers
resemble dendrimers in their shape and structure. Den-
drimers are highly branched, tree-like molecules with
well-defined structures and uniform molecular weights.
While hyperbranched polymers may not possess the pre-
cise hierarchical structure of dendrimers, they share sim-
ilarities in their branched architecture. The resemblance
to dendrimers implies that the hyperbranched polymers
exhibit a high degree of branching and complexity in
their molecular structure. This structural intricacy can
influence their thermal behavior and crystallinity, as the
branching architecture may hinder molecular mobility
and promote the formation of ordered regions. Overall,
DSC analysis of hyperbranched polymer lube oil addi-
tives can confirm their crystalline-like structures and
provide insights into their thermal properties. By under-
standing the relationship between molecular structure
and thermal behavior, researchers can optimize the syn-
thesis and formulation of these additives to enhance their
performance in lubricant applications.

2.0 1.5 1.0 ppm

923

Evaluation of prepared hyperbranched polymers as lube
oil viscosity index improver

The dispersion phase behavior of hyperbranched poly-
mer molecules is critical to the polymeric Viscosity index
enhancer’s function (base oil). The efficiency of the sol-
uble hyperbranched polymers as base oil viscosity index
enhancers was assessed in accordance with ASTM D2270
(SAE 30) between 40 and 100 °C, for example, the kine-
matic viscosity of the oil that has not been doped and
the oil that includes various amounts of the tested addi-
tives, was measured then calculated the viscosity index
as shown in the Table (3) and Fig. (12) To examine the
impact of the additive concentration, various addi-
tive concentrations ranging from 0 to 30x 10~ 3ppm of
the synthesized additives were employed. The VI rises
when the prepared additives’ concentration in the solu-
tion is increased. The lubricating oil viscosity reduces
as the temperature rises, while the hyperbranched poly-
mer molecule expands as a result of the rise in solvation
power, and the micelle size rises. This drop in lubricat-
ing oil viscosity is balanced by the expansion of micelles,
which reduces the fluctuations in viscosity with mix-
ture temperature. As the concentration of the polymer
increases, the overall volume of hyperbranched polymer
micelles in the oil solution increases.
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Fig. 8 DLS image of prepared hyper branched polymers

Table 2 Molecular weights and particle sizes of prepared
hyperbranched polymers

Sam-  Molecular weight (g/mol) Polydispersity Diameter (nm)
ple

A 8456 1.20 63
B 11,787 1.20 45
C 12,900 1.10 28
D 15,700 1.10 16
E 17,200 1.05 1.1

The viscosity index of a high concentration polymer will
thus be greater than that of a low concentration polymer.
On the other hand, VI rises also when the percentage
of triethylenetetramine as shown in prepared hyper-
branched polymers (A, D and E ) although VI decreases
by increasing the percentage of dodecyl acrylate s shown
in prepared hyperbranched polymers (A, B and C) and
the most efficiency one as VII is (E) VI=212 which is
higher than previous work [5, 7, 24, 29-31] because it has
different functional group as mention before.

The described behavior of hyperbranched polymer lube
oil additives suggests several unique characteristics that
differentiate them from other types of additives:

1. Enhanced Viscosity Index Improvement: As the
concentration of hyperbranched polymer additives
increases in the lubricant solution, the viscosity

index rises. This indicates that these additives have
a significant impact on improving the viscosity-
temperature relationship of the lubricant. Unlike
some conventional additives whose effectiveness
may plateau or diminish at higher concentrations,
hyperbranched polymers continue to enhance the
viscosity index even at elevated concentrations.

. Temperature-Responsive Behavior: The lubricating

oil viscosity typically decreases as temperature

rises, which can lead to performance challenges

in lubricant formulations, particularly at higher
operating temperatures. However, hyperbranched
polymer molecules exhibit expansion as a result of
increased solvation power at higher temperatures.
This expansion contributes to the enlargement of
micelles formed by the polymer in the oil solution,
which in turn helps to balance the drop in lubricating
oil viscosity. This temperature-responsive behavior
of hyperbranched polymers allows for better control
and stabilization of viscosity over a wide temperature
range.

. Effective Micelle Formation: The expansion of

hyperbranched polymer molecules leads to an
increase in micelle size in the oil solution. These
micelles act as carriers for the polymer additives,
facilitating their dispersion and interaction with
the lubricating oil. The larger micelle size resulting
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Table 3 Effect of concentration on the viscosity index

Conc. x103 ppm A B C D E
30.00 187 173 138 191 212
20.00 183 169 130 185 209
10.00 175 154 121 181 202
5.00 172 140 110 176 198
2.50 169 121 106 169 192
0.00 90 90 90 90 90

from higher polymer concentrations enhances the
overall volume of hyperbranched polymer micelles
in the solution. This increased volume contributes
to improved lubricant performance by reducing
viscosity fluctuations with changes in temperature.
Stabilization of Lubricant Properties: The ability

of hyperbranched polymers to expand and form
larger micelles in the oil solution helps stabilize the
viscosity-temperature relationship. By counteracting
the decrease in lubricating oil viscosity at elevated
temperatures, hyperbranched polymer additives
mitigate the adverse effects of temperature variations
on lubricant performance. This stabilization effect
contributes to smoother and more consistent
lubricant behavior under changing operating
conditions.

Overall, the unique combination of viscosity index
improvement, temperature-responsive behavior, effective
micelle formation, and stabilization of lubricant proper-
ties distinguishes hyperbranched polymer additives from
other types of lubricant additives. These characteristics
make hyperbranched polymers particularly well-suited
for enhancing the performance and stability of lubricant
formulations across a wide range of operating conditions.

The rheological behavior

For all the prepared hyperbranched polymers is the same
for example (E) at concentration 30x 102 ppm the most
efficiency one as VII which show in Fig. (13). The fluid
has a Newtonian rheological behavior, which means that
it meets the requirements with Newton’s law of viscosity.
Shear rate has no effect on viscosity [31-35].

For lubricant additives, the importance of a fluid exhib-
iting Newtonian rheological behavior, where shear rate
has no effect on viscosity, lies in several key factors:

Consistent Lubricant Performance:

1. Consistent Lubricant Performance: In lubrication
applications, maintaining a constant viscosity
regardless of shear rate ensures consistent lubricant
performance across a range of operating conditions.
This predictability is crucial for ensuring that the
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Fig. 13 The rheological behavior of lubricating oil with additive concentration 3% (E)

lubricant provides reliable protection and reduces
friction under varying loads and speeds.

Uniform Film Thickness: Newtonian behavior helps
ensure that the lubricant film formed between
moving surfaces remains uniform in thickness. This
is essential for preventing metal-to-metal contact,
minimizing wear, and providing effective boundary
lubrication in machinery and equipment.

Stable Viscosity Index: Newtonian additives
contribute to the stability of the lubricant’s viscosity
index. A constant viscosity ensures that the lubricant
maintains its desired flow properties and lubricating
effectiveness over a wide range of temperatures and
operating conditions.

4. Simplified Formulation: Lubricant formulations

containing Newtonian additives can be more
straightforward to design and optimize. Since

the viscosity of the lubricant remains constant, it
simplifies the selection and blending of additives
to achieve the desired performance characteristics
without needing to compensate for variations in
viscosity with shear rate.

. Ease of Application: Lubricants with Newtonian

additives are easier to apply and distribute uniformly
over surfaces due to their predictable flow behavior.
This facilitates the lubrication process and ensures
that the lubricant reaches critical contact points
effectively.
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6. Compatibility with Equipment: Newtonian
lubricant additives are compatible with a wide
range of machinery and equipment, as they provide
consistent lubrication performance without causing
adverse effects on system components.

Overall, the important effect of lubricant additives exhib-
iting Newtonian rheological behavior is their ability to
maintain a constant viscosity regardless of shear rate.
This ensures consistent lubricant performance, stable
viscosity index, simplified formulation, and ease of appli-
cation, ultimately contributing to improved machinery
efficiency, reliability, and longevity.

Conclusion

To improve the synthesis’s reliability, the prepared
branched polymers with different nano-sized terminates
(A to E) were successfully synthesised using an easy and
commercialised method according to repeated Michale
addition and amidation. The particle size of the synthe-
sised samples grows as the molecular weights and num-
ber of branching increase.

The greater the thermal stability of a substance,
the greater its negative enthalpy of formation; thus,
hyper branched polymers are more stable (C). All the
hyperbranched polymers that have been prepared are
(crystalline).

The use of branched polymers with varied terminations
as viscosity index enhancers has proved effective. As
the concentration of prepared additives in the solution
increases, so does the VI, as does the percentage of tri-
ethylenetetramine in prepared hyperbranched polymers,
but it decreases as the percentage of dodecyl acrylate in
prepared hyperbranched polymers increases, and the
most efficient one as VII is (E) VI=212, Newtonian rhe-
ological behavior is observed in all the prepared hyper-
branched polymers.

Acknowledgements
The authors are greatly thankful to the Egyptian Petroleum Research Institute
(EPRI) for its extreme support.

Author contributions

Reham made the experimental sections, Reem participate in making the point
of Research and participate in writing and interpretation the article, Rasha
participate in making the point of Research and participating in writing and
interpreting the article.

Funding

I'have no funds.

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB).

Data availability
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Page 13 of 14

Declarations

Ethics approval and consent to participate
In the current work, the ethical standards are not applicable.

Consent for publication
In the current work, the consent of publication is not applicable.

Conflict of interest

The authors of the present article would like to declare that they have no
known conflict financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Received: 14 March 2023 / Accepted: 10 May 2024
Published online: 30 May 2024

References

1. Singh N, Agarwal P, Porwal J, Porwal SK. Evaluation of block copolymer and
homopolymer of stearyl methacrylate as multifunctional additives for lubri-
cating oil. Polym Bull. 2023. https://doi.org/10.1007/500289-023-04937-9.

2. Agarwal P, Porwal SK. Non-edible/waste cooking oil-derived sustain-
able green multifunctional copolymeric additives for mineral base oil.
Biomass Convers Biorefinery. 2023;13:3017-27. https://doi.org/10.1007/
$13399-021-01336-w.

3. Agarwal P, Chaudhary S, Porwal J, Singh RK, Porwal SK. Evaluation of renew-
able feedstock-derived copolymers of stearyl methacrylate-co-triglyceride
as multifunctional green additives in lubricant. Polym Bull. 2022;79:2133-48.
https://doi.org/10.1007/500289-021-03611-2.

4. Nassar A. The Behavior of polymers as Viscosity Index Improvers. Pet Sci
Technol. 2008;26:514-22. https://doi.org/10.1080/10916460600806101.

5. Nassar AM, Ahmed NS, Kamal RS, Abdel Azim A-AA, EI-Nagdy El. Preparation
and evaluation of acrylate polymers as viscosity index improvers for lube oil.
Pet Sci Technol. 2005;23. https://doi.org/10.1081/LFT-200031097.

6. AAAA Azim AM, Nasser NS, Ahmed AF, El Kafrawy RS, Kamal. Multi-
functional additives viscosity index improvers, pour point ddepres-
sants and dispersants for llube oil. Pet Sci Technol. 2009;,27. https://doi.
0rg/10.1080/10916460701434621.

7. Nasser AM, Ahmed NS, Kamal RS. Preparation and evaluation of some
terpolymers as lube oil additives. J Dispers Sci Technol. 2011;32. https://doi.
0rg/10.1080/01932691003659692.

8. SparnacciK, Frison T, Podda E, Antonioli D, Laus M, Notari M, Assanelli G,
Atzeni M, Merlini G, P6 R. Core-Crosslinked Star copolymers as Viscosity Index
Improvers for lubricants. ACS Appl Polym Mater. 2022,4:8722-30. https://doi.
0rg/10.1021/acsapm.2c01039.

9. Nasser RM. Acrylic Polymers as Additives for Engine Oil: A Historical Perspec-
tive, in: M.E. Abdel-Raouf, M.H. El-Keshawy, editors, IntechOpen, Rijeka, 2022:
p. Ch. 1. https://doi.org/10.5772/intechopen.98867.

10.  Khalafvandi SA, Pazokian MA, Fathollahi E. The investigation of Viscometric
properties of the most reputable types of Viscosity Index improvers in differ-
ent lubricant base oils: APl groups |, II, and lll. Lubricants. 2022;10. https://doi.
0rg/10.3390/lubricants10010006.

11. Negi MS, Naresh Kumar K, Bhardwaj A, Kapur GS, Ramakumar SSV. Prediction
of thickening efficiency of olefin copolymers and kinematic viscosities of
the blended base oils by determining intrinsic viscosities of the copoly-
mers in cyclohexane. Egypt J Pet. 2022;31:7-14. https://doi.org/10.1016/.
€jpe.2022.02.003.

12. KitajyoY, Imai T, Sakai Y, Tamaki M, Tani H, Takahashi K, Narumi A, Kaga H,
Kaneko N, Satoh T, Kakuchi T. Encapsulation-release property of amphiphilic
hyperbranched d-glucan as a unimolecular reverse micelle. Polym (Guildf).
2007;48:1237-44. https;//doi.org/10.1016/j.polymer.2007.01.028.

13. An SG, Li GH, Cho CG. Synthesis of amphiphilic star block copolymers of poly-
styrene with PEG core via ATRP—control of chain architecture and the forma-
tion of core-shell type globular structure. Polym (Guildf). 2006;47:4154-62.
https://doi.org/10.1016/j.polymer.2006.02.041.

14.  TaniguchiY, Ogawa M, Gang W, Saitoh H, Fujiki K, Yamauchi T, Tsubokawa N.
Preparation of hyperfunctional carbon black by grafting of hyperbranched
polyester onto the surface. Mater Chem Phys. 2008;108:397-402. https://doi.
org/10.1016/j.matchemphys.2007.10.013.

15.  Tomalia DA, Naylor AM, Goddard WA. Starburst dendrimers: molecular-level
control of size, shape, Surface Chemistry, Topology, and flexibility from atoms


https://doi.org/10.1007/s00289-023-04937-9
https://doi.org/10.1007/s13399-021-01336-w
https://doi.org/10.1007/s13399-021-01336-w
https://doi.org/10.1007/s00289-021-03611-2
https://doi.org/10.1080/10916460600806101
https://doi.org/10.1081/LFT-200031097
https://doi.org/10.1080/10916460701434621
https://doi.org/10.1080/10916460701434621
https://doi.org/10.1080/01932691003659692
https://doi.org/10.1080/01932691003659692
https://doi.org/10.1021/acsapm.2c01039
https://doi.org/10.1021/acsapm.2c01039
https://doi.org/10.5772/intechopen.98867
https://doi.org/10.3390/lubricants10010006
https://doi.org/10.3390/lubricants10010006
https://doi.org/10.1016/j.ejpe.2022.02.003
https://doi.org/10.1016/j.ejpe.2022.02.003
https://doi.org/10.1016/j.polymer.2007.01.028
https://doi.org/10.1016/j.polymer.2006.02.041
https://doi.org/10.1016/j.matchemphys.2007.10.013
https://doi.org/10.1016/j.matchemphys.2007.10.013

El-shazly et al. BMC Chemistry

20.

22.

23.

24.

25.

(2024) 18:107

to macroscopic matter. Angew Chemie Int Ed Engl. 1990,29:138-75. https://
doi.org/10.1002/anie.199001381.

Fréchet JM.J. Functional polymers and dendrimers: reactivity, Molecular
Architecture, and Interfacial Energy. Sci (80-). 1994;263:1710-5. https://doi.
org/10.1126/science.8134834.

Caminade A-M, Maraval V, Laurent R, Majoral J-P. Organometallic deriva-
tives of Phosphorus-containing dendrimers. Synthesis, Properties and
Applications in Catalysis. Curr Org Chem. 2002;6:739-74. https://doi.
0rg/10.2174/1385272023374012.

Twyman LJ, King ASH, Martin IK. Catalysis inside dendrimers. Chem Soc Rev.
2002;31:69-82. https://doi.org/10.1039/B107812G.

Romagnoli B, Hayes W. Chiral dendrimers—from architecturally interesting
hyperbranched macromolecules to functional materials. J Mater Chem.
2002;12:767-99. https://doi.org/10.1039/B110218B.

van Manen H-J, van Veggel FCJM, Reinhoudt DN. In: Vogtle F, Schalley CA,
editors. Non-covalent synthesis of metallodendrimers BT - Dendrimers IV:
metal coordination, Self Assembly, Catalysis. Berlin, Heidelberg: Springer Ber-
lin Heidelberg; 2001. pp. 121-62. https://doi.org/10.1007/3-540-45003-3_4.
Gao C, Yan D. Hyperbranched polymers: from synthesis to applica-

tions. Prog Polym Sci. 2004;29:183-275. https://doi.org/10.1016/].
progpolymsci.2003.12.002.

Wei L, Chao M, Dai X, Jia X, Geng X, Guo H. Synthesis and characterization of
a Novel Multibranched Block Polyether Demulsifier by polymerization. ACS
Omega. 2021;6:10454-61. https://doi.org/10.1021/acsomega.1c00949.
Roussi E, Tsetsekou A, Tsiourvas D, Karantonis A. Novel hybrid organo-silicate
corrosion resistant coatings based on hyperbranched polymers, surf. Coat
Technol. 2011;205:3235-44. https://doi.org/10.1016/j.surfcoat.2010.11.037.
El-shazly RI, Kamal RS, Nassar AM, Ahmed NS, Sayed GH. The behavior of
some terpolymers as lubricating oil additives. Appl Petrochemical Res.
2020;10:115-23. https://doi.org/10.1007/513203-020-00250-y.

Labena A, Kabel KI, Farag RK. One-pot synthesize of dendritic hyperbranched
PAMAM and assessment as a broad spectrum antimicrobial agent and
anti-biofilm. Mater Sci Eng C. 2016;58:1150-9. https://doi.org/10.1016/j.
msec.2015.09.042.

26.

27.

28.

29.

30.

31,

32.

33.

34.

35.

Page 14 of 14

Kabel KI, Abdelghaffar AM, Farag RK, Maysour NE, Zahran MAH. Synthesis

and evaluation of PAMAM dendrimer and PDPF-b-POP block copolymer as
asphaltene inhibitor/dispersant. Res Chem Intermed. 2015;41:457-74. https.//
doi.org/10.1007/511164-014-1629-2.

Cao L, Yang W, Wang C, Fu S. Synthesis and striking fluorescence properties of
Hyperbranched Poly(amido amine). J Macromol Sci Part A. 2007;44:417-24.
https://doi.org/10.1080/10601320601188299.

Crooks RM, Zhao M, Sun L, Chechik V, Yeung LK. Dendrimer-Encapsulated
Metal nanoparticles: synthesis, characterization, and applications to Catalysis.
Acc Chem Res. 2001;34:181-90. https://doi.org/10.1021/ar000110a.

Kamal RS, Ahmed NS, Nassar AM. Synthesis and characterization of mixed
esters as synthetic lubricants. Pet Coal. 2017;59:736-46.

Stanciu I. Viscosity index for oil used as biodegradable lubricant. Indian J Sci
Technol. 2020;13:352-9. https://doi.org/10.17485/ijst/2020/v13i03/147759.
Kamal RS, Nassar AM, Ahmed NS. Study the efficiency of some Esters

based on 2- Ethyl Hexanoic Acid as Synthetic lubricants. Egypt J Chem.
2021;64:7191-200. https://doi.org/10.21608/EJCHEM.2021.83605.4103.
Chhabra RP. Non-Newtonian fluids: An introduction, Rheol. Complex Fluids
(2010) 3-34. https://doi.org/10.1007/978-1-4419-6494-6_1.

Ahmed NS, Nassar AM, Nasser RM, Abdel Raouf ME, El-Kafrawy AF. The rheo-
logical properties of lube oil with terpolymeric additives, 2014. https://doi.org
/10.1080/10916466.2011.590833.

E-SM.E-Z. Magdi F, Abadir H, Ashour NS, Ahmed. Studying The Rheological
Properties of Some Polymeric Additives Based on Acrylate Ester With Vinyl
Acetate, Curr. Res. 6 (2014) 7831-7835. https://doi.org/.

E-SME-Z MagdiF, Abadir H, Ashour NS, Ahmed. The Effect of Some Additive
on The Rheological Properties of Engine Lubricating Oil", Eng. Res. Appl. 4
(2014) 169-183. https://doi.org/.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1002/anie.199001381
https://doi.org/10.1002/anie.199001381
https://doi.org/10.1126/science.8134834
https://doi.org/10.1126/science.8134834
https://doi.org/10.2174/1385272023374012
https://doi.org/10.2174/1385272023374012
https://doi.org/10.1039/B107812G
https://doi.org/10.1039/B110218B
https://doi.org/10.1007/3-540-45003-3_4
https://doi.org/10.1016/j.progpolymsci.2003.12.002
https://doi.org/10.1016/j.progpolymsci.2003.12.002
https://doi.org/10.1021/acsomega.1c00949
https://doi.org/10.1016/j.surfcoat.2010.11.037
https://doi.org/10.1007/s13203-020-00250-y
https://doi.org/10.1016/j.msec.2015.09.042
https://doi.org/10.1016/j.msec.2015.09.042
https://doi.org/10.1007/s11164-014-1629-2
https://doi.org/10.1007/s11164-014-1629-2
https://doi.org/10.1080/10601320601188299
https://doi.org/10.1021/ar000110a
https://doi.org/10.17485/ijst/2020/v13i03/147759
https://doi.org/10.21608/EJCHEM.2021.83605.4103
https://doi.org/10.1007/978-1-4419-6494-6_1
https://doi.org/10.1080/10916466.2011.590833
https://doi.org/10.1080/10916466.2011.590833

	﻿Structural and viscosity studies of dendritic hyper branched polymer as viscosity index improvers
	﻿Abstract
	﻿Introduction
	﻿Experimental
	﻿Chemicals
	﻿Synthesis of hyperbranched poly (amido amine)
	﻿H-PAMAM tertiary amine synthesis
	﻿Preparation of the hyperbranched polymer
	﻿Characterization of the synthesized hyperbranched polymer
	﻿FTIR analysis
	﻿Spectroscopic ﻿1﻿HNMR analysis
	﻿Dynamic light scattering (DLS)
	﻿Differential scanning calorimetry (DSC)


	﻿Evaluation as viscosity index improver
	﻿Study rheological properties
	﻿Results and discussion


