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ABSTRACT

Lubricating greases play a crucial role in protecting and maintaining the stable operation of
equipment, particularly under the harsh and corrosive conditions of marine environments. Most
currently available greases are formulated from mineral oils, which are non-biodegradable and
pose serious environmental pollution risks. In response to the increasing demand for
environmentally friendly alternatives, especially in marine environments where various military
devices operate, the development of biodegradable lubricating greases has become a necessity.
This study presents the synthesis and evaluation of a biodegradable grease formulated using castor
oil as the base oil, lithium 12-hydroxystearate soap as the thickener, and functional additives with
anti-corrosion and anti-wear properties. The grease was prepared with a thickener-to-base oil
ratio of 14:86 wt.% and temperature processed at 220-230°C, resulting in a stable structure and
high homogeneity. Salt spray test results demonstrated a significant improvement in metal surface
protection. Additionally, the grease exhibited a load-carrying capacity of 315kg and a
biodegradability exceeding 70%. The results indicate that the grease offers excellent lubricating
and protective properties and high biodegradability, making it suitable for equipment operating
in marine environments.
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1. INTRODUCTION

Lubricating grease is a colloidal system composed of three primary components: base oil,
thickener, and performance additives. Typically existing in a semi-liquid to semi-solid state, grease
is widely applied in mechanical systems to reduce friction, minimize wear, protect metal surfaces,
and prevent the entry of moisture and contaminants. The characteristic properties of grease arise
from the synergistic interaction among its three components. Specifically, the thickener determines
the consistency and structural framework of the grease. At the same time, additives enhance
properties such as oxidation resistance, thermal stability, anti-rust performance, corrosion
inhibition, and high-pressure resistance [1].

The base oil is typically a petroleum-derived mineral in conventional lubricating greases due
to its favorable stability, high lubricating efficiency, and low cost. However, mineral oils exhibit
very low biodegradability, with reported degradation rates typically ranging from 15% to 35%
under standard test conditions [2]. When released into the environment, particularly marine
ecosystems, they can cause persistent pollution and severely impact aquatic life [3]. Studies have
also demonstrated that residual hydrocarbons from non-biodegraded lubricants can induce chronic
toxicity in fish, crustaceans, and planktonic organisms, while also bioaccumulating through food
chains and posing long-term risks to human health.

Considering growing environmental threats and the global push for sustainable development,
there has been a marked change in the lubricant industry toward using both renewable and readily
biodegradable base oils. Vegetable oils, which contain unsaturated fatty acid chains in their
molecular structure, exhibit excellent lubricity, appropriate viscosity, and chemical compatibility
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with a variety of thickeners such as lithium compounds, polyurea, modified bentonite, and saboxite
[4]. Moreover, bio-based oils offer economic advantages by utilizing agricultural byproducts,
reducing dependence on fossil resources, and promoting circular economy models. Several recent
studies have demonstrated the potential of high-performance biodegradable greases. Campanella
et al. synthesized a biodegradable grease using epoxidized canola oil and lithium hydroxystearate
as the thickener, showing favorable mechanical performance and thermal stability in the
temperature range of - 20 to 120 °C [5]. Padgurskas et al. investigated the formulation of a
biodegradable lubricating grease based on rapeseed oil, employing beeswax as the thickening
agent. The grease was further modified with functional anti-wear additives, antioxidants, and
carbon-based nanoparticles [6]. Sapnar et al. developed a biodegradable lubricating grease using
palm oil as the base oil. The formulation combined palm oil with stearic acid, calcium hydroxide,
glycerol monostearate, soy wax, and hydroxyapatite to produce a high-performance lubricant with
significant ecological advantages. In the formulation, the selected components acted as
saponifying agents, thickeners, and functional additives, contributing to improvements in
consistency, structural stability, and tribological behavior [7]. In Vietnam, research and application
of biodegradable lubricating greases have received increasing attention in recent years [8, 9].

This study reports the formulation of a biodegradable lubricating grease using castor oil, a
selected thickener, and functional additives. Preliminary evaluations assessed its corrosion
protection, anti-wear performance, and biodegradation potential under laboratory conditions.
Initial findings suggest that the developed grease holds promise for application in military
equipment operating under harsh marine environments.

2. EXPERIMENT

2.1. Materials

- Base oil: Castor oil (India) was employed as the base fluid. Its key physicochemical properties
included a specific gravity of 0.96 g/mL, saponification value of 182 mg KOH/g, kinematic
viscosity of 250 ¢St at 40 °C, and flash point of 290 °C.

- Thickener: Lithium 12-hydroxystearate was utilized as the thickening agent. This compound
was synthesized in-house via a conventional saponification process using 12-hydroxystearic acid
(analytical grade, Macklin, China) as the starting material.

- Additives: To enhance the functional performance of the grease, the following additives-
supplied as pure chemicals by Macklin (China)-were incorporated: diphenylamine P89 as an
antioxidant and anti-rust agent; zinc dialkyldithiophosphate (ZnDTP) as an anti-wear additive; and
a combination of molybdenum disulfide (MoS:) and graphite as solid lubricants to reduce friction.

- Steel (CT3), aluminum (Al), and copper (Cu) plates with dimensions of 10 x 10 cm were
selected as the materials for corrosion investigation in this study.

- Steel wire specimens with lengths of 0.5 — 1.0 m were selected for field testing under realistic
operational conditions.

2.2. Experimental

Biodegradable lubricating grease was prepared in four sequential stages. In the first stage,
lithium 12-hydroxystearate soap was synthesized in-house by reacting 12-hydroxystearic acid with
lithium hydroxide at 90 - 95 °C under continuous stirring. In the second stage, the synthesized soap
was dispersed into castor oil at an elevated temperature of 200 - 210 °C to form a homogeneous
mixture. In the third stage, the resulting mixture was gradually cooled to 120 °C to allow grease
crystallization and structural development. In the fourth stage, functional additives-including
diphenylamine P89, ZnDTP, MoS,, and graphite-were incorporated at 120 - 130 °C under constant
stirring. Each additive was added at a concentration of 0.05 wt.%, resulting in a total additive
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content of 2 wt.% in the final grease formulation. Following additive incorporation, the grease was
further stirred to ensure uniform distribution and homogenized using a colloid mill to obtain a
consistent and stable final product. Five grease samples (M1, M2, M3, M4, M5) were prepared
with lithium 12-hydroxystearate contents of 10, 12, 14, 16, and 18 wt.% in castor oil, respectively.
Their dropping point and working penetration were evaluated using standard methods.

2.3. Materials characterization

- Corrosion resistance was evaluated through accelerated salt spray testing by ASTM B117.
Test specimens included carbon steel (CT3, Fe), copper (Cu), and aluminum (Al) plates. Before
testing, all metal surfaces were polished using emery paper to achieve a surface finish equivalent
to triangular gloss grade 8, followed by uniform application of the prepared grease. A blank sample
(without additives) was also included as a control for comparative analysis.

- Anti-wear performance was assessed using the four-ball wear test method by ASTM D2596-
02. The test was conducted under standard conditions to determine the wear-preventive
characteristics of the formulated greases.

- The biodegradability of the lubricating grease was evaluated using the OECD 306 method.
The primary objective was to measure the dissolved organic carbon (DOC) concentration in the
solution after 28 days of testing. Biodegradation was assessed by monitoring the reduction in DOC
compared to the initial concentration, thereby determining the percentage of organic matter
degraded. All tests were conducted under controlled conditions, with the temperature maintained
between 15+ 2 °C and 20 + 2 °C, mild stirring, and each test repeated at least three times to confirm
that results are reliable and repeatable.

2.4, Field testing under marine conditions
Assessment of corrosion protection under marine climatic conditions

The corrosion resistance was evaluated through direct exposure tests conducted in Cam Ranh,
Khanh Hoa, Vietnam. Test specimens comprised steel wire ropes with 10 mm, 20 mm, and 32 mm
diameters. Each rope sample was uniformly coated with a one mm-thick layer of the formulated
grease. The specimens were suspended in seawater at the port area and fully submerged for 60 days
to simulate long-term marine exposure. A schematic diagram of the experimental procedure is
presented in figure 1.

Sample preparation Rust removal and surface
(steel wire: 0.5-1.0 m long) cleaning

|

Coating biodegradable grease,
a thickness of 1-2 mm

Immersion in seawater 60 days |

Figure 1. Schematic diagram of the experimental procedure for evaluating
the corrosion resistance of biodegradable grease coating.

Performance testing on the 4500-ton lifting platform

Performance testing was carried out on a 4500-ton lifting platform in a salt-laden, high-
humidity marine environment. Steel wire ropes coated with biodegradable grease underwent
alternating seawater immersion and chloride-rich air exposure during operation. The ropes faced
dynamic loads and environmental fluctuations. After testing, the grease was assessed for adhesion,
load-bearing capacity, and friction reduction. A schematic is shown in figure 2.
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Figure 2. (a) Evaluation process and (b) field images of biodegradable grease
on steel ropes in a 4500-ton lifting platform.

3. RESULTS AND DISCUSSION

3.1. Effect of dispersed phase and dispersion medium

To investigate the influence of the dispersed phase and the dispersion medium on the structural
formation and stability of biodegradable lubricating grease, a series of formulations was prepared
by varying the mass ratio between lithium 12-hydroxystearate (dispersed phase) and castor oil
(dispersion medium). The physicochemical properties of the prepared greases as a function of the
dispersed phase concentration, the results are presented in figure 3.
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Figure 3. Effect of lithium 12-hydroxystearate concentration on the properties of greases.

The results presented in figure 3 indicate that the dispersed phase content significantly affects the
physical properties of the lubricating grease, particularly concerning penetration and dropping point.
Samples M1 and M2, formulated with relatively low concentrations of lithium 12-hydroxystearate
(10 - 12 wt.%), exhibited high penetration values and low dropping points, suggesting a soft
consistency and limited thermal resistance. These characteristics are generally undesirable in high-
performance lubricants, as they reflect poor structural strength and low temperature resistance. With
increasing thickener content, samples M3 and M4 showed a marked improvement in rheological
behavior. Specifically, the penetration values decreased while the dropping points increased,
indicating enhanced structural integrity and thermal stability. Sample M3 exhibited a homogeneous
brownish-yellow appearance, good consistency, and no observable phase separation or oil release,
suggesting excellent formulation homogeneity. Although sample M5 achieved the highest dropping
point (180 °C), it also demonstrated a significant reduction in penetration, indicative of excessive
hardness. This may be caused by the thickener content being higher than the optimal level, which
reduces the uniformity of the grease structure and limits the dispersion ability of the system. A low
thickener concentration produces a thermally unstable, overly soft product, while an excessive
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amount produces a substantial, less workable material. Based on the comprehensive evaluation, the
formulation corresponding to sample M3 (14 wt.% lithium soap/86 wt.% castor oil) was identified
as a suitable composition for further development and application.

3.2. Effect of processing temperature

The development of the grease microstructure is strongly influenced by thermal treatment
during synthesis, wherein lithium 12-hydroxystearate is dispersed in castor oil at high
temperatures. To identify the optimal temperature range for the heat treatment stage, experiments
were conducted on grease sample M3, with processing temperatures ranging from 190 °C to
250 °C. The evaluated parameters included the dropping point and penetration. The results are
shown in figure 4.

205 310
—&— Dopping point
200 - L 305
—&— Penetration
195
-~ I 300 ®
&) J
< 19 E
-] F 205 v
= .
3 185 4 S
o L2s0 E
.%t 180 - S
£ g
& 175 - 285 ©
= g
170 A
F 280
165
275
160 -

T T T T T T T T
170 180 180 200 210 220 230 240 250 260

Temperature (°C)
Figure 4. Effect of synthesis temperature on the physical properties of the grease.

As shown in figure 4, grease samples processed at 220 - 230°C exhibited the highest dropping
points (193 - 198 °C) and maintained relatively stable penetration values (288 - 290 x 0.1 mm).
These results indicate the formation of a dense, well-developed, and thermally stable soap fiber
network. In contrast, samples synthesized at lower temperatures (180 - 190 °C) showed insufficient
soap fiber formation, as reflected by lower dropping points and penetration values, suggesting a
softer structure and reduced thermal stability. Conversely, samples processed at higher
temperatures (240 - 250°C) exhibited a notable decrease in dropping point and increased
penetration values. This trend may be attributed to partial degradation of the soap network under
excessive thermal conditions, which adversely affects the structural integrity of the grease. Based
on these findings, the temperature range of 220 - 230 °C was selected for grease synthesis in
subsequent experimental investigations.

3.3. Performance evaluation of the biodegradable lubricating grease
Corrosion protection performance under salt spray accelerated testing

The corrosion resistance of the biodegradable lubricating grease was evaluated through an
accelerated salt spray test conducted by ASTM B117. The test includes 20 spray cycles, and the
corrosion levels were assessed using the Rust Evaluation (Re) index, which ranges from Re0 (no
visible rust) to Rel0 (severe corrosion, > 90% surface). The results are presented in table 1.

As shown in table 1, the uncoated metal specimens (blank samples) exhibited severe corrosion
(Re10) after only five test cycles for all three metals (CT3 steel, Cu, and Al), indicating extensive
surface degradation (90-97% rust coverage) and poor natural corrosion resistance under rich salt
conditions. By contrast, metal samples coated with the formulated biodegradable grease showed
significantly improved corrosion resistance throughout the 20-cycle test. In the case of CT3 steel,
the rust severity progressed from Re2 (approximately 2—4% surface corrosion) at cycle 5 to Re7
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(approximately 30-35%) at cycle 20. Copper samples exhibited Re3 to Re8 during the same
interval, while Aluminum samples showed a more stable behavior, maintaining rust grades
between Re3 and Re7. The improved performance can be attributed to corrosion-inhibiting
additives in the grease formulation, which likely form a protective barrier at the metal-grease
interface and suppress electrochemical degradation processes.

Table 1. Corrosion performance of grease samples under salt spray conditions.

. Assessment after each cycle
Material
5 10 15 20
CT3 steel (uncoated) Rel0 - - -
CT3 steel-coated grease film Re2 Re3 R5 Re7
Cu (uncoated) Rel0 - - -
Cu-coated grease film Re3 Re4 Re6 Re 8
Al (uncoated) Rel0 - - -
Al-coated grease film Re3 Re4 Re5 Re7

Anti-wear performance evaluation

The anti-wear performance of the biodegradable lubricating grease was assessed using the four-
ball test method by ASTM D2596-02. The base grease formulation contained no functional
additives and exhibited a weld load of 192 kg. In contrast, the grease sample formulated with anti-
wear additives demonstrated a significantly improved weld load of 315 kg. This corresponds to a
64.06% enhancement in load-carrying capacity, indicating the substantial effect of the additives
on reinforcing the mechanical strength of the lubricating film formed between contacting surfaces.
The observed improvement is primarily attributed to the selective adsorption of additive molecules
onto the metal substrate, which facilitates the formation of a protective boundary layer. This layer
effectively minimizes direct metal-to-metal contact, reduces local mechanical interaction, and
restricts plastic deformation under high stress conditions. These results highlight the superior
lubricating performance of the grease system based on vegetable oil and thickened with lithium
12-hydroxystearate, when combined with appropriate anti-wear additives.

Biodegradability assessment

The grease biodegradability was assessed using OECD 306, based on dissolved organic carbon
reduction in simulated marine conditions. Results for the four samples are shown in table 2.

Table 2. Biodegradability of lubricating grease samples.

Sample Initial DOC (mg/L) Final DOC (mg/L) Biodegradation degree (%)
Ml 120.0 34.5 71.3
M2 115.0 343 70.2
M3 118.0 32.9 72.1
M4 122.5 33.7 72.5

The results presented in table 2 indicate that the grease sample prepared with castor oil as the
dispersion medium achieved a biodegradation rate exceeding 70%. According to OECD
classification standards, this level qualifies as readily biodegradable, indicating high environmental
friendliness. These results affirm the suitability of castor oil-based grease formulations for
applications where biodegradability and ecological safety are critical, particularly in marine or
outdoor environments where lubricant loss may result in direct environmental exposure.
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Field testing under marine conditions

In the first testing, grease-coated steel cables were immersed at 2 meters in natural seawater for
60 days. The grease film retained excellent adhesion across the cable surface throughout the testing
period without any signs of flow, delamination, or coating loss. No discoloration or degradation
was observed, indicating high chemical stability in chloride-rich environments. Additionally, the
absence of visible rust or corrosion on the underlying metal surface confirmed the effectiveness of
the grease in inhibiting corrosion. These results show that the biodegradable grease retains
morphological stability, adhesion, and protective performance under prolonged exposure to harsh
marine conditions, underscoring its suitability for maritime and coastal defense applications.

In the second testing, the grease was applied to load-bearing cables of a 4500-ton ship-lifting
platform. The system operated continuously over three months under combined static and dynamic
testing in a marine environment. The grease exhibited high lubricity, significantly reducing friction
and wear, while resisting mechanical stress without oil separation or loss of adhesion. It maintained
morphological stability and surface coverage throughout the operating cycle, even under high
humidity, saline exposure, and mechanical loading. These findings further confirm the durability
and multifunctional performance of the grease, supporting its applicability in harsh operational
environments such as naval infrastructure and heavy-duty maritime systems.

5. CONCLUSIONS

This study successfully formulated a biodegradable lubricating grease tailored for extreme
marine environments. Field testing on a 4500-ton ship-lifting platform confirmed its strong
adhesion, stable surface coverage, and effective friction and wear reduction under combined static
and dynamic loading in seawater. In addition to its mechanical and tribological performance, the
grease offers significant environmental advantages due to its biodegradability, minimizing
ecological risks associated with conventional lubricants. Overall, the results confirm its practical
applicability in naval and heavy-duty maritime systems and emphasize its potential as a sustainable
alternative to traditional mineral oil-based greases. Further investigations into its lifecycle
performance and compatibility with various naval components will support broader deployment
in sustainable maintenance practices for maritime defense systems.
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TOM TAT

Nghién ciru ché tao m& béi tron c6 kha ning phan hiy sinh hoc ung dung
cho thiét bi chuyén dung hoat djng trong méi trwong bién

Mo boi tron dong vai tro quan trong trong viéc bao vé va duy tri hoat dong o on dinh ciia
cdc thiét b, ddc biét la trong diéu kién moi truong bién khdc nghiét. Tuy nhién, phan lén
cac logi mo hién nay dwoc san xudt tir dau khodng khéng cé kha nang phdn hiy sinh hoc,
tiém an nguy co' é nhiém méi truong nghiém trong. Trudc nhu cau phdt trién cdc san pham
thén thién véi moi truong, déc biét trong diéu kién cdc thiét bi chuyén dung thuong xuyén
van hanh tai khu viee bién dao, viéc nghién ciru ché tao mé béi tron phan huy sinh hoc la
hét sirc can thiét. Bai bdo nay trinh bay két qua nghién civu tong hop va danh gia mé béi
tron ¢é kha nang phdn hity sinh hoc sir dung dau thau dau la dau nén, chat lam dac la xa
phong lithium 12-hydroxystearat, két hop véi hé phu gia chire nang chong gi, chong mai
mon. Mé duwgc ché tao véi ty 1é chat lam dic/dau nén la 14/86% khoi lwong va nhiét @ xir
Iy 220-230 °C cho cdu triic bén va d¢ dong déu cao. Két qua thir nghiém mit mudi chitng
minh m& phii givip cdi thién ré rét kha nang bdo vé bé mdt kim loi. Ngodi ra, kha ning chiu
tdi cia mé dat 315 kg va kha ndang phan hiyy sinh hoc vieot 70%. Nhitng két qud nay cho
thdy mé 6 kha nang boi tron, bao vé kim loai va c6 kha nang phdn hity sinh hoc cao, dap
vng yéu cau ky thudt doi véi cdc thiét bi hoat dong trong méi truong bién.

Tiwr khoa: M& bdi tron; Phan huy sinh hoc; Ma sat; Mai mon.
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