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Graphical abstract Abstract
. E:ﬁfno%f;!; Formalation of Concermns about the dwindling supply of mineral oil, which is heavily used in
Depletonof Mineral i Aozt Grease Usirg Fumed products like grease, have prompted the exploration of Waste Cooking Oil
0nl Cver The Years. 2 An Altsmativa to Siliea (F8 ) as . . R . .

Replace The Thickeper (WCO) as a viable alternative. WCO, derived from improperly disposed
Grease's Base OIL - vegetable oll, is the focus of this study, which aims to produce grease using
Fumed Silica (F.S.) as a thickener. The process involves heating and filtering
WCO fo reduce moisture content and remove impurities, followed by
formulation with additives using a homogenizer at 5000 rom for three hours,
and then cooling for a week. The resulting greases are tested for
Salaeting The Best Analysis of The consistency, oil bleeding, separation, dropping point, and corrosion rate. All
Grezse According to Formulated Grazzes lubricants exhibit NLGI values between 00 and 4, oil bleeding from -15% to
PEI:S@EMJE}'P S‘iﬁ?@ 15%, oil separation below 4%, a dropping point exceeding 350°C, and a

ormance Durmg t asting A i i i i
Tee dudsis Metked (TS0, slightly tarnished appearance against copper strips for corrosion

classification. An exception is made for F.Gs4 due to its abnormal grease
structure. Despite this anomaly, F.Gso emerges as the top-performing
grease, meeting all specifications. This study highlights the effectiveness of
WCO as a base oil for grease production.

Keywords: Copper strips, fumed silica, grease, homogenizer, waste cooking
oil

Abstrak

Kebimbangan mengenai bekalan minyak mineral yang semakin
berkurangan, yang banyak digunakan dalaom produk seperti  gris,
penerokaan segera Minyak Masak Sisa (WCO) sebagai alternatif yang
berdaya maju. Berasal daripada minyak sayuran yang fidak dilupuskan
dengan betul, WCO menjadi fokus kajian ini bertujuan unfuk penghasilan
gris menggunakan Fumed Silica (F.S.) sebagai pemekat. Proses ini
melibatkan pemanasan dan penapisan WCO unfuk mengurangkan
kandungan lembapan dan menghilangkan kekotoran, dikuti dengan
perumusan dengan bahan tambahan menggunakan homogenizer pada
5000 rpm selama tiga jom, dan penyejukan seterusnya selama seminggu.
Gres kemudiannya diuji untuk konsistensi, pendarahan minyak, pemisahan,
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fitik jatuh dan kadar kakisan. Walaupun semua pelincir mempamerkan nilai
NLGI antara 00 dan 4, pendarahan minyak (-15% hingga 15%), pemisahan
minyak di bawah 4%, titik jatuh melebihi 350 °C dan klasifikasi kakisan
dengan penampilan yang sedikit ternoda pada jalur tembaga,
pengecudlian telah dibuat untuk F .Ges kerana mempunyai struktur gris
yang tidak normal. Walaupun terdapat anomali ini, F.Gso muncul sebagai
gris  berprestasi  terbaik, memenuhi semua spesifikasi.  Kajian ini
menggariskan  keberkesanan WCO sebagai minyak asas  unfuk
pengeluaran gris.

Kata kunci: Jalur Tembaga, silika berasap, gris, penghomogen, minyak
masak sisa

© 2025 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

Vegetable oil (VO) is a term that includes fats from
various sources like seeds, nuts, grains, and fruits.
Extracting these materials is crucial for their
production process. Apart from human consumption,
VO and fats are also used in animal feed, medicine,
and technical applications [1]. Lipids connect during
a dilution process in organic solvents due to the
natural breakdown of plant samples or animal tissues.
Major vegetables primarily consist of triacylglycerols,
which make up about 92% to 98% of their
composition. Meanwhile, the remaining components
include monoacylglycerols, diacylglycerols, polar
lipids, and other minor elements [1].

When VO is no longer good for cooking, it
becomes waste cooking oil (WCO). This leftover oil is
what remains after cooking. The increase in WCO is
connected to more people using edible oails,
including both vegetable and animal oils [1].
Typically originating from food service sectors and
household applications for daily needs, these oils are
collected by various authorities to address
environmental pollution concerns [2, 3]. If WCO isn't
disposed of properly, it could pollute water sources
[4-6].

WCO isn't suitable for reuse because it lacks
important nutrients and contains harmful chemicals
that can potentially cause cancer-related issues [1].
According to Ganesan, Sukalingam [7]. the
repeated heating of VO may cause the generation
of polycyclic aromatic hydrocarbons (PAH), a
carcinogenic agent. This compound has a propensity
to bio-accumulate in soft tissues of living organisms
via synergetic action [8]. Plus, according to Ifegwu
and Anyakora [9], the ability of PAH to attach to
DNA has been associated with their carcinogenicity.
This binding process can have a number of disruptive
effects, including the potential to start fumor growth.
On the other hand, the chemical changes that VO
undergoes make it more appropriate for use in
secondary products rather than for cooking again.
The fatfty acids in VO, such as palmitoleic acid,
linolenic acid, and oleic acid, categorized as
unsaturated fatty acids (USFA) group, play vital roles
in providing essential nutrients for human health [10,

11]. Typically, palmitoleic acid helps in reducing the
body's inflammation, which may aid in preventing
from long-term disease including diabetes and heart
disease [12]. For the body's health, linolenic acid
helps provide important fatty acids like alpha-
linolenic acid (ALA), which is beneficial for body
health [13]. Reduced low-density lipoproteins (LDL)
cholesterol and increased high-density lipoproteins
(HDL) (good) cholesterol are two ways that oleic
acid can provide and help to improve
cardiovascular health. It also helps minimize the risk
of gefting some types of cancer by preventing the
formation of cancer cells [14, 15]. Unfortunately, the
amount of USFA will be reduced after repetitive
consumption of VO. This is due to the breakdown of
chemical structure bonding from thermal forces
during consumption [16]. USFA has a double bond of
chemical structure which cannot endure several
thermal forces during heating, changing into a single
bond structure known as saturated fatty acid (SFA)
[17,18].

Besides the mentioned factors, the effectiveness
of WCO as a lubricant relies on certain substances
that improve its stability under different conditions,
especially by providing abilities to reduce friction,
microbial properties, environmental friendliness,
resistance to water, and emulsification. These abilities
play a significant role in ensuring the overall
dependability of WCO in lubricant applications, as
highlighted by Herman, Md Isa [19]. Many of these
substances come from SFA, which is formed through
repeated consumption of VO. The formation of SFAs
during repeated use of VO is the reason WCO is not
recommended for human consumption.

Many researchers worry about the decreasing
supply of mineral oil, which is a crucial ingredient in
various products like grease. According to Japar et
al. [25], Mineral oil is often used as grease's base oll
due to its cost-effectiveness issue, compatibility with
various thickeners and additives, thermal stability
which helps in enhancing the grease endurance
over fime, lubricity effect, and versatility ability. The
versatility ability means the inferchangeability of its
viscosity af various conditions and applications
especially in grease composition during operation.
Therefore, in order to minimize the utilization of this



531 Muhammad Auni Hairunnaja et al. / Jurnal Teknologi (Sciences & Engineering) 87:3 (2025) 529-537

dwindling raw material, WCO can be utilized as an
alternative solution in the grease formulation process.
Previous studies by Abdulbari et al. [20], had shown
that WCO can be used instead of mineral oil in
formulating grease. A high thermal grease will be
formed and may be applied in various extremely
conditions when wco is mixed with non-soap
thickeners [20]. Plus, Hairunngja ef al. [1] also
mentioned that the high amount of kinematic
viscosity, viscosity index (VI), Flash Point Value (FPV),
Coefficient of Friction (COF) value, interchange of
saturated fatty acid before and after VO consumption
and potential of resistant from the corrosive issue are
the key factors that lead to its eligibility as grease’s
base oil.

Grease is a mix of solid to semisolid substances
made by combining base oil, thickener, and additives.
Typically, the proportions are around 80-95% for base
oil, 2-15% for thickener, and 0-10% for additives [21, 22].
In this study, WCO is used as the base oil, and fumed
slica soap is the thickening agent. The thickener
increases the viscosity of the liquid without changing
other properties. Different amounts of extra
components are also used to enhance positive
qualities or reduce negative ones in the grease
formulation.

However, this study investigates turning WCO into
useful products, specifically a type of grease that
doesn't use soap. The research is driven by soap's
ability to thicken, concemns about environmental
impact from waste oil, and chemical changes in
vegetable oil during the conversion process. The study
tests different combinations of WCO and fumed silica
(F.S.) without exira additives for cost-effectiveness.
Various analyses, such as consistency, oil bleeding, oil
separation, and corrosive testing, are conducted to
understand the interaction between base oil and
thickener [23, 24]. The focus is on creating
environmentally friendly soap-like grease, developing
a production method, and analyzing the results of
greases chemically. The main purpose of this study is to
clarify the performance of produced greases based
on established standards and find the best-formulated
grease among those tested. Plus, this study infroduces
the formulation of lubricating grease from WCO as a
sustainable and environment-friendly solution for the
disposal and reuse of WCO as a base oil in lubricating
grease.

2.0 MATERIALS AND METHODS
2.1 Materials

Grease was made by combining two main
ingredients, thickener, and base oil, in different
amounts. In this study, WCO was used as the base oil.
The WCO underwent a pre-treatment to remove
impurities. A non-soap-based thickener called F.S. was
used. The WCO was obtained from the cafeteria at
University Malaysia Pahang (UMP), and F.S. was

purchased from Sigma-Aldrich and R&M Chemicals
(Malaysia). A rotor-stator homogenizer was used to mix
all the grease components during the formulation
process.

2.2 Grease Formulation
2.2.1 Pre-Treatment of WCO

The WCO goes through a pre-treatment to remove
impurities and water. This process involves two steps:
filfration, using a 1.2um pore size filter paper to remove
small impurities, and heating the oil up to over 90°C
while stiring to minimize the moisture content. This
heating stage lasts about one hour, and the
temperature must be kept above 150°C. After this
freatment, the WCO becomes classified as treated
waste cooking oil (TWCO).

2.2.2 The Formulation Process of the Fumed Silica
Grease

Abdulbari et al. Abdulbari, Zuhan [20] outlined a
process for making F.S. grease, which is corresponded
in this study. In early beginning, the TWCO was heated
fo 120°C for an hour to minimize the moisture content.
Then, it was cooled down at a temperature of 80°C or
90°C. The F.S. was gradually added into TWCO using
specified amounts (Table 1). Meanwhile, a
homogenizer ran for three hours at a minimum speed
of 5000 rom. Afterward, the temperature was adjusted
fo 80°C until a gel-like paste formed. This ensures that
the heat extraction and additional homogenization for
30 minutes completely occurred. The grease was
stored in a closed container and left to cool for a
week at ambient temperature. Table 1 and Figure 1
show the F.S. grease formulation ratios and steps in the
grease formulation process.

Table 1 Grease formulation rafio for sodium grease

Sample TWCO (%) Thickener (%)
Fumed F.Go4 94 6
Silica F.Go1 91 9
Greases F.Gso 90 10

F.Ggs 89 11
F.Gs7 87 13
a) P e Additives Thickener Explanation Steps
\:E’i -+
5 D v— 11 nting the WCO

¢) Filtering the WCO to remove
undesired impurities.

"~ d) Weighting the mass of WCO,
thickener and additives.

“~“e) Homogenization process to
formulate the grease within
incorporation of thickener and

E) sy, additives into WCO.

S D) Anew formulated grease is
produced

g) Cooling the produced
formulated grease in a closed
container for a week.

Figure 1 Steps in grease formulation process
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However, F.Gos, F.Go1, F.Goo, F.Ggy, F.Ggz are the
fumed silica greases with 94%, 91%, 90%, 89% and 87%
of TWCO respectively. These abbreviations will be
used in the following discussion.

2.3 Grease Analysis

Several studies were done on the produced grease
tfo understand its natfural properties. The analysis
included tests for consistency, oil separation, oil
bleeding, dropping point, and corrosion. The
replication for each test was done for three times.

2.3.1 Consistency Test

The test used the SKF Grease Test Kit TGKT 1 set. Two
glass plates were placed between a specific amount
of grease, and then a 15-second force was applied
using a weight. After that, a calibrated measuring
scale with an NLGI grade was used to examine and
evaluate the consistency of the grease strain. The
test followed the ISO 2137 protocol, which gives
guidelines for assessing lubricating grease viscosity
when there's a limited sample quantity. However, the
NLGI result values show the consistency level for
each type of grease. Best grease falls on NLGI 2-3
[23]. Figure 2 shows the method to ufilize the SKF
grease test kit, including the NLGI scale for the
grease sample.

Weight 15 Seconds T‘S‘“‘
Gl Pl —{:-_:—\—'E

—— ——
NGl S 4J_

NIL.G I scale

Gircasce sample

Figure 2: Way of using the skf grease test kit and nligi scale of
grease sample

2.3.2 Oil Separation Test

The oil separation test was done to determine if
grease is likely to lose oil during storage. This test was
conducted at 25°C by storing the grease for 2
months in a closed contfainer. Then, the mass of

separated oil was collected and measured as
appeared on the grease surface. Next, an-equation
1 was applied to find the percent of oil separation
value. However, the acceptable of oil separation
limit is < 4% [23]. If it goes over 4%, the grease is not
acceptable [25]. Figure 3 depicts the systematic
diagram for oil separation process on grease.

Oi1l Puddle

Grease

Figure 3 Systematic diagram for oil separation process on
grease

%0il Separation = 100 x Massoil seperated. (1)

Massgreass Sample

2.3.3 Oil Bleeding Test

The oil bleeding test was done with SKF's grease
bleeding kit. The percentage of oil bleed was
measured by following SKF's test kit manual from
2009. This method used a small sample volume and
placed the sample on blotter paper. The paper was
then heated for 2 hours on a hot plate set at 60°C,
following SKF's manual for fresh grease. The amount
of oil bleeding on the paper was identified by
measuring the bleed area. The percentage
difference in bleed area between fresh and used
samples was calculated using equations (2) and (3).
"Used greases" refers to greases that underwent
controlled aging for 10 days at room temperature
and at an exireme temperature of 70°C, according
to Goncalves, Marques [26]. The most acceptable
result falls between -15% and 15% of oil bleeding
values [23]. Figure 4 and Figure 5 depict the different
types of oil bleeding analysis conditions and the
schematic diagram of grease’s oil bleeding process.

) Ol bleeding of greases at room b) Oil blecding of greases above hot ¢) Oil bleeding of greases in oven for
temperature aftr being eftfor en days  plate at 60°C for two hours exlreme temperature category at 70 °C
at room or ambient femperature for en days

Figure 4: Oil bleeding analysis at three different types of
conditions
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Bleeding Area

Heat for 2 Hours
at H0°C

Figure 5 Schematic diagram of oil bleeding process

S, = 0.785 x (D3y; — 100) (2)
%Diff = 100 x —{5“*;1 5*;“”":' (3]
ras|

In this sifuation, "Si" represents the combined
bleeding area from fresh and used samples. "DAV" is
the average diaometer of the bleeding area, and
"%Diff" indicates the difference in bleeding area
between fresh and used samples.

2.3.4  Dropping Point Test

The analysis of the dropping point was conducted by
following the guidelines in the American Standard
Testing Method (ASTM) D2265, a standard method for
determining the dropping point of lubricating grease
across various temperatures [27]. In this experiment, a
5g grease sample was placed in a ftest cup inside a
test tube. The tube with the sample was placed in an
aluminum oven heated to a specific temperature. A
thermometer in the tube measured the rising
temperature. When a specific temperature was
reached, a droplet fell from the cup fo the tube
base. The temperature was recorded as the
observed falling point and the oven temperature
measurement. Furthermore, the higher the dropping
point value the better the grease will be [23]. Figure 6
depicts the equipment used for this test and the drop
point value was then determined using equation 4
below.

Figure 6 HK-3498 high temperature dropping point
equipment (ASTM D2265)

[(BET—ODE}]
3

DP = ODP + [4)

In this context, "DP" stands for dropping point,
"ODP" is the thermometer reading when the first drop
reaches the test tube bottom, and "BT" is the block
oven temperature when the drop falls.

2.3.5 Corrosion Test

A corrosion test was done to analyze the ability of
formulated greases to react with the copper strips.
The test followed the ASTM D-4048 guidelines, which
outline a method for detecting copper corrosion
from lubricating grease using Copper Strips. In this
test, the copper strips were immersed in grease and
heated in an oven at a set temperature of 100°C for
24 hours. After the test, the strips were removed,
cleaned (using ethanol as solvent), and compared
to ASTM Copper Strip Corrosion Standards. The best
grease fell under the slightly farnished group
category [23]. However, figure 7 and Figure 8 below
show the immersion of copper strips info test tubes of
grease before being heated in an oven and the
observed categorization of corrosiveness levels for
the tested copper strips.

Figure 7 The immersion of copper strips into test tubes of
greases before being heated into hot water and oven

qm” ASTM COPPERA %LRLEETSQ)RDR]%?’SS STANDARDS qﬁn’

AVOD EXCLSUVE EXPOLURE 10 UCHT

wa| la I 1b

HLISE)

2a|2b|2c|2d|2e|3a|3b|4a|4b|4c|

SLIGHT TARNISN NOD(HATE 1ARKISK | onnc mawisy (0RL0110N |

Figure 8 Classification of Copper Strip Corrosion Standards
According fo ASTM D4048
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3.0 RESULTS AND DISCUSSION

This section talks about the study's discoveries. Table 2
below shows the results of tests on grease properties,
including consistency, oil bleeding, oil separation,
dropping point, and corrosion tests.

Table 2 Overall Results for The Formulated Greases After
Testing

Code NLGI Oil Qil Droppin Corrosio
Grease Consistenc Bleeding Separatio g Point | n Test
s y Values abt 70°C_| n Values Values Results
F.Goa 000 - - - - 1a - slight
tarnish
(light
orange)
F.Go 1-2 20. 13. 3.5 >350 b - slight
3 2 tarnish
(dark
orange)
F.Gso 2-3 8.6 1.3 0 >350 b — slight
tarnish
(dark
orange)
F.Gey 3 -8.9 -15 0 >350 b — slight
tarnish
(dark
orange)
F.Ger 4-5 18 |24 o0 >350 1b - slight
tarnish
(dark
orange)

3.1 Consistency Values of Fumed Silica Greases

The consistency of grease is mostly decided by ifs
NLGI value, which indicates the hardness of grease
either at NLGI 6 (hard) or NLGI 000 (soft). This
characteristic is closely connected to how easily the
grease flows and dispenses. When the consistency of
greases increase, like NLGI 6, they are usually used in
high-speed and low-load situations [28]. Greases with
higher NLGI numbers are suitable for bearings with
low speeds, high temperatures, and high water
resistance. Conversely, lower NLGlI numbers are for
slower rolling bearings at lower temperatures [28].

Figure 9 below displays the outcomes of the
consistency test in this study.

NLGI GRADES OF F.S. GREASES WITH FUMED SILICA
COMPOSITION (%) VS TWCO CONTENT (%)

pea
=3

45

—

= b~
bl

<o

12

1=

FUMED SILICA (%)
s

] % ] o o
TWCO CONTENT (%)

Figure 9 NLGI grade of F.S. Greases with Fumed Silica
Composition and TWCO Content

All the greases made with F.S. exhibit a consistent
frend. As the TWCO content varies, the NLGI value
changes inversely. Greases with more TWCO tend to
have a soffter structure than to those with lower
TWCO. For example, F.Gos, with an NLGI value of 000,
has a structure similar to ketchup. In contrast, F.Ggr
has NLGI values of 4-5. Additionally, F.Gs1, F.Gso, and
F.Ggs have NLGI values of 1-2, 23, and 3,
respectively. These findings align with the assertion
made by Kaperick [29] that grease consistency
depends on the amount of thickener presents in the
grease composition.

However, more thickener in grease leads fo a
higher consistency value. This happens because the
thickener traps more base oil, forming a thick layer
that affects grease hardness. Greases with high NLGI
values, like F.Gs7 in Table 2, are considered hardest
due to the high amount of thickener with high NLGI
value.

The thickness of grease seems to be linked to the
proportion of base oil and thickener. When there's
more base oil than thickener, the thickener struggles
to completely trap the base oil because of the
limited pore structure in it. The pore structure of the
thickener acts as a reservoir of grease's base oil. This
can be seen from the evidence in Table 2, where
F.Go4 remains in a liquid form with only a small
amount of semi-solid grease state. However, this issue
is likely due to the incomplete enfrapment process
which leads to the weak attraction between the
base oil and thickener, causing the base oil to be
loosely held and easily separated from the thickener
matrix system. As a result, the grease gets swept
away easily. The lower the grease consistency, the
more likely it is to release base oil when the force is
applied. Grease has viscoelastic properties, which
display both elastic and viscous behaviour under
shear sfress. Interestingly, it can maintain these
properties even under various forces during use.
Therefore, the consistency test aims to assess the
grease's ability to retain its structure without excessive
oil loss and ensure it performs well when subjected to
force.

3.2 Oil Bleeding and Oil Separation Values of Fumed
Silica Greases

The oil bleeding is important in grease to make sure it
lubricates effectively. Grease needs to bleed
because the thickener in it isn't a lubricant. The right
amount of oil bleeding is necessary to provide good
lubrication, reduce friction, and prevent wear
between surfaces in different temperatures. The oil
bleeding values at ambient or extreme (70°C)
temperatures, are determined by the rate at which
the grease releases oil. The results of the study, shown
in Table 2, explore the connection between TWCO
content and oil bleeding values for FGo1, FGeo, FGss,
and FGs7 at the both ambient and extreme
temperature (70°C). The oil bleeding values for these
greases at ambient and exireme temperature (70°C)
are FGer (20.273% & 13.2762%), FGoo (8.5558% &
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1.2509%), FGsy (-8.8514% and -15 %), and FGs7 (-
18.633% & -24.046%). At the same time, the oail
separation values of FGo1, FGso, FGgy, and FGs; are
3.5087, 0, 0, and 0 respectively, indicating that all the
greases are acceptable because their oil separation
value is below 4% [25]. Unfortunately, FGes wasn't part
of this study because it has a lower NLGI value and
tends fo get swepft easily.

According to Table 2, the amount of oil bleeding
increases significantly as the TWCO content goes
from low to high. This is due to insufficient amount of
fibrous thickener to retain the base oil, leading to the
oil bleeding process. Ii's observed that the
percentage of oil bleeding in greases is higher at
ambient temperature compared to 70°C. This is
attributed to prolonged exposure to high
temperatures, causing oxidation in the grease.
Oxidation-induced changes in oil bleeding values
result in microstructural changes in the grease matrix,
causing it to dry out. When base oil bleeds out, the
soap's volume fraction increases, making the soap
structure denser and reducing grease permeability.
At 70°C, the lower oil bleeding value is due to
thermal stress forcing rapid oil bleeding, leading to
the evaporation of base oil. This affects the
thickener's fibrous matrix layer, making it denser and
thicker, resulting in stiffer grease with limited oil flow.
The lower oil bleeding rate at 70°C is due to this rapid
process. Additionally, heat alters the thickness of the
thickener's fibrous layer, confirming the theoretfical
expectations.

The study found that at 70°C and room
temperature, the oil bleeding rate indicates a direct
relafionship with the amount of base oil but an
inverse relationship with the thickener amount.
Grease at 70°C showed less oil bleeding than at
room temperature due to changes in the thickener's
microstructure caused by high temperature and
grease oxidation. Despite a reduction, the oil
bleeding percentages at 70°C, as shown in Table 2,
are still within -15% until +15%. Fortunately, most
tested greases had an acceptable oil bleeding
range, except for F.Gs7, suggesting that the choice of
thickener type and amount significantly affects
grease oil bleeding. The thermal stress sftrongly
impacts the grease's microstructure, influencing its oil-
bleeding ability.

Unfortunately, excessive oil bleeding can cause
grease to lose lubricating properties as it dries out.
According to Japar et al. [30], the ideal oil bleeding
rate for grease is between -15% and 15%. A positive
value indicates more bleeding in used grease than
fresh grease, while a negative value suggests less
bleeding. The relationship between oil bleeding rate
and grease structure helps identify the oil bleeding
ability in fresh and used grease. If used grease bleeds
more than fresh grease (positive value), it becomes
softer and tends to loss its original form [30]. On the
other hand, if used grease bleeds less than fresh
grease (negatfive value), it may dry out meaning
cannot provide better lubrication. However,
determining the suitable grease composition with an

appropriate oil bleeding rate is crucial for specific
machine applications, as it involves balancing the
base oil and thickener needed.

3.3 Dropping Point Values of Fumed Silica Greases

The dropping point in grease formulation refers to the
temperature when the grease changes from a semi-
solid to a liquid state. It helps assess the bond
between the base oil and thickener, considering via
their van der wall aftraction during the formulation
process [31]. Table 2 shows the dropping point values
for all formulated F.S. greases, which are consistently
above 350 °C, indicating the greases can handle
high-temperature operations effectively.

A high dropping point temperature range is
considered desirable for all types of formulated
grease. Unfortunately, not all greases have good
temperature resistance because the dropping point
value depends on the type of thickener used. F.S.
greases, in particular, have a dropping point value
above 350°C, indicating their suitability for high-
temperature machines. The high melting point of F.S.
is due to its high glass temperature properties,
making it more resistant to melting than other optical
glasses. Studies by Japar et al. [30] and Abdulbari et
al. [20] also support the idea that FS. grease
maintains a dropping point value above 350°C.
However, it's important to note that F.S. greases may
decompose and cannot be reused after testing. The
study aims to confirm that FS. grease can
consistently withstand dropping point values over
350°C and resist burning off easily during use.

As mentioned earlier, this analysis helps in
checking the ability of the base oil and thickener in
grease to mix together by comparing greases with
similar types but different base oil amounts [30]. To
make sure the thickener structure forms completely
and works in a broad temperature range, dropping
point fests are done for quality assurance. Choosing
the right base oil and thickener is crucial for grease
performance. If the base oil has a low VI, it can lead
tfo increased oxidafion and less base oil, causing
minimum oil bleeding occurrence. The type of
thickener used also affects the dropping point value
of the grease. Some non-soap thickeners, such as F.S.
and bentonite, can handle a wide temperature
range, while others like sodium stearate and lithium
12-hydroxystearate cannot [21, 31].

In short, the kind of thickener used in grease
affects its dropping point. The TWCO content, related
to thickener in grease, influences the dropping point
value. The VI of the base oil also plays a vital role in
enhancing grease thermal stability during oxidation
as well as helping it in maintaining the functionality
[32]. TWCO has a high VI value, preventing easy
oxidation of the base oil and preserving grease
lubricity [32]. The dropping point value depends not
only on the thickener type but also on the base oil
[32]. More thickener usually means a higher dropping
point, but excessive thickener (too litfle TWCQO) can
leads to inadequate lubrication. Therefore, a
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moderate amount of thickener and good base oil
characteristics are crucial for achieving a balanced
grease performance.

3.4 Corrosiveness of Copper Strips against Fumed
Silica Greases

The corrosion test can be assessed according to the
copper strip appearance when immersed into the
formulated greases. Table 3 shows the results of
corrosion tests on FS. greases, and Figure 8
categorizes the corrosiveness level seen on the
tested copper strips.

Table 3 Outcomes of Corrosion Studies Conducted on F.S.
greases

Type of Grease Appearance of Copper

Strips

Fresh State of Copper Strip

=
-

1a
F.Go
1b
F.Gso
(1b)
F.Ge7

(1b)

The grease in Table 3 did not corrode the copper
strips significantly. The strips showed a slight tarnish,
with rafings of 1a (light orange) and 1b (dark
orange). Despite this, the corrosiveness levels of all
the greases are considered acceptable due to meet
the class 1 criteria set by ASTM, as recommended by
industry standards [30].

TWCO doesn't cause corrosion in metals with
copper. Moisture levels in the previous study don't
significantly affect the corrosion of copper strips.
Because TWCO is considered non-corrosive, if's
recommended for use as base oil in grease to
minimize the chance of corrosion on copper-
containing metals. In Table 2 and 3, results for all the
formulated greases show a non-corrosive effect on
copper strips, with only slight tarnishing (class Ta -
light orange and 1b - dark orange). Although the
greases are accepted as somewhat corrosive (class
1) based on ASTM rating, it's considered acceptable
according to A. Japar et al. [30].

4.0 CONCLUSION

The eligibility of TWCO can be seen clearly to form
info grease product by turning from liquid state into
semi-solid state due to the complete emulsification
by the appropriate thickener. Next, the effect of F.S.
application leads to the thermal stability of grease
against the dropping point value. Plus, the treatment
process is also necessary to minimize the moisture

content value (heating) and undesired impurities
(filtration) in the TWCO, which affects the positive
impact on the level of grease corrosion. Water has
metal elements that may lead to the corrosion of the
copper strips. So, heating can minimize the amount
of metal content in the WCO. Even though all F.S.
greases provide a pleasant performance of data
analysis except for F.Ges, F.Go1, and F.Gs7, the best-
selected grease falls on F.Gso due to meet the best
criteriac of grease performances in terms of
consistency, oil bleeding, oil separation, dropping
point and corrosiveness level. However, according to
the data obtained for all the formulated greases,
F.Gso is more suited for bearing application due to
having 2-3 NLGI values and considerable oil bleeding
values which is important for lubricity purpose.
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