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ABSTRACT

This study examined the effect of sonication on FTIR and stability at various temperatures in water-based
lubricants with a mixture of Carboxymethyl Cellulose (1wt%) and Uncaria Gambir extract (1wt% and 2wt%).
The sample was prepared by mixing the two materials into distilled water using a magnetic stirrer and
sonicator with time variations of 5 and 10 minutes. Before mixing, the Uncaria Gambir extract solution with
water is first centrifuged to remove the dregs in the Uncaria Gambir extract powder. Stability was carried out
in an open room (28°C), drying oven (50°C), and refrigerator (5°C). The stability test results showed that the
mixture of Carboxymethyl Cellulose and Uncaria Gambir had good stability at all temperatures after
sonication for a short duration. The longer sonication duration could fuse the fibrils of Carboxymethyl
Cellulose, leading to increasing particle size. FTIR results also show that there is no chemical reaction that
occurs. After adding the gambier, there was a new peak at wave 800-1300 cm%, corresponding to the gambier.
The results of this study indicate that the Carboxymethyl Cellulose and Uncaria Gambir solution can be a
potential lubricant additive. The Carboxymethyl Cellulose can be a viscosity modifier, while Uncaria Gambir
extract for corrosion inhibitor.
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1. INTRODUCTION

The need for renewable energy is increasing every year [1]. Lubricant is a substance derived from crude
oil, which is a conventional resource. For that, we need alternative resources for the sustainability of the earth.
Research related to bio-lubricant has been widely studied lately [2]-[5]. Bio lubricants have properties that can
match conventional lubricants. Generally, bio-lubricants are prepared using vegetable oil as the base fluid.
Furthermore, additives such as nanoparticles and other chemical substances are needed to match their
properties with conventional lubricants. The addition of nanoparticles can increase the friction coefficient
because these nanoparticles can cover the tiniest cracks in the lubricated material [6]. Vegetable oil based bio-
lubricants with nanoparticle additives can reduce the friction coefficient by 15% compared to the base fluid
[7]. Furthermore, nanoparticles can increase the lubricating base fluid's heat resistance and thermal
conductivity. Adding an advanced nanoparticle, MXene, increased the thermal conductivity up to 1.2 times the
thermal conductivity of the base fluid [8].

97


mailto:dieter@ft.unp.ac.id
https://doi.org/10.24036/teknomekanik.v5i2.16972
https://doi.org/10.24036/teknomekanik.v5i2.16972
https://unp.ac.id/
https://creativecommons.org/licenses/by/4.0/

Teknomekanik, Vol. 5, No. 2, pp. 97-102, December 2022
e-ISSN: 2621-8720 p-ISSN: 2621-9980

However, most of the nanoparticles come from metals and can cause corrosion to the lubricated object.
In addition, there is a difference in the density of the nanoparticles with the base fluid. This will make the
nanoparticles unstable, and sedimentation will occur [9]. On the other hand, besides its advantages, it requires
a lot of processing in order to obtain the desired properties of vegetable oil-based lubricants. Not only that, the
use of vegetable oil as a lubricant will potentially increase the use of free land due to increased production and
increased cooking oil prices [10] . Therefore, some researchers decided to use water instead of vegetable oil.
Water has excellent biodegradation properties, does not pollute the environment, and is widely available.
Water-based lubricants have been studied before and can be applied as a cutting fluid and hydraulic fluid and
are quite efficient compared to lubricating oil. To achieve the properties of a lubricant, it requires additives that
can increase the viscosity, which is Carboxymethyl Cellulose (CMC).

On the other hand, water can cause corrosion and can be overcome by adding Uncaria Gambir extract.
This was already done in our previous work [11]. Adding 2wt% Uncaria Gambir extract to water can
significantly reduce corrosion compared to water lubricants without Uncaria gambir extract. Gambir contains
tannins which can prevent the corrosion of metal. Originally used as a medicine, this plant can be processed
easily by extracting gambier leaves [12], [13]. In the previous studies, water lubricants with CMC and UG have
been investigated for their tribological, corrosion, and stability properties. Stability testing is only carried out
at room temperature. In preparation, the samples were sonicated for 30 minutes with 600W power. In this
study, FTIR testing was carried out to determine whether a chemical reaction occurred. A stability test in high
and low temperatures is conducted. Each sample was sonicated with various durations of 5 minutes and 10
minutes.

2. MATERIAL AND METHODS
2.1 Materials

CMC (99% purity), filtered using an 80 mesh sieve was purchased from Changsu Wealthy Science and
Technology, China. UG was supplied by PT. Andalas Sitawa Fitolan, Indonesia. Analytical grade distilled
water was purchased from PT. Brataco, Indonesia. Figure 1 shows the CMC and UG used in this work.

(b)
Figure 1: (a) CMC and (b) UG powder

2.2 Sample Preparation

The composition of the samples is shown in Table 1. The CMC powder was stirred into distilled water
using a magnetic stirrer (Daihan Scientific MSH-200) at 300 rpm and 50°C for 30 minutes. After it was soluble,
UG was dissolved with distilled water and left for 2 hours before centrifuge. When centrifuging, the residue
was removed carefully, and CMC powder was added to the supernate and stirred for another 30 minutes.
Sonicator (SJIA-1200W, Ningbo Yinzhou Sjia Lab Equipment, China) with 600W power was employed. The
detail, including the UG morphology used in this work, is available in our previous work [14], [15].

Table 1: The composition of water-based lubricant

Sonication Time

Samples . Fraction
(minutes)

CUGO0-A 5 99wt% Water + 1wt% CMC
CUG1-A 5 98wt% Water + 1wt% CMC + 1wt% UG
CUG2-A 5 97wt% Water + 1wt% CMC + 2wt% UG
CUGO0-B 10 99wt% Water + 1wt% CMC
CUG1-B 10 98wt% Water + 1wt% CMC + 1wt% UG
CUG2-B 10 97wit% Water + 1wt% CMC + 2wt% UG

98



Teknomekanik, Vol. 5, No. 2, pp. 97-102, December 2022
e-ISSN: 2621-8720 p-ISSN: 2621-9980

2.2 Dispersion stability via photo capturing

The stability of the samples was investigated by capturing the samples (Canon, SX540 HS), known as the
photographic capturing approach [16]. Each sample is stored in a 250 ml bottle and investigated in intervals of
0 and 24 hours. The stability is examined in three conditions: room, high and low temperatures. For the high
temperature, the stability investigation is conducted in the drying oven at 50°C (Memmert, UN-55), while the
low temperature is in the showcase refrigerator at 5°C. In the stationary condition, the settling speed of a CMC
particle in a liquid follows the Stokes law [17].

2
V=" =p) g (1)

Where V is the CMC particle's sedimentation speed; R is the CMC particle's spherical radius; p is the water
viscosity; pp and p. are the CMC's particle and the water density, respectively, and g is the acceleration of
gravity.

2.3 Chemical stability via FTIR

The FTIR was investigated using a Spectrum Two-UATR (Perkin Elmer, United States) integrated with
a detector of MIR TGS. The scanning range of the measurements is in the range of 5004000 cm ' with a
scanning speed of 0.2 cm/s.

3.  RESULTS AND DISCUSSION
3.1. Dispersion stability via photo capturing

Dispersion stability is one of the important parameters indicating the stability of a suspension. A
suspension is stable when no precipitate or agglomeration occurs. This can happen if the substances in the
solution have different densities, viscosity particle sizes, or other physical properties [8]. Literature discloses
that a parameter of stable suspension via photo capturing is the sedimentation level. The suspension is unstable
if more than 30% of sedimentation or agglomeration is found in the bottom, middle, or top of the vessel [18].
A suspension with unstable stability can be observed in our prior research [3], [8]. This sedimentation or
agglomeration could affect the properties of the suspension and allows blockages to occur. Figure 2 shows the
lubricant’s stability investigation via photo capturing in various temperatures after 24 hours stored at room
temperature (2a), 50°C (2b), and 5°C (2c). It can be seen that all sample is well-dispersed without any
sedimentation or agglomeration found.
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Figure 2: Stability of the samples after 24 hours in (a) Room (b) High, and (c) Low temperature
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CMC is hydrophilic in nature with high solubility in water [19]. The addition of UG causes a color change
in the solution. After adding UG, the sample remained stable at all temperatures. This is because Gambir is
hydrophilic and can dissolve in water [19]. In this previous study, samples were sonicated for 30 minutes, and
samples with 2wt% gambier underwent sedimentation [11]. This is probably due to the long ultrasonic duration.
It is stated that sonication could increase the crystallinity of cellulose membranes. The increase occurred in the
amorphous region and turned into crystalline. However, if conducted for a long duration, the bundled cellulose
fibrils could fuse with one another, and the particle size becomes higher [20]. The larger particle size will lead
to faster sedimentation speed which, at worse, agglomeration [17]. In that case, finding a suitable duration for
sonication is vital to reduce the particle size of CMC and UG [21].

Reducing the duration of sonication has been shown to prevent agglomeration that occurred in previous
studies. In Figures 2 (a, b, and c), it can be seen that all of the samples have good stability. This indicates that
5 to 10 minutes of sonication delivers better stability than 30 minutes. The particle size of CMC and UG might
be lowered efficiently due to sonication, thus, lowering the sedimentation speed. On the other hand, the
sedimentation speed should be faster at low temperatures (Figure 2(c)), but sedimentation is still not visible.
This may be due to CMC being dissolved in water, so there is no van der Waals force or attractive force between
CMC particles.

3.2. Dispersion stability via FTIR

The dispersion stability of the samples can be analyzed with FTIR by investigating its functional groups
of the compound. If one of the groups of UG and CMC are present in the FTIR graph of CUG1 or CUG2, than
the suspension is stable. In this test, the 10 minutes sonicated samples is employed. 10 minute sonicated
samples is expected to have better results according to the literature [22]. The FTIR spectra of all lubricants
are shown in Figure 3. For comparison, an additional sample of UGO was carried out in this test. This sample
is Gambir solution without CMC. It can be seen that all samples show a similar form of the spectrum. O-H
stretching vibration in the range of 3100-3500 cm™' corresponds to a characteristic of the CMC. A band of —
C=0 groups at the peak in the range of 800-1300 cm™' confirms the absence of -C=C- aromatic and C-H, Ar-
H corresponds to UG [23]. As expected, for all samples, no significant change is acquired in the peak of 3200
cm™. This means that the hydrophilicity of CMC and UG is proven. There is no chemical reaction that occurs
since there is no new or shifting peak. In the CUG2-B sample, there was a slight change in intensity in the 1200
cm™! wave area, which corresponds to the Gambier group. This result indicates that the sample with the Gambir
mixture (CUG1 and CUG2) is well dispersed and chemically stable, which is consistent with Figure 2.
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Figure 3: FTIR of the samples sonicated in 10 minutes
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4. CONCLUSION

This study investigated the effect of sonication on FTIR and stability at various temperatures in water-
based lubricants with a mixture of CMC and UG. Stability testing was carried out at room-high and low
temperatures. The stability test results showed that the mixed CMC and UG lubricants had good stability after
being sonicated for a short duration. FTIR results also show that there is no chemical reaction that occurs.
Photo capturing is the qualitative method in investigating stability performance. In the following work, it is
necessary to investigate suspension stability with UV-Vis, Zeta Potential, or DLS method. It is also necessary
to investigate the suspension's particle size to ensure the sonication's effect. It is also possible to add the CMC
and UG to a different base fluid. Additionally, this compound might be suitable as a grease additive since CMC
has a relatively high viscosity. The results of this study indicate that the combination of CMC and UG can be
a very potential lubricant additive. It can also be used as an economic coolant in machining applications.
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