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ABSTRACT

The article presents some results of investigating the effective adsorption ratio
of base oil SN 100 on silica gel, determination of physico-chemical, electrical
properties, and voltage stability of the oil fraction which is separated from
base oil SN 100 by adsorption method on silica gel with the appropriate ratio
of silica gel/base oil SN 100 = 140/100. Kinematic viscosity, flash point (closed
cup), total acid number, and pour point were determined according to ASTM
D445, ASTM D93-20, ASTM D974-22, and GOST 20287-91. The breakdown
voltage was determined according to IEC 61086-2:2004. Voltage stability was
evaluated by accelerated moisture resistance test. The determination results
show that the physico-chemical and electrical properties of the oil portion
which seperated from adsorption on silica gel reach the required values
(according to the standard MIL-1-46058C), it allows use to make turbine oil
and preservation oil for electrical and electronic equipment subject to high
breakdown voltage.

1. Introduction

the base oils for the production of these fluids must
also meet the above requirements.

In Vietnam'’s climatic conditions such as salt vapor, high
air humidity, high temperature, etc, causes serious
corrosion, reduces performance and reduces the life of
electronic circuits and equipment [1, 2]. Therefore,
using coatings to prevent contact of the above devices
with the climatic environment is the most effective
solution today.

Dielectric liquids play an important role in the
production and preservation of electrical and electronic
equipment in the aerospace industry. The technical
parameters of this liquid are more demanding such as
oxidation stability, high dielectric strength, good
thermal conductivity and heat resistance [3]. Therefore,

Base oil SN 100 is widely intended for use in lubricants
production. Those applications are mould oll,
transmission fluids, gear oils, metals working fluids,
hydraulic oils, transformer oils, etc. The main
components of the above oils include paraffinic,
naphthenic and aromatic compounds [4]. Silica gel
adsorbents are widely used for not only their high
physical but also chemical adsorption properties,
making them a conspicuous choice to convert base oil
into different products [5 6]. The polarity of
hydrocarbons increases in the order of paraffinic
hydrocarbons, naphthalenic hydrocarbons, and finally
aromatic hydrocarbons. As polarity increases, the
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adsorption capacity of the hydrocarbons also rises, due
to the influence of Van der Waals forces. Thus, the
adsorption capacity of hydrocarbons follows the same
order: paraffinic hydrocarbons, naphthalenic
hydrocarbons, and aromatic hydrocarbons [7]. The
adsorption of hydrocarbon increased with the polarity,
because of Van der Waals forces. In addition, silica gel
is less costly than other adsorption materials [8]. In this
study, silica gel was used to adsorb the base oil, which
contains mostly naphthenic compounds and a small
amount of aromatic compounds, with outstanding
physicochemical  properties such as  oxidation
resistance and low-temperature pour point [4, 9 - 11].
Additionally, naphthenic oil contains much less wax
than a comparable paraffinic oil, so which gives them
much better low-temperature pour point compared to
paraffinic oil, this portion can be used as a raw material
to produce transformer oil, turbine oil, and
preservative oil for electronic circuits and electrical
equipment.

2. Materials and methods

2.1. Materials

The specifications of base oil SN 100 (Narmak trade
S.R.O, Szech Republic) are given in Table 1.

Table 1. Physico-chemical properties of base oil SN 100

The contents of base oil SN 100, silica gel and acetone
used in this study are presented in Table 2.

Table 2. Composition of survey materials

Base oil SN 100,  Silica gel, Acetone, g
g g time 2™ time
100 80 60 60
100 100 60 60
100 120 60 60
100 140 60 60
100 160 60 60

Property Typical Test method
value

Density at 20 °C, g/cm’ 0.862  PN-ENISO 3675

Kinematic viscosity, ¢St PN-ISO 3140

- at 40 °C 20.1

- at 100 °C 4.03

Viscosity index 96 PN-79/C-04013

;?Sh point (closed cup) 501 preN 150 2719

Base number 001 PN-85/C-04066

mgKOH/g '

Pour point, °C -15 PN-ISO 3016

Silica gel (Xilong Scientific, China, pore size: 3 - 10 nm;
surface area: 200 - 800 m?/g); acetone (Xilong
Scientific, China);

Separatory funnel 500 mL (Duran, Germany); glass beaker
500 mL (Duran, Germany); graduated glass measuring
cylinder 250 mL; appropriate distillation systems.

2.2. Adsorption and desorption of base oil SN 100 on
silica gel

In this study, the appropriate silica gel content for
effective adsorption of portion NP was investigated.

Silica gel is dried at a temperature of 150 - 180 °C for 4
- 5 hours, then set at room temperature. Weighting
silica gel, putting it into a separating funnel, then base
oil SN 100 was added on the top of silica gel. Shaking
the separatory funnel for 30 minutes. Leaving it at
room temperature for 24 hours, then separating the
part of oil which is not adsorbed on silica gel, this
portion is denoted as PP. The adsorbed portion on
silica gel was eluted twice with acetone. Atmospheric
distilling the mixture after desorption at temperature of
56 - 57 °C to remove acetone. Continuing vacuum
distillation at 80 °C to remove water. Vacuum
distillation was stopped at the point when no water
droplets were observed appearing in the distillate-
receiving flask, the resulting part is denoted as NP.

2.3. Analysis methods

Kinematic viscosity determined according to ASTM
D445-23 [12] by instrument DP Petrotest.

Flash point determined according to ASTM D93-20
[13].

Total acid number determined

ASTM D974-22 [14].

according to

Viscosity index determined according to ASTM D2270
[15] (Standard practice for calculating viscosity index
from kinematic viscosity at 40 °C and 100 °C)

Pour point determined according to GOST 20287-91
[16] by instrument UTZ-60M.

The samples used for moisture resistance test
according to MIL-1-46058C [17] and method 106G of
MIL-STD-202G [18]. The panel test shall be as in Figure
la. It comprises a "Y" electrode for measurement of
breakdown voltage. The breakdown voltage of the
coating in the moisture resistance test is determined
according to IEC 61086-2:2004 [19]. Images of the
breakdown voltage determination device and
measurement samples are illustrated in Figure 1b.
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Figure 1: (a). "Y” pattern for moisture resistance test
and (b). Device for determining breakdown voltage
and samples

3. Results and discussion
3.1. Effect of silica gel on adsorption efficiency

Base oils obtain three main components: paraffinic,
naphthenic and aromatic compounds.  Studies,
although, have shown that aromatic substances have a
stronger adsorption ability than naphthenes on silica
gel [4, 9]. The amount of aromatic substances in base
oils, however, is usually small (<3.5 wt.%). Therefore,
the adsorbed portion on silica gel contains mostly
naphthenic compounds and a small part of aromatic

compounds (portion NP), while the unadsorbed
portion on silica gel contains mostly paraffinic
compounds and a small part of naphthenic

compounds (portion PP).
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Figure 2. Correlation between mass of silica gel and
mass of portion NP

Figure 2 summarizes the results of separating portions
from base oil SN 100 using silica gel. The results in
Figure 2 show that, when increasing the amount of
silica gel, the content of portion NP adsorbed on silica
gel also increases. When using 140 g of adsorbent silica
gel, 34 g of fraction NP is obtained, thus the mass of
portion NP increases by 17.24 % compared to when
using 120 g of silica gel. When increasing the amount
of silica gel to 160 g, the mass of the portion NP
increases slightly (up 5.88 % compared to when using
120 g of silica gel). If increasing of silica gel continued,
the adsorption efficiency of portion NP on silica gel will
increase little or not at all. This means that the
adsorbed portion NP is nearly saturated on the silica
gel surface or no more naphthenic compounds
remaining. In this study, therefore, the appropriate
mass ratio of silica gel and base oil SN 100 to use is the
ratio silica gel/base oil = 140/100. The portion NP
separated from this survey ratio was used for electrical
properties studies.

3.2. Evaluation of physicochemical
fractions separated from base oil SN 100

properties of

The characteristic properties of the base oil SN 100 and
the fractions which separated from this base oil
(portions NP and PP) were determined. Those are the
kinematic viscosity (at 40 °C and 100 °C), viscosity
index, flash point (closed up), total acid number, and
pour point. The determination results are summarized
in Table 3.

Table 3. Physico-chemical properties of fractions

Tvoical i Values

ypical properties NP op SN 100
Kinematic viscosity, ¢St
- at 40 °C 6.904 9862 9.607
- at 100 °C 2242 2665 2598
Viscosity index 146 115 101
E?Sh point (Closed cup), 192 198 192
Total acid number

' . 1 1

mg KOH/g 015 010 0.13
Pour point, °C -36 -33 -33

The results in Table 3 show that, the viscosity index of
portions NP and PP is significantly improved. The
viscosity index of the portion NP reaches 146, for
portion PP it is 115, while this property of base oil SN
100 is 101. This shows that the portions separated from
the base oil (portion NP and PP) have less viscosity
changes with temperature compared to the base oil
SN 100, and ability of these portions to maintain
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viscosity in wider temperature range than base oil SN
100 with low viscosity index (reaching value is 101).

The pour point is another important criterion of
lubricating oil. The results in Table 3 show that the
portion NP has a lower pour point (-36 °C) than the
base oil SN 100 and the portion PP (-33 °C). The
portion NP shows the advantage of being able to be
used at low temperatures (no lower than -36 °C) but
still retains its liquid state and maintains optimal
distribution properties to the lubrication points.

3.3. Investigation of electrical characteristics

Insulating oil is widely used in high voltage electrical
equipment, such as transformers, power transformers,
filled capacitors, etc. Therefore, this oil needs to be a
good electrical insulator, good thermal conductivity
and chemical stability at high temperatures.

The breakdown voltage of oil refers to the maximum
voltage this oil can withstand under test conditions.
This is an extremely important characteristic for
protective coatings for electronic circuits.

The moisture resistance test for 10 cycles, each cycle
includes 24 hours, was conducted in this study. Time to
determine breakdown voltage after 1, 3, 7 and 10
cycles. The results of determining the breakdown
voltage are summarized in Table 4.

Table 4. Breakdown voltage value of coating NP in
moisture resistance test.

Type of  Time of moisture Breakdown
sample resistance test voltage, kV
T.0 Initial sample 2.81
T After 24 hours (1 cycle) 2.80
T3 After 72 hours (3 cycles) 2.22
T7 After 168 hours (7 cycles) 194
T.10 After 240 hours (10 cycles) 193

The results of the moisture resistance test in Table 4
showed that, the breakdown voltage of coating NP
decreased over time compared to the initial sample. At
the 10th cycle, the breakdown voltage value reaches
1.93 kV. According to the MIL-1-46058C standard, a
protective coating that can accept voltage above 1.5 kV
without breakdown is considered to meet the
requirements. Results obtained in the study should be
subjected to appropriate statistical methods and
presented clearly.

4. Conclusion

This study has determined the appropriate ratio of
silica gel used to effectively adsorb the portion

containing mostly naphthenic molecule and partly
aromatic molecule (portion NP), that ratio is silica
gel/base oil SN 100 = 140/100.

The portion adsorbed on silica gel and separated has
outstanding characteristics such as viscosity index of
146, flash point (closed cup) of 192 °C, pour point of -
36 °C. With these superior properties, it allows this
portion to be used as a initial materials or mixed with
higher quality oil as a raw material to make turbine oll,
bringing higher efficiency and economic benefits
compared to base oil SN 100.

Based on the results of moisture resistance test, it was
established that the adsorbed portion on silica gel
which separated from base oil SN 100 is highly
breakdown voltage. This portion meets the
requirements for use in high voltage electrical
equipment, as protection for electronic circuits and
electronic equipment. The data obtained from these
studies can be used to develop recommendations for
the protection of electronic parts of aircraft, military
and other equipment in the future.
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