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Abstract

It is assumed that carbon nanotubes can be used as an additive, which will improve
the operational properties and functional characteristics of lubricants. The doping
of petroleum, oil and lubricants — semi — synthetic engine oil — with the carbon
nanotubes, taken in various wt.% of additives, was carried out: 0.01; 0.1; 0.5 wt.%.
The following physical and chemical characteristics were investigated: 1) viscosity
of composite mix at a temperature of T = 25 °C (an initial state); 2) viscosity
of composite mix after its aging at T = 160 °C on the mode of oxidation of the
investigated samples of composite mix during 24 h; 3) the oxidation stability has
been determined by the «acidity» and «acid number» parameters, these parameters
have been carried out for the investigated samples of composite mix in an initial
state and after aging. We assumed that doping of oil with carbon nanotubes will
change some of oil’s properties such as an indicator of viscosity, and chemical
stability. The way of development functional and operational characteristics of
lubricants by doping with carbon nanotubes was suggested. Results of researches
showed that doping of carbon nanotubes causes change of such physical and
chemical characteristics of lubricant as viscosity, acidity and acid number, alkaline
parameter. Doping of lubricant with carbon nanotubes stops oxidation process
and also leads to decrease of acidity and acid number in an initial state and for a
state after aging. Besides, the carbon nanotube’s presence has increased alkaline
parameter after aging of composite mix that provides ability of oil to neutralize
collateral sulphurous products and after aging during its exploitation. Thus, the
researches proved positive influence of carbon nanotubes on the main functional
characteristics of lubricants that allow us to recommend CNTs as new additives of
liquid lubricant composite mixes.

1. Introduction

particles that are spread throughout POL in such a
manner as to minimize risk of hazardous bottom im-

Petroleum, oil and lubricants (POL) are substanc-
es that are capable of decreasing frictional force and
deterioration of friction surfaces, as well as increas-
ing machinery loading capacities [1-2]. The primary
use of lubricants is to reduce deterioration of friction
surfaces and prolong service life of machinery com-
ponents. These materials are also applied in sealing of
clearance in cylinder — piston groups and abstracting
heat from friction surfaces. In addition hereto, they
protect metal surfaces from corrosion [3—4]. Various
blends of liquid oils with different agents and addi-
tives are used as lubricants. Presence of dispersing
additives in lubricants helps to hold a vast volume
of insoluble impurities in finely dispersed uniform
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purities. As a result, such a lubricant having quite
high level of viscosity contains minimal amount of
insoluble impurities that might be hazardous.

Among qualitative functional characteristics
of lubricants (lube oils) one should refer to densi-
ty and viscosity, viscosity — temperature relation,
pour point and flash point, lubricating capacity and
chemical stability [5]. Lube oils shall possess high
thermal — oxidative stability and sufficient anti-cor-
rosive properties along with wear — reducing values
and tolerable pumping ability at different ambient
temperatures. Lube oils shall ensure maximum pos-
sible service life, and shall not create any deposits on
components’ surfaces [2].
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In order to satisfy the full package of require-
ments specified for lube oils, over the last years
much attention was given to generate POLs with
new features and specifications by means of intro-
ducing wide range of additives and surface — active
substances. Attempts are made to study properties
of lubricating materials modified with carbon fill-
er, including carbon nanomaterials. Lubricants that
have been injected with carbon nanoparticles ac-
quire improved tribotechnical characteristics [6].
There are development projects that provide evi-
dence of existence of a scope of use of fullerenes
as new effective oxidation inhibitors of organic
compounds and materials based thereon. The re-
search [7] describes the lube — oil composition that
includes nanoporous particles and is able to reduce
friction, and thus, to increase fuel efficiency.

We assume that carbon nanotubes can be used
as an additive that allows significantly improving
performance properties and functional character-
istics of petroleum, oil and lubricants [8—12]. The
important peculiarity of carbon nanotubes (CNT) is
connected with their unique sorption characteristics
[13]. Given that a nanotube is a surface structure all
its mass is concentrated on the surfaces of its layers.
This determines abnormally high specific surface
area of tubulens, which in turn, determines distinc-
tive features of their electrochemical and sorptive
characteristics [14]. Due to its unique features, car-
bon nanotubes are considered as an ideal dopant
(doping material).

Advanced technical facilities, their units and ma-
chinery operate only on formulated oils, i.e. oils that
contain additives and agents introduced in a form
of synthetic and mineral ingredients to base oil that
provide the latter with required features [8]. Modi-
fication of petroleum, oil and lubricants with carbon
nanotubes allows them to obtain dramatically new
properties. Oil doped with carbon nanotubes obtains
certain expected properties such as change of vis-
cosity index and improvement of chemical stability.
This is the reason why studying possible potential
of improvement of operational properties of petro-
leum, oil and lubricants, and lube oils in particular,
doped with carbon nanotubes, as well as analyzing
some properties of derived compositions is of great
interest.

2. Experimental

POL synthetic blend motor oil Lukoil Super
10w—40 was doped with carbon nanotubes of dif-
ferent weight percentage: 0.01; 0.1; 0.5 wt.%. The
physical-chemical properties of carbon nanotubes

are described in paper [14]. We used carbon nano-
tubes produced at the TISNUM factory for exper-
imental research. The procedure of producing oils
with carbon nanotubes of different weight percent-
age (so—called compositions) was as follows. Be-
fore being introduced into oils carbon nanotubes
were subjected to ultrasound treatment in ultrasonic
bath of type «YX — 3560». The target of ultrasound
treatment was to break initial large aggregates of
nanoparticles into smaller ones. After ultrasound
procedure, test oils were doped with carbon nano-
tubes in the proper proportions. For this purpose oils
were heated up to T = 3040 °C (this temperature
range has no significant effect on oil quality), and
then carbon nanotubes were added. This procedure
was accompanied by continuous mechanical mixing
by means of titrating apparatus TPR-M—UHL—4.2
in order to have thorough dispersion of particles.

The following physical and chemical properties
of a created composition were studied:

1) Viscosity of the composition at a temperature
of T =25 °C (initial condition);

2) Viscosity of the composition after its aging at
a temperature of T = 160 °C with oxidation behav-
ior of sample components of the composition over a
period of 24 h;

3) Oxidation stability determined by such parame-
ters as “acid capacity” and “acid number” of sample
components of the composition in their initial con-
dition and after aging.

In order to evaluate impact of admixture of car-
bon nanotubes on functional characteristics of petro-
leum, oil and lubricants we studied samples of base
oil without additives (so — called base samples).

Viscosity was measured by means of capillary
viscosimeter at a temperature of T =25 °C. The low
tip of a vertically fixed capillary tube went down to
2-3 mm below liquid level in an oil container. Oil
was sucked in with a rubber bulb up to the midpoint
of the upper expansion of capillary viscosimeter, af-
ter that we measured drain time of 3.6 mL of liquid
between marks with a stopwatch. Poiseuille equa-
tion was used to calculate viscosity value [15]:

_ 7 AP-R'-A (1)
8- V-1

where AP — differential pressure, Pa; R — capillary
radius, m; Az — liquid drain time, s; V' — volume, m?,
[ — capillary length, m.

Results of viscosity calculations for the base
sample and compositions with different content of
carbon nanotubes are listed in Table 1.
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Table 1

Viscosity value of base sample, compositions in initial condition and after aging, 0 — mean square deviation

Carbon nanotubes Viscosity + o, mPa - s
content, wt.% Initial condition Initial condition After aging Viscosity fluctuation
0 193.35 +4.68 0 213.14+1.28 0
0.01 206.77 +4.80 +13.42 195.39 £ 1.05 -17.75
0.1 220.42 +£2.57 +27.07 193.35+1.66 -19.79
0.5 229.51 +3.47 +36.16 189.70 +2.09 -23.44

Similar tests were carried out for the samples that
had been artificially aged at the following mode: se-
lected samples were aged at a temperature of 160 °C
while stirring constantly with help of titrating ap-
paratus TPR-M—-UHL—4.2. Oil is able to reach this
temperature only on sides of cylinder barrels in the
motor; however, its residence time therein is quite
low. Thus, continuous presence of oil at such tem-
perature ensures fast aging of oil during its oxidation.

During oil oxidation process almost all its phys-
ical, chemical and operating parameters change,
such are the following: viscosity, flash point, coking
capacity, water content, alkali base number and acid
number, content of non — dissolved residue and wear
products [16]. One of the main factors negatively af-
fecting oil quality is its continuous aging. Over the
course of aging one notices increase of corrosive-
ness, formation of deposits, inability to initiate cold
start — up, and loss of oil pumping ability. Speed
of this negative process can be gradually decreased
by introduction of an effective antioxidant additive.
When oil is oxidized acid number rises, and alkali
base number reduces. Balance between alkali base
number and acid number determines degradation
factor (aging) of oil during its use [17].

We defined acid content and acid number of a
base sample of the synthetic motor oil and exam-
ined a composition based on this oil and carbon
nanotubes. Test material was presented by samples
of compositions with different amount of carbon
nanotubes in initial condition and compositions af-
ter aging. Acid content and acid number were cal-
culated in accordance with GOST 5985 — 79 [18].

Test approach was the following. A cone flask was
filled with 50 mL of 85% ethyl alcohol, after it was
shut with backflow water cooler, and the content
was boiled for 5 min. Nitrazine yellow indicator
was added. Alcoholic solution of potassium hy-
droxide 0.05N neutralized by hot alcohol 0.05N, re-
sulting in color change from yellow to green. Then,
the flask was filled with 50 mL of test material, and
the mixture was also boiled with back-flow water
cooler for 5 min. After that hot mixture was titrat-
ed until colors changed. Acid content is valued in
mm of potassium hydroxide (KOH) that is required
for neutralizing acids contained in 100 mL of POL
[18]. Acid content level is calculated with the fol-
lowing formula:

V,-T-100
:72
K 50 2)

where V, — volume of potassium hydroxide solution
used in titration, ml; 7 — titer of 0.05N potassium
hydroxide solution, mg/mL; 50 — volume of tested
POL, mL [18].

Acid number is calculated, as follows:

k="T 3)
m

where V' — volume of alcoholic solution of potas-
sium hydroxide used in titration, sm?®, 7 — titer of
alcoholic solution of potassium hydroxide, mg/sm?;
m — sample mass, g [15].

Calculated volumes of acid content and acid num-
ber of tested samples are presented in Tables 2 and 3.

Table 2

Acid content value of base sample in initial condition and after aging, & — mean square deviation

Carbon nanotubes Acid content = g, mg KOH/100 mL
content, wt.% Initial condition Change of acidity After aging Change of acidity
0 0.6 +0.03 0 0.66 +£0.01 0
0.1 0.8+ 0.05 +0.2 0.72+0.02 +0.06
0.1 0.26 £ 0.03 -0.34 0.6+ 0.04 -0.6
0.5 0.36 £0.01 -0.21 0.1+0.02 -0.56
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Table 3

Acid number value of base sample, composition in initial condition and after aging, 0 — mean square deviation

Carbon nanotubes

Acid number + g, mg KOH/g

content, wt.% Initial condition Change of acid After aging Change of acid
number number
0 0.0073 + 0.0003 0 0.0080 + 0.0001 0
0.01 0.0097 + 0.0005 +0.0024 0.0087 £ 0.0002 +0.0007
0.1 0.0031 + 0.0003 -0.0042 0.0073 £ 0.0004 -0.0007
0.5 0.0044 £ 0.0001 -0.0029 0.0012 £ 0.0002 -0.0068
3. Results and Discussion — i
Viscosity values of tested samples (base oil §>
sample without carbon nanotubes and composi- " 5
tions with different content of carbon nanotubes) L os 2
in initial stage and after aging at a temperature of OE
T = 25 °C are referenced in Table 1. Viscosity fluc- =
tuation graph depending on weight percentage of o™
PNT in a composition in initial condition and after

aging is shown in Fig. 1

With increase of weight percentage of CNT in
the composition (initial condition) viscosity of the
latter increases as well (Fig. 1, curve 1). Provided
weight percentage of nanotubes rises in the compo-
sition after aging (Fig. 1, curve 2) viscosity value
lowers down in comparison with value of oil with-
out CNT (base sample). It should be noted that deg-
radation rate of a composition due to aging is not
high, as it is similar to viscosity value of oil without
added CNT. Results obtained related to acid content
and acid number are presented in Tables 2 and 3
and Figs. 2 and 3 correspondingly. Analysis of the
results has shown that addition of CNT in weight
percentage 0.01 wt.% leads to increase of degrada-
tion rate of the composition both in initial condition
and afteraging, i.e. oil ages too quickly and loses its
properties at undesirably fast rate.

=g Initial condition

g A fter aging
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Fig. 1. Viscosity fluctuation graph depending on weight
percentage of PNT in a composition in initial condition
and after aging.
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Fig. 2. Graph of acid content variation depending on
weight percentage of CNT in the composition in initial
condition and in the composition after aging.
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Fig. 3. Acid number variation graph depending on weight
percent age of CNT in the composition in initial condition
and in the composition after aging.

Further increase of CNT content in the composi-
tion not only stops oxidation process, but also results
in decrease of acid content down to range 0.26-0.36
mg KOH/100 mL in the initial condition and down
to minimum value of 0.1 mg KOH/100 mL after ag-
ing. It stands to mention that aging process of the
composition that contains 0.01 wt.% CNT does not
cause such rapid increase of acid content in compar-
ison with the similar composition in initial condi-
tion. With a rise of CNT content up to 0.5 wt.% the
referenced value decreases by 6.7 times compared
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to oil without CNT addition in the initial condition.

The principle of the graph of acid number vari-
ation depending on CNT weight percent age in the
composition in initial condition is similar to the
graph in Fig. 3 (curve 1). It should be noted that
change of acid number of the composition after ag-
ing has the tendency to decrease. In addition the
above its values decrease by 6.7 times in compari-
son with the oil without CNT.

On the basis of analysis of results obtained it
may be concluded that introduction of small per-
cent age of CNT (0.01 wt.%) initiates reduction of
oxidation stability of the lubricant. It is stated that
0.5 wt.% can be considered as desired content of
carbon nanotubes for artificially aged composition;
with this content acidity and acid number reach their
minimal values.

Due to the most important property of oil is its
stability to neutralize sulfurous by products (sulfu-
ric acid and sulfurous acid), and therefore to slow
down corrosion damage to a motor, impact of CNT
on alkali parameter was studied in qualitative test.
The procedure of determination of alkali parameter
by color was as follows. A glass container was filled
with 25 mL of distillated water, a slip of yellow in-
dicator paper and 2 mL of solvent toluene. One to
two drops of tested oil was added to the container
that was afterwards plugged with a cap and care-
fully shaken. Derived solution was set still for 3—5
min following which we evaluated change of solu-
tion color in the container. Change of colors helps
to identify alkali number this solution has, for in-
stance, yellow color of the solution means there is
less than 1.5 mg KOH/g; green color — from 1.7 to
2.5 mg KOH/g (wherein light green is 1.7 and dark
green is 2.5). The analysis of chosen compositions
has shown that alkali number reduces when base
sample ages (without CNT). However, increase of
weigh percentage of CNT from 0.01 to 0.5 wt.%
enhances coloring of the composition both in its ini-
tial condition and after aging, therefore providing
evidence of increased alkali parameter. As can be
seen from the above, introduction of carbon nano-
tubes effects positively the ability of oil to neutral-
ize sulfurous byproducts even after aging.

4. Conclusion

The present research proposes improvement of
functional and performance characteristics of pe-
troleum, oil and lubricants by adding (doping with)
carbon nanotubes that possess unique physical and
chemical properties including sorption and antioxi-
dant. The test results of compositions based on syn-

thetic motor oil added with carbon nanotubes of var-
ious weight percentage content and oil without CNT
(base sample) at a temperature of T = 25 °C have
shown that injection of carbon nanotubes changes
such physical and chemical properties of lubricants
as viscosity, acid content and acid number, alkali
parameter. These indicators of POL quality increase
in the process of oil aging which has been proven
by results obtained for artificially aged base sam-
ple. Doping lubricants with carbon nanotubes not
only stops oxidation process but also reduces acid
content and acid number in initial condition and af-
ter aging. Moreover, their presence increases alkali
parameter after aging of the composition, therefore
making it possible for oil to neutralize sulfurous by
products while in operation even after its aging.

In conclusion, our research has proven that car-
bon nanotubes have positive effect on main func-
tional and performance characteristics of petroleum,
oil and lubricants, and that allows recommending
use of CNT as new additives to liquid lubricating
compositions.
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