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Abstract
The aim of this research is to investigate the enhancement of lubricating and sealant properties, increase of the life time, 
and reduce of wear traces for lubricants and sealant greases. For this purpose, carbon dot (C-dot) nanoparticles (NPs) 
were synthesized successfully to add to the lithium based grease in 0.1, 0.2, 0.4, 0.6, 0.8 and 1 wt%. To better understand 
the effect of NPs on the properties of lithium based grease, carbon nanofiber (CNF) and Nano-Fullerene (C60) were also 
used in the mentioned weight percentages to add to the lithium based. NPs were well dispersed in the phase of base 
grease by the use of ultra-sonication. Variety of tests were done on the lithium base grease and all of the fabricated nano-
greases and their results were then compared with each other. Using NPs did not remain any corrosive tracks for all of 
the nano-greases and caused the improvement in all their properties. Prepared nanogreases were also resistant to fuel, 
water, and aqueous alcohol in a specific period of time. CNFs with weight percentages in the range of 0.4–0.8 showed to 
be the optimum NPs content to be added to the lithium based grease in terms of improved properties.
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1 Introduction

When a mechanical system starts to operate, it will be in 
the equilibrium condition after some hours and the grease 
bulk is used to cover abrasive surfaces, ball bearings, and 
rings [1]. Besides the reduction and control of the friction, 
using grease lubricants will contribute to the decrease of 
abrasion rate, absorb of surface pollutants, sealing and 
force transfer purposes, and preventing the pieces to 
become too hot and also corroded [2–5]. Oil viscosity is 
an important factor in the grease while do not have much 
effect on the thickening of the grease. In fact, concentra-
tion of the grease depends on the kind and amount of the 
thickener. Thickener will endow a coherency to the grease 

and it is usually assumed as a sponge in which holds the 
base oil [2]. Greases are categorized with respect to type 
of the base oil (mineral, synthetic, and vegetable) and type 
of the thickener (metal soaps, polymers, and minerals) [3, 
6]. Commercialized greases available in the market consist 
of mineral based oil or Polyalphaolefin and metal soaps 
like lithium, calcium, and aluminum [7]. Soap particles are 
metal salts of fatty acids which give a fibrous structure to 
the grease. Tying the fibrous particles of soap with each 
other will make the structure of the grease more con-
centrated [8]. Nanotechnology plays a prominent role in 
different applications [9–15]. Recently, the use of NPs, as 
additives for enhancing the lubrication and conduction of 
the base grease has attracted many attentions. NPs have 
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high surface to volume ratio and accordingly, will endow 
desirable physical properties to the base grease [16]. High 
energy of free surfaces in NPs results in the formation of 
agglomeration [17]. To prevent this phenomenon, meth-
ods of preparation for the nano-grease and mixing of NPs 
are important. Dispersion methods of NPs includes direct 
mixing (by the use of mechanical mixer), three roll mill, 
and dispersion with ultra-sonication. Nanoscale additives 
of the grease are often categorized in three groups of inor-
ganic, carbon base, and hybrid (surface capped) NPs [18].

Shape and structure of carbon based NPs play an out-
standing role in the selection of NPs and affect the lubri-
cation behavior of greases. NPs improve anti-wearing and 
anti-frictional properties of greases because of three rea-
sons: (1) the performance of spherical NPs on the contact 
surface has the same affection as the micro bearing and 
therefore, the friction coefficient is reduced. This phenom-
enon is called the ball effect. (2) tribochemical reaction 
effect and the creation of a protective layer on the con-
tact surface, and (3) repair effect by covering the micro 
porosities and the defective surfaces with NPs at the wear 
surface [12, 13].

Fabricated nano-greases are applicable in many indus-
tries like energy generation, transportation, cooling, chem-
ical production, industrial valves, and bearings [1, 14]. In 
recent years, lithium grease has shown good performance 
in the lubricating of mechanical equipment, lowering the 
wear and friction, increasing the lifetime of mechanical 
equipment, and reducing the energy consumption. This 
grease is also used broadly in automotive, aerospace, ship-
building, and machinery industries [19, 20].

Bartz and coworkers were concluded that adding of 
solid lubricants to the mineral oil could have anti-wearing 
effects. This effect is dependent on other additives exist-
ing in the oil, hardness of the particles, and also the size of 
solid lubricants [21]. To improve lubrication properties of 
the lithium based grease, Cheng et al. dispersed Tin (Sn) 
NPs in the base grease. Anti-wear and anti-friction proper-
ties of fabricated nano-greases in different size and weight 
percentages of NPs were measured. Their results showed 
that the addition of Sn NPs had an effective impact on 
the reduction of wear and friction coefficient [20]. Utiliz-
ing gold and copper NPs in the lubricants were also stud-
ied and their anti-wear and anti-friction properties were 
discussed [22, 23]. Studies on the addition of multi-layer 
graphene, as an additive to the lithium based grease were 
done by Fan and his colleagues and they showed that load 
bearing of the base grease was improved [24]. High effi-
ciency performance of lubricants containing graphene NPs 
can be the result of their tiny size and thin flatty struc-
ture leading to the reduction of shear stress and collision 
prevention of metal interface. Furthermore, graphene 
surfaces could easily inter the structure of oil and form 

a protective layer for preventing the straight collision of 
surfaces and then improve their wearing properties [25]. 
Graphite NPs were also studied as an additive to the indus-
trial oil with the cinematic viscosity of 220 cSt [26]. While 
the results of the research done by Chen et al. showed 
that adding of titanium dioxide  (TiO2) and silicon dioxide 
 (SiO2) to the lithium based grease did not improve the 
load bearing capacity, the ability of improving the load 
bearing capacity was referred to a cleverly combination 
selection of NPs and type of the base grease [27]. Wu et al. 
investigated the effect of CuO and  TiO2 nano-additives on 
the lubricating and anti-wearing behavior of the base oil. 
Their results showed that using CuO nano-additives had 
better performance in the friction reduction of the oil than 
that of using  TiO2 NPs [28]. Hybrid nanolubricant com-
posed of a flowable oil or grease with a multi-component 
nanoparticle was also studied in the literature [29]. Using 
the combination of  Al2O3 and ZnO nano-additives were 
also investigated and it was concluded that the friction 
between flat surfaces were decreased. Probing into the 
wearing of flat surfaces showed that used NPs had the 
same behavior as the wearing particles and accordingly, 
the wear rate at the surfaces could be better detected by 
harder particles [30]. Zinc Aluminate  (ZnAl2O4) and Gah-
nite NPs increased the anti-wear and anti-friction proper-
ties of the oil with 0.1 wt% of NPs [31]. Wei and cowork-
ers had some researches on the tribological properties of 
 Al2O3–TiO2 nanocomposite by friction and wear tests. They 
showed that applying the mentioned NPs in the structure 
of oil had better anti-wear and anti-friction properties than 
the use of  Al2O3 and  TiO2, separately [32]. Mohamed et al. 
[2] studied the effect of adding Carbon nanotubes (CNTs) 
in different weight percentages on the tribological proper-
ties of lithium based grease. Younes and coworkers probed 
into the effect of adding three-dimensional carbon nano-
structures (C60, CNT and SWNT) to the Polyolefin oil based 
grease and their results indicated that the mentioned car-
bon NPs did not form a stable structure. They reported the 
weak Van der Waals intermolecular force for the reason 
of the mentioned phenomenon. [7]. Nano-lubricants con-
taining fullerene NPs in the refrigeration mineral oil were 
also synthesized and their performances were evaluated 
[33].

In this research, three carbon based NPs with different 
shapes and structures including CNF, C60 and C-dot in 6 
different contents were used to disperse in the lithium 
based grease. From the mentioned NPs, C-dots were syn-
thesized, separately. Then, anti-wear, anti-friction, viscos-
ity, penetration, dropping point, corrosion, flash point, 
fire point, thermal stability, moisture resistance, extreme 
pressure properties, along with resistance to different 
solvents for the fabricated nano-greases were measured 
and evaluated in accordance with the standard methods 
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available in the literature. These properties were compared 
with those of the base grease. By analyzing and comparing 
the results, the best Nano-additive with optimum weight 
percent was proposed to be added to the lithium grease 
to be utilized in the lubrication of industrial valves.

2  Experimental

2.1  Materials

In this work, two stages method was implemented to pre-
pare the nano-greases. The considered commercialized 
base grease (with the model of SAV733) was prepared with 
the mentioned characteristics in Table A1 (from Appendix 
A). This lithium based grease had proper thermal and water 
resistance along with the mechanical stability. Additives of 
Carbon Nanofiber (CNF), Nano-Fullerene (C60), and Carbon 
Nano-dot (C-dot) with different weight percentages (0.5, 
1, 2, and 3) were used to be added to the lithium grease. It 
should be noted that carbon nano-dots were not available 
in the market and accordingly, this NP was synthesized 
in this research by the hydrothermal method. CNFs and 
C60 NPs were purchased from Sigma-Aldrich Company. In 
addition, two mentioned NPs were stable in the structure 
of the grease and did not need to be modified on surface. 
Because of the high rates of viscosity for the base fluid, 
ball mill method was utilized to disperse NPs in the base 
fluid and for this purpose, a ball mill (model of 100 Retche 
PM) was used. Characteristics of the mentioned device for 
preparation of Nano-greases are shown in the Table A2.

2.2  Synthesis of C‑dot NPs

According to the studies and researches carried out and 
also availability of necessary equipment, hydrothermal 
method was used to synthesize carbon Nano-dot. Table A3 
shows required chemical materials for the synthesis of car-
bon Nano-dot. 3 ml of ethanol was putted inside an auto-
clave (model of Kavoosh Mega, made up of stainless steel 
and with the volume capacity of 5 ml containing 4 and 
23 ml of  H2O2 (30 wt%) and deionized water, respectively). 
Hydrothermal operation was done on the created solu-
tion at 180 °C and for the time duration of 12 h to obtain 
a yellow fluid containing dispersed particles of carbon 
nano-dot. After the separation of carbon nano-dots by a 
dialysis tube in the distilled water, they were putted under 
the oven at 60 °C to become dried and giving us 5 mg of 
carbon nano-dot powder. This synthesis method was used 
by Hu et al. [34] to investigate the Photoluminescence 
property.

2.3  Preparation of nano‑greases

For the preparation of nano-greases, different weight per-
centages of C60, CNF, and C-dot were used. With respect 
to the fact that nano-size of these materials are more 
effective in the structure of grease than the micrometer 
particles, nano-greases were prepared with the weight 
percentages of 0.1, 0.2, 0.4, 0.6, 0.8, and 1. Used NPs were 
well distributed in the commercialized lithium base grease 
for 15 min and at 30 °C. Properties of the base grease 
(SAV 733) which was used in this work are shown in the 
Table A4.

2.4  Test methods for the evaluation 
of nano‑greases

2.4.1  Viscosity

Viscosity is one of the parameters which plays a promi-
nent role in the process of lubrication. In the present work, 
a rotating viscometer (model of Brookfield DV-II+Pro), 
along with a spindle and an adaptor (model of UL Adap-
tor 316 s/s) were used to measure this property.

2.4.2  Permeability

After preparing the nano-greases, they were tested to 
investigate their permeability by the cone penetration 
test with the standard of ASTM –D217.

2.4.3  Dropping point

Dropping point is an indicator of the heat resistance of the 
grease and is the lowest temperature in which the oil can 
flow and the phase of grease changes from semi-solid to 
liquid [35]. This temperature was determined by the stand-
ard method of ASTM D566.

2.4.4  Corrosion

Standard test method of ASTM D4048 was used to deter-
mine the corrosion of the copper strip, which was covered 
by a layer of grease. Results of this test are important in 
predicting the situations in which greased pieces having 
copper or copper alloy are imposed to the chemical cor-
rosion condition. These corrosions can led to the early fail-
ure in pieces like bearings and should be avoided. In this 
standard method, corrosive sample will be analyzed with 
respect to the appearance of test blade (copper piece) and 
its comparison with one of the standard corroded states.
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2.4.5  Flash and fire points

Measurement of the flash point was done by a Cleveland 
Open Cup Flash Point tester (Stanhope-Setaand Com-
pany, UK) with the standard method of ASTM D92. Experi-
ments were repeated three times at the same conditions 
to ensure the correctness of the results of this test. The 
general procedure for determination of the flash point is 
completely the same as the fire point and standard test 
method of ASTM D92 was already used to measure the 
fire points of greases.

2.4.6  Evaporation loss

In this test, the effect of temperature on the lubricant 
without the presence of oxygen is investigated. Probing 
into the evaporation in greases were done in this study by 
the standard method of ASTM D972. Reduction or mass 
decrease of the grease by the evaporation was obtained by 
this test method for the applications in which evaporation 
in greases are an important factor. Mass reduction rate by 
the evaporation was determined in the temperature range 
of 100–150 °C.

2.4.7  Humidity resistance

The ability of water to wash greases was obtained by the 
standard method of ASTM D1264. The purpose of conduct-
ing this standard test method is to determine the stabil-
ity of grease lubricants on the bearings against washing 
by the water (water washout characteristic). This test was 
repeated two times to decrease the errors in results.

2.4.8  Extreme‑pressure (EP) properties

Standard test methods of ASTM D2596 and DIN 51805 
were implemented to differentiate of grease lubri-
cants into the three categories for EP properties of low, 
medium, and high. The purpose of this test is to measure 
the property of loading resistance of greases with respect 
to the parameters of loading-abrasion characteristic and 
the point of its welding with the four balls device for EP 
measurement.

2.4.9  Resistance of nano‑greases to fuel, water, 
and aqueous alcohol

DEF Stan 91-6/4 test method was implemented to evalu-
ate the resistance of all nano-greases to some solvents at 
specific conditions. As fabricated nano-greases are con-
sidered to be utilized and applied in industrial valves, the 
results of this section is important to determine if these 
nano-greases can endure harsh operating conditions in 
such applications.

3  Results and discussion

3.1  Rheological, Physical, and Tribological  
Properties of nano‑greases

3.1.1  Viscosity test

Adjacent fluid layers are responsible for viscous friction 
and viscosity of nanogreases can determine the shearing 

Fig. 1  The effect of adding 
CNFs to the base grease on 
their shear stress
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force between these layers [36]. In other words, load car-
rying capacity and viscous friction of the nanogrease can 
be determined by its viscosity [37]. Parameters like shear 
stress and apparent viscosity are determined by the vis-
cosity test. Figures 1 and 2 show the results of these 
parameters for the base grease and modified ones by 
CNFs (at 0.1, 0.2, 0.4, 0.6, 0.8, and 1.0 wt%). It should be 
noted that experiments were repeated for three time at 
the same conditions to reduce the experiment errors and 
average values were considered in the figure. Results 
indicated that raising the shear rate contribute to the 
increase of the shear stress while reduce the viscosity 

of the grease. It is obvious in this figure (and also Figs. 3 
and 5) that the shear stress and the shear rate are linearly 
dependent and this indicates the Newtonian behavior 
of the prepared nano-greases. It was observed that the 
shear stress and apparent viscosity of the nano-grease 
containing 0.8 wt% of CNFs are higher than those of 
the other nanogreases and also were more stable with 
respect to the base grease in all shear stresses. In addi-
tion, these parameters were increased by raising the 
content of CNFs in the Nano-grease. Experiments were 
conducted at the same conditions and showed the 
thixotropic behavior for fabricated Nano-grease and 

Fig. 2  The effect of adding 
CNFs to the base grease on 
their apparent viscosity
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Fig. 3  The effect of adding C60 
NPs to the base grease on their 
shear stress
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accordingly, shear thinning behavior can be observed 
for the Nano-greases. Viscosity of these fluids will be 
decreased by raising the shear rate. Starch, soup, pig-
ment, grease, and etc. are some of these materials with 
the mentioned behavior. Nanoparticles will act as the 
disturbance of the fluid and the hydrodynamic interac-
tions between them around one particle and also inter-
act with the other ones at higher contents is the main 
reason for decrease of apparent viscosity with increasing 
the shear rate.

Figures  3 and 4 illustrate also the shear stress and 
apparent viscosity for the base grease and modified 
grease with Nano-Fulleren (C60) in weight percentage 
of 0.1, 0.2, 0.4, 0.6, 0.8, and 1. Shear stress and apparent 
viscosity were increased and decreased, respectively by 
further raising the shear rate. It can be detected from the 
figure that shear stress and apparent viscosity of the nano-
grease containing 1 wt% of C60 are far higher than those 
of the base grease at all studied shear stresses. In addi-
tion, further incensing the content of C60 caused these 

Fig. 4  The effect of adding C60 
NPs to the base grease on their 
apparent viscosity
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Fig. 5  The effect of adding 
C-dot NPs to the base grease 
on their shear stress
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parameters to be increased. Shear stress and apparent vis-
cosity versus the shear rate for the base grease and modi-
fied nano-greases with C-dot NPs (at 0.1, 0.2, 0.4, 0.6, 0.8, 
and 1 wt%) are shown in Figs. 5 and 6, respectively. The 
same results for the apparent viscosity and shear stress of 
nano-greases containing C60 NPs were also observed for 
the modified grease with C-dot nano-additives. In general, 
results indicated that all fabricated nano-greases showed 
thixothropic behavior in the form of shear thinning. Fur-
thermore, shear stress and apparent viscosity with respect 
to the shear rates for modified nano-greases with CNFs is 
more than those for the nano-grease with C60 NPs. While 
these parameters for the nano-grease containing C60 were 
found to be more than those for the C-dot nano-grease. 
As a result, CNFs with 0.8 wt% showed the best amount of 
NP to be added to the base grease in terms of increased 
viscosity and shear stability with respect to those of nano-
greases with the same contents of C60 and C-dot. All pre-
pared nano-greases were found to have Newtonian behav-
ior and addition of NPs to the base grease caused their 
shear stress and apparent viscosity to be increased and 
decreased, respectively versus the shear rate. This behavior 
indicates the anti-wear and anti-friction properties of used 
NPs leading to have better lubrication in the considered 
applications, as industrial valves.

In general, viscosity of greases increase with the addi-
tion of nano-additives and this can be attributed to 
agglomeration of nanoparticles in the nano-grease, pre-
venting the easy movement of adjacent oil layers [38].

3.1.2  Penetration test

Penetration rate of nano-greases in different weight per-
centages and two states of unworked and worked sample 
are shown in Figs. 7 and 8, correspondingly. Results were 
obtained by repeating the experiment by three times and 
their standard errors can be seen in the mentioned figures. 
Adding up of Nano-fulleren (C-60) and CNFs to the grease 
caused their penetration rates to be decreased by raising 
their weight percentages. This can be due to the fact that 
fibrous structure of the nano-greases prevents the easy 
penetration from these structures. With respect to the 
fact that CNFs have interwoven and fibrous structure, the 
gas will be prevented from passing this structure because 
of the increase in mean free path of the gas flow in the 
grease. Decrease of the grease penetration by raising the 
Nano-fullerene and CNFs content means their increase of 
consistency and therefore, mentioned NPs have thicken-
ing effect on the grease. Moreover, good dispersion and 
large specific surface area of CNFs caused them to have 
better thickening effect and the basic texture of greases 
doesn’t change considerably. 0.6 wt% of CNFs was found 
to be the optimum amount of NPs that can be considered 
to be added to the base grease in terms of reduced pen-
etration rates. For the use of 0.8 and 1 wt% of CNFs, no sig-
nificant changes was observed for the penetration reduc-
tion and permeability values were about the same in the 
mentioned two cases (legends of the figures are regarded 
to the nano-grease containing such nanoparticle).

Fig. 6  The effect of adding 
C-dot NPs to the base grease 
on their apparent viscosity

0

25

50

75

100

125

150

175

200

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Ap
pa

re
nt

 v
isc

os
ity

 (P
a.

s)

Shear rate (1/s)

Base 0.1 Wt.% C-dot 0.2 Wt.% C-dot

0.4 Wt.% C-dot 0.6 Wt.% C-dot 0.8 Wt.% C-dot

1.0 Wt.% C-dot



Vol:.(1234567890)

Research Article SN Applied Sciences (2019) 1:264 | https://doi.org/10.1007/s42452-019-0289-7

Fig. 7  Penetration of nano-
greases in the unworked state
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Fig. 8  Penetration of nano-
greases in the worked state
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Fig. 9  The effect of adding 
NPs to the base grease on their 
dropping points
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3.1.3  Dropping point

Results of dropping point for nano-greases with dif-
ferent contents are shown in Fig. 9. These results were 
obtained from the average values of conducted experi-
ments with three times repeatability. Raising the weight 
percentages of NPs leaded to the increase of the drop-
ping point for the prepared nano-greases. This could be 
a merit for nano-greases because increasing the drop-
ping point can cause them to be separated from the 
oil at higher temperatures and as a result, kept their 
structures at high temperatures. On the other hand, 
better high temperature performance of the prepared 
nanogreases as well as their structural stability are the 
results of presence of NPs. In addition, modified nano-
greases containing 0.8 and 1  wt% of CNFs devoted 
the largest increase rates in the dropping point with 

respect to those of other nano-greases and as a result, 
had better high temperature performance and stability. 
(Legend of the figure is regarded to the nano-grease 
containing such nanoparticle).

3.1.4  Corrosion

Results of copper corrosion test for all the studied nano-
greases in different weight percentages of NPs indicate 
that they had little color changes in different corrosion 
rates. These color changes are the same as the copper 
strip which was polished recently and in some cases, the 
color was inclined to the bright orange and accordingly, 
the condition of copper strip can be categorized in the 
classification of 1a (according to the standard of ASTM 
D4048(. In this test method, the corrosion rate in differ-
ent cases can show itself by the color change from almost 

Fig. 10  The effect of adding 
NPs to the base grease on their 
flash points
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Fig. 11  The effect of adding 
NPs to the base grease on their 
fire points
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without color to the black and numbers of 1–4 indicate 
the color change resulting from the corrosion. The impor-
tance of this test for prepared nanogreases is due to the 
application of these nanogreases in industrial valves and 
all the nanogreases were resistant to become corroded 
in the specified condition, according to the standard test 
method.

3.1.5  Flash and fire points

Results of the flash point test is dependent on the design 
of considered device, how to use it, and conditions of the 
test. Figures 10 and 11 illustrate the results of measured 
flash and fire points, respectively for the base grease and 
modified greases with NPs. As it can be seen in these fig-
ures, raising the weight percentages of NPs led to the 
increase of their flash points. This increase was more sen-
sible for the modified grease with CNFs. In other words, 
CNFs showed to give better performance to the grease in 
terms of the flash point with respect to the use of other 
NPs in the grease. The increase in flash point of the nano-
grease containing 0.4 wt% of CNFs was found to be the 
highest and further raising the content of the NP caused 
the trend of changing flash point to be reduced (Legends 
of the figures are regarded to the nano-grease containing 
such nanoparticle). Flash and fire points of the grease can 
determine the evaporation loss and humidity resistance 
of the grease.

3.1.6  Evaporation loss

Table 1 shows the evaporation loss rate in the base grease 
and modified greases with NPs. It is obvious from this table 
that adding NPs to the base grease decreased the evapora-
tion loss rate of the grease and results indicate that CNFs 
had better performance in this regards with respect to the 
usage of other two NPs. The reduction trend of the param-
eter of evaporation loss in the modified grease with CNFs is 

clear. Indeed, CNFs contributed to the better performance 
of the grease in terms of the evaporation loss by rate of 
73%. Evaporation loss is an important factor for evaluating 
the quality of greases and adding NPs to the base grease 
forms more stable lubrication layers in the structure of the 
grease. In fact, this property is closely dependent on the 
flash and fire points and humidity resistance of the grease, 
as it was mentioned in the previous section. Increasing 
the flash and fire points of the grease by utilizing NPs can 
be directly dependent on its evaporation loss reduction. 
Furthermore, humidity resistance reduction of modified 
greases containing NPs can also lead to their less evapora-
tion loss rates.

3.1.7  Water washout characteristics

The rate of water washout for all nano-greases at the 
standard condition is reported in the Table 2. Water wash-
out property of lubricants can determine their humidity 
resistance because these two properties are inversely 
dependent to each other. Results indicate that raising of 
the NP content in the grease caused the increase in its 
water washout characteristic. In addition, CNFs led the 
improvement of humidity resistance by 50% (decrease 
in the water washout characteristic of CNF modified 
nanogrease by 50%). NPs of C-dot and C60 contributed 
to the less improvement in this parameter than the use 
of CNFs. However, each of these NPs could be utilized to 
improve the structure of desired grease with respect to 
their applications and expectations.

3.1.8  Extreme‑pressure property

Figure 12 shows the amount of welded point (kg f ) for the 
base grease and modified greases with different contents 
of NPs (according to the standard of ASTM D 2596). Results 
indicated that for the base grease at the loading of 315 
(kg f ), four balls are welded to each other. While for the 

Table 1  Evaporation loss rate of nano-greases with different con-
tents of NPs

Weight per-
centages

Evaporation loss (%)

Nano-grease 
with CNF

Nano-grease 
with C60

Nano-grease 
with C-dot

0.0 1.2 1.2 1.2
0.1 1.0 1.1 1.2
0.2 1.0 1.0 1.1
0.4 0.5 0.8 1.0
0.6 0.5 0.5 1.0
0.8 0.5 0.5 0.8
1.0 0.4 0.5 0.8

Table 2  Water washout characteristic for nano-greases at different 
contents of NPs

Weight per-
centages

Amounts of washed nano-greases (%)

Nano-grease 
with CNF

Nano-grease 
with C60

Nano-grease 
with C-dot

0.0 4.3 4.3 4.3
0.1 4.0 4.1 4.0
0.2 3.5 3.8 4.1
0.4 3.0 3.4 4.0
0.6 2.4 3.0 4.0
0.8 2.2 3.0 3.8
1.0 2.1 3.0 3.8
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modified grease with 1% of C60, the loading was increased 
to 480 (kg f ). In other words, this test clearly shows that 
C60 with its cage and spherical structure caused the 
improvement in performance of the grease to endure and 
transfer of applied loading at the high pressure. In addi-
tion, CNFs showed also to have this increasing trend in the 
loading. Modified loading and applied loading to reach 
the welding point (10 items to reach this point) for the 
base grease is shown in Table 3. As a result, the character-
istic of abrasion-loading is 144.36 for the base grease. Fig-
ure 13 illustrates this characteristic for nano-greases with 
different weight percentages of NPs. It is obvious that rais-
ing the contents of NPs increased this characteristic and 
the best performance was obtained for the cases in which 
C60 NPs were used. This characteristic indicates the less 
abrasion with respect to the more loading. Furthermore, 

Fig. 12  Applied load for dif-
ferent nano-greases at the 
welding point
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Table 3  Measurement of modified loading for the base grease

Applied load 
(L) (Kg)

Average scratch 
diameter (X) (mm)

Factor of  LDh Modified load 
(

LDh

X

)

 (Kg f )

80 0.37 30.08 79.16
90 0.40 35.30 88.25
100 0.42 40.50 96.43
110 0.44 46.15 104.89
126 0.46 55.20 120.00
160 0.50 75.80 151.60
200 0.57 102.20 179.30
220 0.62 116.32 187.61
250 0.68 137.50 202.21
300 0.75 175.65 234.20
315 Welded 187.10 –

Fig. 13  The effect of adding 
NPs to the base grease on their 
load wear index
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strength of the oil film and ultimate capacity of the grease 
were both improved by using NPs. Continuity of the lubri-
cating film could also be increased by the presence of 
NPs, resulting in the positive affect of the lubricating film 
strength (Legends of the figures are regarded to the nano-
grease containing such nanoparticle).

3.1.9  Resistance of nano‑greases to fuel, water, 
and aqueous alcohol

Prepared nano-greases were considered to apply in the 
industrial valves. As a result, their resistance to some sol-
vents should be taken into consideration to have a better 
evaluation about their performances in these applications. 
For determining the resistance of nano-greases to fuel, a 
test fluid containing 60% of 2,2,4 Trimethylpentane, 25% 
of Toluene and 15% of Xylene was prepared and samples 
were immersed in that. Deterioration of samples in the 
test fluid were evaluated at 23 ± 2 °C and in two cases of 
7 ± 0.5 h immersion in the solvent and 24 h of air drying. 
No swelling, blistering, cracking, loss of adhesion or other 
deterioration was observed in the resulting nano-greases 
in each of two cases.

Furthermore, the resistance of nano-grease samples to 
water was evaluated at 23 ± 2 °C for 7 ± 0.5 h and no dis-
integration of samples was detected in the nano-greases. 
Appearance of the water was also checked and no more 
than slight turbidity of the water was observed. An aque-
ous alcohol containing a 50/50 v/v mixture of distilled 
water and industrial methylated spirits was also prepared 
to investigate the resistance of nano-grease samples to it. 
The results from the visual examination of samples was 
also the same as the one in which water was used as the 
solvent at operating condition of 23 ± 2 °C for 168 ± 2 h. As 
a consequence, all the prepared nano-greases were found 
to be resistant to the fuel, water, and aqueous alcohol.

4  Conclusions

Synthesis of C-dot NPs was successfully done by the hydro-
thermal method and nano-greases were fabricated by dis-
persing three different NPs (C60, CNF, C-dot), separately in 
the lithium based grease. Properties of the resulting nano-
greases were investigated and compared with those of the 
base grease. Raising of the shear rate resulted in increase 
of the shear stress and decrease of the viscosity. Adding of 
NPs (up to 0.8 wt% for CNFs and 1 wt% for C60 and C-dot) 
to the base grease caused the increase in both of these 
parameters versus shear rate.

Penetration rate of conical piece in the grease (in the 
both worked and unworked mode) showed a descend-
ing trend in all the prepared nano-greases. The highest 

decrease was regarded to the nano-grease containing 
0.8 wt% of CNF in the unworked mode and the one with 
1 wt% of CNF in the worked mode by the rates of 27% and 
28%, respectively. In addition, raising the amount of NPs 
caused the increase in the dropping point of nano-greases. 
Modified nano-grease with 0.8 wt% of CNF devoted the 
highest amount of dropping point. The results of corrosion 
test indicated that the addition of all studied NPs to the 
lithium base grease did not cause any corrosion tracks. The 
highest amounts of flash and fire points were regarded to 
the modified grease with 0.4 wt% of CNF at 298 °C and 
305 °C, respectively.

Increasing the amount of NPs caused more humidity 
resistance in the grease and CNF modified grease had 
the maximum improvement in this parameter by the rate 
of 50%. Adding 0.8 wt% and 1 wt%. of CNFs to the base 
grease made them to be washed by about 2.2% and 2.1%, 
respectively, as the best performances for water washout 
property among all of the synthesized nano-greases were 
found to be for the mentioned nano-greases. Therefore, 
addition of CNFs improved this parameter by 51%. The 
extreme pressure was improved by the use of NPs. Nano-
grease contained 1 wt% of C-60 had the best performance 
in the extreme pressure property by about 52.4% and 
240.7% for the improvement in applied loading at weld-
ing point and load-wear, respectively. All nano-grease 
samples were resistant to fuel, water, and aqueous alcohol 
at the specific time period and temperature. Through all 
the results, CNFs by the weight percentage of (0.4–0.8) % 
could be the best Nano additive to promote the properties 
of lithium based grease and the resulting nano-greases 
could be applied in industrial valves.
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