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Grease is a semi-solid lubricant in which the structure is a gel composed 
of soap fibers arranged in layers. Calcium greases are one of the most 
economical products but have low thermal stability at high temperatures, 
for example, having an operating temperature of about 90 ℃ and a dropping 
point of 148 ℃. In this study, we developed a Calcium and Lithium complex 
grease with adipic and sebacic acid in order to reach a higher thermal 
performance. The results showed that the dropping points of complex 
samples are above 250℃. To examine the rheological properties viscosity-
temperature curves were studied which revealed that the amount of viscosity 
for Lithium simple and complex, Calcium complex with sebacic acid at 
initial and final temperatures of 80 ℃ and 180 ℃ was reported as follows: 
5370-3240, 6400- 3900, 1200-254 mPa.s, respectively. The study showed 
that Calcium complex grease with a high dropping point operates softer than 
Lithium complex grease, so it is more proper for high-speed bearings.

1. INTRODUCTION
Lubricating grease is a semi-solid lubricant 

that is used to reduce friction and wear 
between surfaces or seal an area [1,2]. It 
is composed of base oil, an agent as the 
thickener that is typically groups of soaps, 
and components as addatives. It is considered 
that the structure of soap is of a gel composed 

of fibers arranged in layers [2]. Forming a 
fibrous network of soap keeps oil in it so that 
the lubricant can be applied to bearings and 
surfaces where oil is not appropriate [1,2].

As a variety of applications of greases has 
been expanded, studies on specialized types 
have been developed. Thermal stability of 
greases as a main characteristic is under 
consideration to achieve a product which is 
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able to operate at higher temperatures.
Lithium complex greases have a high 

thermal performance, but as the lithium 
demand in battery technology has grown, the 
preference is to alter a novel thickener instead 
of lithium type [3]. Polyurea grease is one of 
the novel types, however, it has a complete 
protected manufacturing process beacause of 
using cyanate [4,5]. Another alternative type 
is Calcium sulfonate complex grease[3,6]. 
Calcium sulfonate is not easily available 
in the market. In contrast, Calcium simple 
grease is one of the most conventional and 
economical products in lubricating market 
and has excellent water resistance [7] but low 
thermal performance, for example operating 
temperature of about 90℃[8]. Studies have 
been conducted to produce Calcium complex 
greases, for instance using benzoic acid [9]. 
The challenge of producing grease with 
benzoic acid is that the final product will be 
grainy. The main goal of the present work is 
to focus on developing a new complex soap 
grease using Calcium adipate and sebacate as 
the complexing agent. The dropping point and 
the viscosity of the grease are two properties 
that can indicate its thermal and rheological 
stability.  

The viscosity is a significant property in 
selecting a product for high-speed conditions.

The length of fibers in the grease structure 
is the determinant of the differences between 
Calcium and Lithium greases. Medium-
fibered Lithium soap is about 25 times longer 
than Calcium soap [2]. Fiber length can affect 
viscosity. The longer the fibers, the higher the 
amount of viscosity will be [10]. In high speed 
conditions, we need to have soft grease so 
that no extra heat is produced and no extra 
power is consumed.

2. Experimental
2.1. Materials and equipment

The synthesis of a sample of grease is a 
reaction between a base and acids. Depending 

on the number of acids, it returns to a simple 
or complex type. The base in Calcium grease 
is Calcium hydroxide (Ca (OH)2) which was 
purchased in industrial grade. Li (OH). H2O in 
a crystal form was used as the base in Lithium 
grease samples. The fatty acid in either simple 
or complex samples is 12-hydroxystearic 
acid(12HSA). Adipic acid and sebacic acid 
were selected as the medium-chain acids, 
which both are dicarboxylic acids with 6 and 
10 carbons, respectively. Acetic acid is used as 
a short-chain acid. The base fluid is mineral 
oil with a viscosity of 30 cSt at 40℃ and a VI 
of 95.

An open kettle reactor with a mechanical 
mixer and heating and cooling system 
was used, which worked at atmospheric 
conditions.

2.2. Grease synthesis
The synthesis of a soap-thickened grease is 

to form the soap fibers in the base oil in order 
to obtain a gel-like compound. A complex soap 
is a tangled fibrous network with different 
lengths. The 12HSA soap is pre-formed by 
adding the acid and Ca(OH)2 in the base oil. 
Then, the medium and short-chain acid is to 
be added with the proper amount of base. 
The maximum temperature of the synthesis 
for simple and complex Calcium grease are 
140℃ and 210℃, respectively, in an open 
kettle. The time required for the synthesis is 
about 5 hours.

Lithium complex grease does not need the 
short-chain acid to form a stable compound. 
The procedure of the synthesis is similar to the 
Calcium one with the difference mentioned. 
The maximum temperature of the synthesis 
for simple and complex Lithium grease are 
170℃ and 210℃, respectively, in an open 
kettle. The time required for the synthesis is 
about 5 hours.

Three samples were prepared containing 
one simple Calcium simple grease (with 
12HSA) and two Calcium complex (Ca.X) 
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greases which consist of adipic acid or sebacic 
acid, and acetic acid in both Calcium complex 
samples. Lithium samples include Lithium 

simple (with 12HSA) and Lithium complex 
(Li.X) with adipidc and sebacic acid. Figure 1 
shows images of the six samples.

2.3. Grease properties determination
The dropping point was determined according 

to ASTM D566 standard (Figure 2(a)). The 
apparent viscosity was measured in a temperature 
sweep test using Anton Paar MCR502, the copper 

corrosion test as defined by ASTM D4048, and 
the oil separation based on ASTM D6184(Figure 
2(b)) was tested and reported for six samples 
in the chemical engineering faculty of Tarbiat 
Modares University.

 

Ca simple Ca.X adipic acid Ca.X sebacic acid 

Li simple Li.X adipic acid Li.X sebacic acid 

Figure 1. Prepared samples of Calcium and Lithium simple and complex greases

 

 

(a) (b) 
 

Figure 2. (a)The dropping point test apperatus defined by ASTM D566, (b) the oil separation test apparatus defined by ASTM D6184

3. Results and discussion
3.1. Dropping point

The properties of six samples are listed in 
Table 1. The dropping point of Calcium simple 

grease is 148℃, as expected, and complex 
greases are above 250℃. That means both 
adipic acid and sebacic acid lead to form 
complex soaps. In addition, according to 
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sample 4 in Table 1, using acetic acid is the the 
determinant of forming the complex network 

of fibers; otherwise, it becomes fluid.

Table 1. Physical properties of grease samples

 

No. grease type 
Complexing  

agent 

%thickener 
 

 (in total weight of 
the grease) 

Dropping point 
(℃℃) 

 
ASTM D566 

texture 

1 Calcium simple - 32 148 smooth-fibrous 

2 Cacium complex adipic acid+acetic acid 32 >250 smooth 

3 Calcium complex sebacic acid+acetic acid 32 >250 smooth 

3’ Calcium complex 
adipic/sebacic acid 
 without acetic acid 

  - - fluid 

4 Lithiuim simple - 32 190 smooth 

5 Lithium complex adipic acid 32 >250 smooth 

6 Lithium complex sebacic acid 32 >250 smooth 

60-80% of the thickener components have 
made adsobtion bonds with the oil in a three 
dimensional network while there is a portion 
of oil which is mechanically trapped. 60-80% 
of the dispersion medium is held in the cells 
of the three-dimensional grease skeleton 
by adsorption bonds, and the remaining 
part, mechanically [11]. The Lithium simple 

grease shows a higher dropping point than 
the Calcium simple one. This difference is 
guessed to be due to the phase transition 
point of the soaps as the thickener network 
component. The heat resistance qualities of 
greases, such as their dropping point, depend 
on the decomposition point of the thickener 
network component. [9]. 

Table 2. Results of the oil separation and copper corrosion tests

 
No. grease type 

Complexing  
agent 

Oil separation (%) 
 

ASTM D6184 

Copper corrosion 
(100℃℃, 24hr) ASTM 

D4048 

1 Calcium simple - 0.007143 1a 

2 Cacium complex adipic acid+acetic acid 0.020548 1a 

3 Calcium complex sebacic acid+acetic acid 0 1a 

4 Lithiuim simple - 0 1a 

5 Lithium complex adipic acid 0 1b 

6 Lithium complex sebacic acid 0 1a 

3.2. Oil separation
The oil separated from grease samples is 

reported in weight percent in Table 2. It shows 
the stability of the product within the storage. 
No oil drops were observed from Lithium 
simple and complex greases. On the other 

hand, Calcium simple and complex with adipic 
acid showed 0.007143% and 0.007143% oil 
separated from the total mass of the sample, 
respectively. It is suggested that the reason for 
this separation is the difference in fiber length 
of the thickeners. Longer fiber length leads to 
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a stronger van der Waals force between the oil 
and the thickener components. As a result, the 
capability of retaining oil in the network will 
increase. The fiber length of Lithium soap is 
inherently 25 times longer than Calcium one.

3.3. Copper corrosion	
The results of the test based on 

ASTM-D4048 are displayed in Table 2. As it is 
obvious, the only sample causing corrosion is 
the Lithium complex grease with adipic acid; 
otherwise, no alteration in the color of the 
stripe has been observed. An excess amount 
of Lithium hydroxide presented during the 

synthesis was suspected to be the cause of 
corrosion observed in the Lithium sample.

3.4. Apparent viscosity
The viscosity change within a temperature 

range of 80℃ to 180℃ with the shear rate 
of 50 sec-1 is shown in Figure 3. The viscosity 
of the complex samples is above the simple 
one. This amount for simple and complex 
Calcium grease by adipic acid substantially 
decreased after the temperature of 90℃, 
although this variation for Calcium complex 
with sebacic acid is smooth, that it reached 
from approximately 1200 mPa.s to 254 mPa.s. 

The amount of viscosity for Lithium simple 
and complex sample with sebacic acid at 
initial and final temperatures of 80℃ and 
180℃ are reported as 5370-3240, 6400- 3900 
mPa.s, respectively.

As it is obvious, the curves of Lithium 
simple and Li.X with sebacic acid are above 
the Ca sample. According to the relation 
between fiber length and viscosity[Ref], it can 
be stated that the variation in viscosities is 
due to the variation in fiber lengths. Lithium 

soap fibers are 25 times longer than Calcium 
soap fibers inherently [2,13]. Longer fibers 
of Lithium soap result in stronger interaction 
between components and consequently 
higher amount of viscosity in comparison to 
the Calcium complex sample. Besides, the 
solubility has an inverse relation with viscosity, 
as the solubility falls with an increase in the 
viscosity[12]. In conclusion, shorter fibers and 
a higher amount of solubility of Calcium soap 
result in a decrease in its viscosity compared 

 

Temperature [C]

A
pp

ar
en

tv
is

co
si

ty
[m

Pa
.s

]

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170

1000
2000
3000
4000
5000
6000
7000
8000
9000

10000
11000
12000
13000
14000
15000
16000

Li.X sebacic acid
Li simple
Ca.X sebacic acid

Figure 3. Apparent viscosity-Temperature curves of Lithium and Calcium greases
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to Lithium soap. The softer structure of 
Calcium complex grease with a high dropping 
point makes it proper for high-speed bearing 
at high temperature conditions.

As the temperature rises, the interaction 
between oil and the thickener components 
weakens and makes the grease flow 
more easily [14]. Any factor that varies 
this interaction might change in viscosity 
performance. Li.X sample performed more 
viscose compared to the Lithium simple.

Also, a structure with less amount of high 
thermal components in Lithium simple grease 
is easily broken down at high temperatures 
in comparison to Lithium complex which its 
network contains sebacate salt with high 
decomposition temperature.

4. Conclusion
In the present work, we developed a 

Calcium complex grease to improve the 
thermal stability of Calcium simple grease, 
using medium-chain dibasic acids as 
complexing agents, and comparing the termal 
and theological properties with Lithium 
simple and complex grease. According to the 
results of the dropping point and the viscosity 
tests, it can be concluded that:
•	 the Calcium simple grease, which is an 

economical product but with low operating 
temperaute about 90℃, can be replaced 
by Calcium complex grease, which has 
the dropping point of above 250℃ and 
acceptable viscosity at 180℃.

•	 according to the viscosity-temperature 
curves, the Calcium complex grease 
containing sebacic acid could perform 
more resistantly at high temperatures, 
that is because of the more compatibility 
of 10-carbon chain with oil compared to 
the 6-carbon chain of adipic acid.

•	 Calcium complex grease by sebacic acid 
could reach to a high dropping point and 
can resist at high temperatures.

•	 Calcium complex grease with a high 
dropping point operates softer than 
Lithium complex grease, so it is more 
appropriate for high-speed bearings.
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چکیده مشخصات مقاله

متشکل  و  دارد  ژلی  که ساختار  است  نیمه جامد  کننده  روان  یک  گریس 
های  گریس  اند.  گرفته  قرار  پیچیده  های  لایه  در  که  است  صابونی  الیاف  از 
کلسیمی یکی از مقرون به صرفه ترین محصولات هستند، اما در دماهای بالا 
 ۹۰ ℃ پایداری حرارتی پایینی دارند، به عنوان مثال، دمای کاری آن حدود 
و  کلسیمی  کمپلکس  گریس  پژوهش  این  در  است.   ۱۴۸  ℃ ریزش  نقطه  و 
حرارتی  عملکرد  به  تا  شده  سنتز  اسید  سباسیک  و  اسید  آدیپیک  با  لیتیمی 
کمپلکس،  های  نمونه  ریزش  نقاط  که  دهد  می  نشان  نتایج  برسیم.  بالاتری 
منحنی‌های  رئولوژیکی،  ویژگی‌های  بررسی  برای  است.   ۲۵۰  ℃ از  بالاتر 
ویسکوزیته-دما مورد مطالعه قرار گرفته‌اند که نشان می‌دهد مقدار ویسکوزیته 
اسید  با  کلسیمی  کمپلکس  و  کمپلکس،  و  ساده  لیتیمی  های  گریس  برای 
گزارش  زیر  شرح  به   ۱۸۰  ℃ و  نهایی℃۸۰  و  اولیه  دماهای  در  سباسیک 
می‌شود: به ترتیب mPa.s ۲۵۳-۱۲۰۰ ،۳۹۰۰-۶۴۰۰ ،۳۲۴۰-۵۳۷۰. گریس 
لیتیمی  کمپلکس  گریس  از  تر  نرم  بالا،  ریزش  نقطه  با  کلسیمی  کمپلکس 
است.. تر  مناسب  بالا  سرعت  با  های  بلبرینگ  برای  بنابراین  می‌کند،  عمل 
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