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TG and DSC techniques proved useful in the study of the thermal properties of lithium 
stearate, lithium 12-hydroxystearate and related greases. Under an inert atmosphere, the 
stearates decompose into the oxalate prior to the formation of the carbonate. For the related 
greases, oil degradation-volatilization shows a discontinuity under ambient conditions, because 
of oxidation and carboxylic acid formation. The atmosphere "and the concentration of the soap 
affect the chemical kinetics of thermal decomposition of the stearates and the greases. 

The use of thermoanalytical methods in the study and the characterization of 
petroleum products is receiving increasing interest, as they furnish quick data on the 
stability of these products that are important for application purposes and for 
design and operation requirements [1, 2]. 

Lubricating greases which are petroleum-derived products are defined as a solid 
to semi-fluid dispersion of a thickening agent in a liquid lubricant [3]. The majority 
of thickeners are metal soaps of long-chain fatty acids. The predominant acid 
radicals in the metal soaps are stearate and 12-hydroxystearate. The preference for 
the use of these types of thickeners is due to the fact that greases containing such 
soaps have exceptional properties [3]. The liquid lubricants which contribute 80 to 
95% of the composition are mostly solvent-refined mineral oils. 

Various thermoanalytical techniques are employed to study lubricating greases. 
These include differential thermal analysis and thermogravimetry [4, 5]. The 
thermal stability of greases is usually governed by the metal soap content and the 

type of soap used [5]. 
In the present work, differential scanning calorimetry and T G  techniques are used 

to study the thermal properties of lithium stearate (LS) and lithium 12- 
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hydroxystearate (LOHS), as well as related greases. The study involved a kinetic 
approach to account for the influence of the atmosphere and the concentration of 
the thickeners on their thermal behaviour. 

Experimental 

Materials: Commercial lithium stearate and lithium 12-hydroxystearate of 97% 
purity were obtained from a local refinery, The lubricating oil of grade 60 low 
viscosity index (LVI) was obtained from the same refinery. Lubricating greases 
containing 5, 10 and 15 wt.% of the thickener were prepared at elevated 
temperatures (200 ~ by dissolving the individual soap in the grade 60 LVI oil. The 
greases were thoroughly homogenized prior to investigation in the thermal 
analyser. The homogeneity of a sample was checked by the reproducibility of the 
thermal curves. Thermal analysis: The TG, DTG and DSC measurements were 
carried out on a Heraeus TA 500 thermal analyser. TG experiments required 5- 
8 mg samples, which were placed in platinum crucibles and heated at a rate of 
20 deg min- 1 under static air or dynamic nitrogen atmospheres, using a flow rate of 
N 2 of 50 ml min-~. For the DSC measurements, samples weighing 3-6 mg were 
placed in aluminium dishes and heated at a rate of 10 deg min- t under static air or 
N2 atmospheres. The reference cell was left empty. Pure tin was used in calibrating 
the thermal analyser. 

Results and discussion 

Thermal analysis of IS: 

The DSC curves of LS are complex and are very dependent on the atmosphere of 
heating. The soap undergoes a phase transition in the solid state, between 97 and 
115 ~ , with maximum peak temperature at 108 ~ . Another two transitions occur 
between 180 and 230 ~ with maxima at 200 and 227 ~ under N2, and at 213 and 229 ~ 
under ambient atmosphere. The first transition (108 ~ is endothermic, regardless of 
the nature of the atmosphere, whilst the last two depend greatly on the atmosphere 
(Fig. 1). Recently, Montmitonnet et al. [6] reported that the enthalpy and the peak 
temperatures of these transitions are dependent on the experimental conditions. 
They were able to detect a new phase of LS through successive heating andcooling 
cycles. The dependence of the thermodynamic nature of the last two changes on the 
atmosphere assumes chemical structural changes, rather than simple physical 
change. The last process is accompanied by a relatively small weight loss (Fig. 2). 
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Fig. l DSC curves of lithium stearate under air ( - - )  and N 2 ( - - - )  
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Fig. 2 TG a n d  D T G  curves o f  l i t h i u m  steara te  u n d e r  a i r  ( ) and N z ( - - - )  

LS undergoes oxidative degradation between 230 and 360 ~ under a static 
atmosphere and the process is highly exothermic. Under nitrogen, the process is 
endothermic and occurs between 230 and 415 ~ The major degradation takes place 
beyond 415 ~ where two distinct endothermic processes could be observed in the 
DSC curve recorded under N2. The degradation under the static atmosphere was a 
series of combustion steps. The data extracted from the TG curves (Fig. 2) indicated 
that the process leads directly to the carbonate at temperatures higher than 545 ~ On 
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the other hand, lithium oxalate was a possible product under the inert atmosphere. 
The oxalate decomposes to the carbonate at 550 ~ 

A computer programme [7, 8] was used to estimate the kinetic parameters of the 
main decomposition process of LS using the TG data. The results are given in Table 

Table I Kinetic parameters of thermal decomposition of 
lithium stearate and lithium 12-hydrox~stearate 

Parameter 
LS LOHS 

N 2 Air N 2 Air 

n 1.81 1.78 0.75 0.70 

Ea, 
kJ tool -1 195.4 229.5 46.7 49.1 

log z 19.51 20.92 6.04 6.07 
R 0.9914 0 .9953  0 . 9 9 7 5  0.9987 

R = correlation coefficient 
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Fig. 3 DSCcurves oflithium 12-hydroxystearate under air ( - - )  and N 2 ( - - - )  

1. It is clear from the Table that the decomposition of LS is a second-order reaction, 
regardless of the nature of the atmosphere. The activation energy attains a value 
that is 20% greater under the oxidizing atmosphere, because of the expected 
interaction of the gaseous products with oxygen. 

Thermal analysis of LOllS: 

The soap dehydrates slowly between 110 and 170 ~ under both atmospheres and 
loses ~ 1.5% of its bulk weight. The process is slightly endothermic (Fig. 3). The 
dehydration is succeeded by slow melting in the range 170-218 ~ . The thermal 
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decomposition occurs in three partially overlapping exothermic steps under 
ambient atmosphere, at 244-397, 397-450 and 450--550 ~ . The steps involve weight 
losses of 15.6, 21.3 and 49.9~o, respectively. Under nitrogen, the degradation follows 
an identical route, but the three steps are further segmented and appear as several 
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Fig. 4 TG and DTG curves of lithium 
12-hydroxystearate under air 
( ) and N 2 ( - - - )  
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Fig. 5 TG and DTG curves of 60 LVI 
oil under air ( - - ) a n d  N 2 ( - - - )  

steps slower in rate than those recorded under air. The last step in particular 
undergoes a discontinuity at 552 ~ demonstrating the formation of  lithium oxalate 
prior to the final decomposition the carbonate (556-612~ 

Similarly, the data extracted from the TG curves (Fig. 4) of the whole 
decomposition reaction were employed to estimate the kinetic parameters. The 
results are given in Table 1. 

Thermal behaviour of the greases: 

The TG curves of the base oil are shown in Fig. 5. It is clear that the oxidative 
atmosphere causes the oxidation of the oil, and carboxylic acids are formed. This 
can be the reason for the discontinuity in the oil volatilization under a static 
atmosphere in comparison with the inert conditions. This difference in thermal 
behaviour also affected the kinetic parameters, where a noticeable change of the 
reaction order occurs (Table 2) due to the expected contribution of oxygen to the 
overall rate equation. 

J. Thermal Anal. 30, 1985 



592 BARBOOTI, AL-SAMMERRAI: THERMOANALYTICAL INVESTIGATIONS 

Am 

5~Io 

15"/, 

I l l l l l  
2 ~  

_~ 0,4 m9 

400 600 
Ternperclture ,~ 

Fig. 6 TG curves of lithium stearate greases 
under air ( ) and N2 ( - - - )  
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Fig. 7 TG curves of lithium 12-hydroxystearate 
greases under air ( - - )  and N2 ( - - - )  

Table 2 Kinetic parameters of thermal 
degradation-volatilization of 60 
LVI oil 

Parameter N 2 Air 

n 1.6 0.9 
E~ kJ mol-  1 62.7 60.7 

log Z 10.18 8.22 
R * 0.9959 0.9916 

�9 R is the correlation coefficient 

The main feature of the TG curves of the studied greases (Figs 6 and 7) was the 
volatilization of the base oil, which begins slowly at 140 ~ , and the weight loss 
becomes ~ 1.5% at 200 ~ The rate of weight loss becomes appreciable above this 
temperature and reaches a maximum at 332 ~ (DTG peak max.). The process was 
slower under the inert conditions and attained the maximum rate at 350 ~ . Similar 
observations on a variety of lubricating greases led us to use the TG data obtained 
under the inert atmosphere to estimate the content of the base oil [5]. The oxidative 
atmosphere, however, causes the rapid oxidative volatilization of the oil and lowers 
the temperature of the maximum rate from 355 down to 330 ~ The resulting material 
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TIblr 3 Kinetic parameters of lithium stearate greases 

593 

5% soap 10% soap 15% soap 
Parameter 

N2 Air N2 Air N2 Air 

n 0.98 0.97 0.78 0.31 1.01 0.51 

Ea, kJ mol- 1 76.2 68.5 57.9 54.4 55.9 65.6 
log Z 9.64 9.44 7.77 7.25 8.23 8.15 

R* 0.9979 0 . 9 9 0 7  0 . 9 9 8 6  0 . 9 9 8 1  0 . 9 9 9 0  0.9968 

* R is the correlation coefficient 

Table 4 Kinetic parameters of lithium 12-hydroxystearate greases 

5% soap 10% soap 15% soap 
Parameter 

Nz Air N2 Air N2 Air 
n 1.14 1.39 0.81 0.14 0.84 0.50 

Eo, kJ mol- 1 60.3 74.9 54.3 48.3 56.9 63.7 
log Z 9.02 11.03 7.63 6.47 8.11 8.48 

R* 0.9974 0 . 9 8 9 9  0 .99 9 1  0 . 9 9 7 3  0 . 9 9 8 8  0.9989 

* R is the correlation coefficient 
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Fig. 8 Plot of kinetic compensation effect 

is a complex mixture of freshly-formed carboxylic acids and the already existing 
soap. The lithium soap did not alter the thermal characteristics much. Figures 6 and 
7 indicated that the volatilization of the oil ends smoothly at 475 ~ Beyond 416 ~ the 
TG signals of the greases represent the sum of the effects, the volatilization of the oil 
and the initial decomposition of the soaps. Calculations of the oil contents of the 
greases in this case lead to erroneous results unless corrections are made lor the 
amount of soap decomposition. 
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The principal step in the TG curves was studied kinetically to establish the 
influence of the increasing concentration of the two soaps on the thermal behaviour 
of the oil. The kinetic parameters of the volatilization of the greases are listed in 
Tables 3 and 4. A noticeable change of reaction order can be seen because of the 
presence of LS in the oil at the percentages studied. The effect of LOHS depends on 
its percentage in the oil. The Tables show that the influence of the two soaps on the 
activation energy is low. 

The significance of the kinetic treatment of these observations can be tested by 
estimating the parameters of the compensation effect, a and b. The usual procedure 
is to plot the pre-exponential factor against the activation energy. Figure 8 shows 
the compensation effect for the thermal behaviour of the oil and the lithium greases. 
The parameters of the compensation law [9]: 

logz = aE,,+b (1) 

were calculated from the plot and found to be 

a = 0.1416 mol. kJ- 1 and b = -0.8. 

These values compare well with the published ranges of compensation parameters 
[10]. The kinetics of the thermal volatilization of lithium greases are governed by a 
linear compensation law of type (1). 
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Z a m m m e a f ~  - -  TG- und DSC-Techniken haben sich als nfitzlich I'fir die Untersuchung der 
thermiseben Eigenschaften yon Lithiumstearat, Lithium-12-hydroxystearat und der entspreehenden 
Schmierfette erwiesen. In inerter Atmosphare zersetzen sich die Stearate fiber Oxalate als 
Zwisehenprodukt zu Carbonaten. Under Umgebungsbedingungen verliuft die r 
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Vertlfichtigung der entsprechenden Schmierfette wegen der Oxydation und der Bildung yon 
Carboxyls/iure diskontinuierlich. Atmosphere und Konzentration der Seife bceinflusscn die Kinetik der 

thermischen Zersetzung der Stearate und der entsprechenden Schmierfette. 

Pe3mMe - -  lqoraaaao npaMeHeHHe MeTO~IOB TF a ~CK ~ a  n3yqeuna TepMHqeCKHX CBOI4CTB cTeapaTa 
~aTaa, 12-oxcncTeapaTa anTna n pO~CTaeHablX xnpoa. B mu~pTnofi aTMOCq~epe cTeapaTbl pa3aaramT- 
ca ~0 oxcaaaToB, npeamecTaymmnx o6paaoaaamo rap6oHaToa. B c~yqae x~npoB npoueccu 
paaaoxenua a y~eTyqnaanna Macea npoTexamT uenpcpbmno, ac~eacTaan ogncaeaaa ~ o6pa3oaaan~ 
xap6onoaofi KHCJ1OTbl. Tan aTMOCqbepb114 KonUeaTpallHfl Mblfta 3aTparnaaroT XnMnqecRyl-o rnne'rary 
TCpMHq~I(OFO pa3~iox~eaua cTeapaToa n ~npoa. 

J. Thermal Anal. 30, 1985 


