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Abstract 
 
Small amount of lauroyl glutamine was incorporated into HVI 350 mineral lubricating oil and the biode-
gradabilities of neat oil and the formulated oil in soils were evaluated. Thereafter, the biodegradation rate 
equations for the two lubricating oils were simulated based on the exponential model. The results indicated 
that lauroyl glutamine effectively promoted biodegradation of HVI 350 mineral lubricating oil. Under given 
test conditions, the exponential model well fitted the biodegradation of lubricating oils in soils. The biodeg-
radation rate equation for HVI 350 mineral lubricating oil can be described as ln(St/S0) = –0.0155t, while that 
for the oil formulated with lauroyl glutamine as ln(St/S0) = –0.0235t. The biodegradation half-lives of neat oil 
and the formulated oils were 44.72 days and 29.50 days, respectively. 
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1. Introduction 
 
It has been known that environmental pollution caused 
by petroleum-based lubricants is severe due to their in-
herent toxicity and non-biodegradable nature [1]. During 
the last decades, the increased public attention and the 
awareness of protection of the environment have stimu-
lated the development of lubricants that show more or 
less compatibility with the environment, and environ-
mental compliance of lubricants has become a topic of 
interested research [2-6]. The ecologically responsive 
technology and lubricant design seek to meet both per-
formance and environmental needs, to harmonize the 
technical performance and the ecological requirements. 
The key issue in formulating biodegradable lubricants is 
the choice of reliable base oils and suitable performance 
additives. Nowadays, many base fluids such as vegetable 
oils and synthetic esters have found practical applications 
in the formulation of biodegradable lubricants because of 
their excellent biodegradability and non-toxicity [7-9]. 
On the other hand, the development of alternatives to 
conventional lubricant additives such as ZDDP has also 
been a subject of significant interest, mainly due to envi-
ronmental concerns arising from S, P and metal atoms of 
the additives [10]. As we know, petroleum-based lubri-
cants, which consist predominantly of hydrocarbons and 

subsidiarily of additives which are often environmentally 
hazardous, are the most commonly used lubricants of 
today and will presumably continue to play their impor-
tant roles in the future lubrication applications. Even 
though choice of mineral base oils in biodegradable lu-
bricant formulations has as far never been recommended, 
improvement of their environmental safety such as better 
biodegradability and development of greener additives 
are indeed indispensable. 

Many amino acids have been known to be ready bio-
degradable and low eco-toxic, and have been described 
as being environmentally friendly. Amino acids such as 
lauroyl glutamine are known to be nutriments for mi-
crobes and, if incorporated into an unreadily biodegrad-
able lubricant, are expected to be capable of promoting 
microbial production and increasing microbial popula-
tions, thus improving biodegradability of the lubricant. 
Furthermore, lauroyl glutamine is a bio-surfactant. As a 
lubricant additive, it may adsorb on or react with tribo-
mates to act as a friction and wear reducer, fortifying 
anti-wear and friction-reducing abilities of the lubricants 
in the tribological processes as a result [11]. In the pre-
sent paper, the effect of lauroyl glutamine on biodegra-
dation of a mineral lubricating oil was reported. The 
biodegradation kinetics of lubricating oils in soils was 
also preliminarily studied.  
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2. Experimentals 
 
2.1. Materials 
 

HVI 350 mineral lubricating oil: A well refined petro-
leum-based paraffinic lubricating oil whose kinematic 
viscosity at 40˚C is 98.16 mm2/s. 

Lauroyl glutamine (named as L-Glu): A readily bio-
degradable amino acid prepared by the authors. 

Soil specimen: Obtained from under the earth’s sur-
face of about 15 centimeters and screened out with a 
sizer 1 mm in pore diameter. 

 
2.2. Biodegradation Test 
 
For evaluating the effect of lauroyl glutamine on bio-
degradation of mineral lubricating oils, 0.5% mass per-
cent of lauroyl glutamine was incorporated into HVI 350 
mineral lubricating oil. Thereafter, a certain amount of 
the neat oil and the lauroyl glutamine-doped oil were 
well blended with the soil specimens, respectively. The 
soils with the neat oil and with the formulated oil were 
then ready for biodegradation tests. In the present study, 
three specimens for both the neat oil and the formulated 
oil in soils were prepared, respectively, for parallel bio-
degradation tests. The biodegradation tests for the total 
six oil-containing soil specimens were conducted simul-
taneously at room temperatures under the simulated en-
vironmental conditions by continuously pumping air into 
the soils at the rate of about 15 L/min. while keeping 
water contents of the soils at about 25%.  

After certain biodegradation durations, viz. 0 day, 2 
days, 5 days, 10 days, 15 days and 20 days, the total re-
sidual concentrations of oils in soils were determined and 
the biodegradability of the neat oil and the formulated oil 
in each soil specimen after each duration was calculated 
by the equation given bellow: 

0

0

100%t
t

S S

S



               (1) 

where t  is the biodegradability of an oil at time t; 0S  
is the initial concentrations of an oil in soil (mg·g-1); tS  
is the residual concentrations of an oil in soil after t days 
of biodegradation (mg·g-1). The detailed procedures for 
determining residual oil concentrations after t days of 
biodegradation are as follows. 

For each oil-containing soil specimen, a 10-gram soil 
sample was taken out and put into an Erlenmeyer flask 
with stopper. Then, 50 mL of chloroform (CHCl3) as an 
extracting agent were added into the soil sample with 
mild stirring and the flask was then allowed to stand 
overnight. Thereafter, the flask was heated in a water 
bath of 50~55˚C for about 1hour, and the extractant was 

then pump-filtered into an accurately weighed beaker. 
The soil residue was further extracted with 25 mL of 
CHCl3 twice following the likewise procedures and the 
extractant was filtered into the beaker along with the 
others. After extraction, the beaker was heated in a water 
bath of 50~55˚C in a ventilating hood to remove CHCl3, 
and then dried in an oven of 60~75˚C for 4 hours. After 
cooling to room temperatures, the beaker was again ac-
curately weighed. The weight increase of the beaker was 
consequently the amount of the total residual oil in the 
soil sample. Therefore, tS , the residual concentrations 
of an oil in soil after t days of biodegradation, was ob-
tained by dividing the amount of the residual oil with the 
amount of the soil sample. The average values of tS  for 
both the neat oil and the formulated oil were reported in 
this paper. 
 
3. Results and Discussion 
 
3.1. Effect of Lauroyl Glutamine on  

Biodegradability of Lubricating Oil 
 
Table 1 shows the variation of the residual concentra-
tions of oil in soil and the biodegradability of lubricating 
oils with durations. 

It can be seen from Table 1 that, after each tested du-
ration, viz. 2 days, 5 days, 10 days, 15 days and 20 days, 
the total residual concentrations of the oil formulated 
with lauroyl glutamine were much lower than those of 
the neat oil in soils. This indicated that lauroyl glutamine 
acted as a biodegradation accelerant and thus effectively 
enhanced biodegradability of HVI 350 mineral lubricat-
ing oil. 

As we know, biodegradability is not an exact property 
or characteristic of a substance, but is also a system’s 
concept, i.e. a system with its conditions determines 
whether or not a substance within it is biodegraded. 
Studies have shown that many compounds such as 
phosphorous and nitrogenous ones, are highly effective 
in promoting hydrocarbons to biodegrade, and have been  
successfully employed in the bio-remediation of petro-
leum polluted areas such as water and soil [12-14]. Pro-
motion of biodegradation of a mineral lubricating oil by 
 
Table 1. Variation of residual concentrations of oil in soil 
and biodegradability of lubricating oils with durations. 

HVI 350 HVI 350 + L-Glu 
t / d 

S t /mg•g-1 t /% S t /mg•g-1 t /% 

0 
2 
5 

10 
15 
20 

50.4 
49.1 
47.9 
44.6 
41.2 
37.2 

 
2.58 
4.96 
11.51 
18.25 
26.19 

51.2 
46.2 
42.7 
39.6 
34.7 
29.9 

 
9.77 

16.60 
22.66 
32.23 
41.60 
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lauroyl glutamine is thus evidentially doable. 
 
3.2. Simulation of Biodegradation Kinetics 
 
It has been known that the biodegradation rate of many 
organic substances can be well fitted by the exponential 
model [15]. Therefore for biodegradation of lubricating 
oil in soil, the exponential function ( ) (0) ktS t S e satis-
fies the linear differential equation: 

dS
kS

dt
                    (2) 

where S  is the oil concentration and k  is the biodeg-
radation rate constant. 

Saying that the biodegradation rate of S  at time t  
is proportional to the value of tS , and it has the initial 
value 0S , the differential equation is solved by the 
method of separation of variables: 

t

t

dS
kdt

S
                   (3) 

Integration of the Equation (3) and incorporation of 
the initial value gives: 

0

ln tS
kt

S

 
  

 
                (4) 

Based on the Equation (4) and the biodegradation test 
results given in Table 1, the biodegradation kinetics of 
HVI 350 lubricating oil and the oil with lauroyl gluta-
mine can be regressed. Table 2 shows the variations of 
the contents of lubricating oils in soils and the natural 

logarithms of 
0

tS

S
 with biodegradation durations. 

Figure 1 and Figure 2 show the regression curves of 
biodegradation rate equation for HVI 350 lubricating oil 
and the oil with lauroyl glutamine, respectively. 

It can be seen from Figure 1 and Figure 2 that the re-
gression curves for biodegradation rates of both neat oil 
and the formulated oil are well linearized, as indicates 
that the biodegradation of lubricating oils in soils can be 
well simulated by the exponential model. The slopes of 
 
Table 2. Variations of contents of lubricating oils in soils 
and ln(St/S0) with durations. 

HVI 350 HVI 350 + L-Glu 

t /d
St /mg•g-1

0

ln tS

S

 
 
 

 St /mg•g-1

0

ln tS

S

 
 
 

 

0 
2 
5 
10 
15 
20 

50.4 
49.1 
47.9 
44.6 
41.2 
37.2 

 
–0.0261 
–0.0509 
–0.1223 
–0.2016 
–0.3037 

51.2 
46.2 
42.7 
39.6 
34.7 
29.9 

 
–0.1028 
–0.1815 
–0.2569 
–0.3890 
–0.5379 

 
Figure 1. Regression curve of biodegradation rate equation 
for HVI 350. 
 

 
Figure 2. Regression curve of biodegradation rate equation 
for HVI 350 with lauroyl glutamine. 
 
the regression lines, which correspond to the biodegrada-
tion rate constants, k , are 0.0155 mg·g-1·d-1 for HVI 350 
lubricating oil and 0.0235 mg·g-1·d-1 for the formulated 
oil, respectively. Therefore, the biodegradation rate 
equations for neat oil and the formulated oil can be ob-
tained as given in Equations (5) and (6), respectively. 

0

l 0 15n .0 5t t
S

S

 
  

 
              (5) 

0

0.023ln 5t t
S

S

 
 

 
               (6) 

Based on the Equations (5) and (6), the biodegradation 
half-life, 1 2t , for neat oil and the formulated oil can 

also be calculated. In the present test, the half-life is nu-

merically equal to 
ln 2

k
 and is 44.72 days for neat oil 

and 29.50 days for the formulated oil, respectively. 
 

4. Conclusions 
 
Based on the results given above, the following conclu-
sions can be drawn. 

Lauroyl glutamine as a green additive effectively ac-
celerated biodegradation of non-biodegradable mineral 
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lubricating oils such as HVI 350 oil. Under given test 
conditions, the biodegradation of HVI 350 lubricating oil 
and the oil formulated with lauroyl glutamine can be well 
simulated by the exponential model. The biodegradation 
kinetics for HVI 350 mineral lubricating oil can be 

expressed by the rate equation of 
0

l 0 15n .0 5t t
S

S

 
  

 
, 

while that for the oil formulated with lauroyl glutamine 

by 
0

0.023ln 5t t
S

S

 
 

 
 . The biodegradation half-lives of 

neat oil and the formulated oils were 44.72 days and 
29.50 days, respectively. 
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