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Abstract

The primary biodegradability of two types of paraffinic base oils (solvent and catalytically dewaxed oils) and their
blends was evaluated using the CEC L-33-A-93 test. The biodegradability values varied between 10% and 75%.
Base oil mixtures displayed varying contents in aromatic and polar compounds and a wide range of kinematic
viscosity (KV) values, from roughly 10 to 600 cSt (at 40 °C), while their viscosity indices were almost constant
(90-100). The biodegradability of oils was closely related to their content in polycyclic aromatic hydrocarbons
and was also decreasing with kinematic viscosity. For the two types of base oils, a linear relationship could be set
between the biodegradation percentages and the logarithms of KV values. These results show that, beside overall
chemical features such as the contents in aromatic compounds, KV may be a prominent parameter for assessing
the primary biodegradability of mineral base oils.

Abbreviations: B — biodegradability, CDW — catalytically dewaxed, KV — kinematic viscosity, PAHs — polycyclic

aromatic hydrocarbons, SDW — solvent dewaxed, VI — viscosity index

Introduction

Significant amounts of lubricants are lost in the en-
vironment, particularly in environmentally sensitive
applications, such as forestry and mining (Van Donke-
laar 1990) or through engine losses (Voltz et al. 1995).
Lubricants are essentially composed of one or more
base oils which represent at least 85 percent of the
formulation. These base oils are in general of mineral
origin, i.e., they are produced from petroleum crude
by various processing steps.

Biodegradation is the main process by which oil
products are removed from soil and water compart-
ments (Leahy & Colwell 1990; Cornish et al. 1993).
Therefore, there is a growing concern in improving
the biodegradability of lubricants to minimize their
environmental side effects. Although the low biode-
gradability of mineral base oils is well known, data
on this biodegradability are relatively scarce (Basu et

al. 1998; Battersby et al. 1992; Battersby & Morgan
1997; Novick et al. 1996; Voltz et al. 1995). The re-
lations between oil (physical and chemical) properties
and their biodegradability have also been little studied.
Among the physico-chemical characteristics of lubric-
ants, however, viscosity is known to have an important
impact on biodegradability (Amund & Adebiyi 1991;
Carpenter 1994; Willing 1999), which is attributable
to bioavailability effects and structural factors, but this
impact has never been quantified.

In the present study, we have investigated the
primary biodegradability of two types of mineral (par-
affinic) base oils and their blends. The biodegradab-
ility test used was CEC L-33-A-93 test (CEC 1995),
initially developed for two-stroke outboard engine lub-
ricants but subsequently applied to a large variety of
oil products. The biodegradability values of the tested
base oils and oil mixtures have then been compared to
their viscosity parameters.
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Materials and methods
Oils

Mineral base oils were obtained from Mobil Oil
Corporation. They included solvent dewaxed base
oils (SDW oils), i.e., solvent extracted and solvent
dewaxed vacuum distillates, and catalytically dewaxed
base oils (CDW oils), i.e., solvent extracted and cata-
lytically dewaxed vacuum distillates. Blends of oils
belonging to the same family were carried out to
obtain a wide range of viscosities.

Determination of the physical properties of base oils

Kinematic viscosities (KV) were determined at 40 °C
and 100 °C according to the ASTM standard D 445
(ASTM 1997) using a Cannon Automatic Viscometer
CAV3. The time was measured for a fixed volume
of liquid to flow under gravity through a capillary.
KV values were obtained by multiplying the measured
flow time by the calibration constant of the viscometer.
Viscosity indices (VI) were calculated from KV values
at40 °C and 100 °C as specified in the ASTM standard
D 2270 (ASTM 1993). Briefly, calculations involved
the KV values at 40 °C of two reference oils having
(arbitrary) VI values of 0 and 100, respectively, and
the same KV value at 100 °C as the tested oil (Moore
et al. 1997).

CEC L-33-A-93 biodegradability test

The primary biodegradability of oils was obtained us-
ing CEC L-33-A-93 test (CEC 1995). In this test,
biodegradability is assessed by monitoring the loss of
infrared absorbance at a wavelength of 2930 cm™!
(CH,—CHs3 band) in solvent extracts from inoculated
flasks and that occurring in uninoculated poisoned
controls. The absorption values are used to calculate
the residual oil contents of the poisoned and test flasks.
Biodegradability is expressed in % as the difference in
residual oil contents between the poisoned flasks and
the respective test flasks.

CEC L-33-A-93 tests were performed in triplicate.
The inoculum was a coarse-filtered secondary (final)
effluent from Notre-Dame de Gravenchon (France)
sewage treatment plant. Infra-red spectroscopic grade
1,1,2-trichloro-1,1,2-trifluoroethane (Merck) was used
as the solvent for test and reference materials and as
the extractant. The maximum absorption of CH,— and

CHj3- bonds was measured using a Perkin Elmer 1760
FTIR spectrometer.

Contents in aromatics and polars

Oil contents in total aromatics, polycyclic aromatic
hydrocarbons (PAHs) and polar compounds were de-
termined by UV spectrometry following a proprietary
procedure developed by the Mobil Oil Co.

Results and discussion

The primary biodegradability values of mineral base
oils and their blends were between 10% and 75%
(Table 1), i.e., below the commonly accepted
European standard of 80% required for environment-
ally acceptable lubricants (Battersby & Héry 1998).

For the two types of base oils, biodegradability
decreased as the oil content in PAHs and polar com-
pounds increased. This relationship was quasi linear in
the case of PAHs (Figure 1). The low biodegradability
of aromatic and polar compounds is well documented
(Cerneglia 1993; Gibson & Subramanian 1984; Riis et
al. 1996). The correlation did not hold for monoaro-
matics, i.e., total aromatics minus PAHs in Table 1
(SDW oils, 2 =0.15; CDW oils, r2 =0.72). Monoaro-
matics are known to be more susceptible to microbial
attack than PAHs (Walker et al. 1975).

Mineral base oils and their blends displayed a wide
range of KV values, from roughly 10 to 600 cSt, while
VI values were almost constant, ranging between 90
and 100 (Table 1). The biodegradability of mineral
base oils was decreasing with kinematic viscosity. A
linear relationship could be set between the biodegrad-
ation percentages and the logarithms of KV values
(Figure 2).

Viscosity is among the most important charac-
teristics of a lubricating oil. KV values must be
high enough to provide proper lubricating films while
avoiding excessive friction losses. VI is an arbit-
rary number that reflects the temperature-dependence
of viscosity: the higher the VI the less the viscos-
ity of an oil is affected by temperature. Viscosity
of a macromolecular solution is strongly dependent
on the size (e.g., molecular weight) and shape (e.g.,
chain branching and inter-chain entanglements) of the
solute. In order to facilitate the design of new or
improved lubricants, a number of studies have been
recently undertaken to try to predict the dependence
of the rheological properties of lubricants, more par-
ticularly viscosity, on their molecular-level details
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Table 1. Biodegradability of mineral base oils and their overall chemical composition, kinematic viscosity and

viscosity index

Sample KVat40°C VI Total aromatics ~ PAHs Polars Biodegradability
(cSt) (mmol kg™ 1 ) (mmol kg™ 1 ) (mmol kg™ 1 )

SDW1 8.72 100.0  n.d. n.d. n.d. 72
SDW2 9.32 97.7  370.13 69.34 48.37 70
SDW3 19.84 97.0 458.00 87.00 62.75 63
SDw4 30.61 101.3  559.36 143.62 74.55 51
SDWS5 30.91 98.2 515.62 116.07 70.71 60
Blend1 54.08 nd.  597.66 175.39 80.78 47
SDW6 61.74 96.6  465.20 117.80 61.23 55
Blend2 108.60 nd.  512.67 152.49 67.16 42
Blend3 161.70 94.6  558.26 190.69 73.11 37
SDW7 163.60 949  554.20 180.10 71.30 40
Blend4 205.80 nd.  569.81 197.16 74.28 30
Blend5 264.20 92.5  669.67 266.94 88.34 23
Blend6 299.20 94.1  604.26 226.56 78.62 26
Blend7 353.40 nd.  697.50 287.72 91.94 33
Blend8 405.90 93.5  626.20 245.75 81.43 17
Blend9 452.90 94.1  712.18 299.85 93.89 16
Blend10  525.70 923 635.54 256.60 82.41 12
SDW8 567.00 946  654.68 274.44 84.63 20
CDW1 9.38 91.2 34531 57.98 44.65 64
Blendl 102.00 97.1  635.70 220.82 84.45 30
CDW2 165.49 90.7  686.57 24791 91.34 34
Blend2 200.60 91.3  692.66 257.41 92.07 22.5
Blend3 257.80 95.1 677.28 267.07 89.90 16
Blend4 297.80 93.7  703.37 275.12 93.14 14
Blend5 418.80 92.0 718.98 291.81 95.01 12
CDW3 501.70 947  732.80 306.76 96.44 15

n.d.: not determined.

(Kioupis & Maginn 1999). These computer-based mo-
lecular simulations have been limited so far to linear
or branched alkanes and their binary blends, i.e., much
simpler formulations than the complex mixtures found
in lubricants.

On the other hand, a decrease in biodegradability
with increasing viscosity has been reported in several
investigations concerning different oil products such
as synthetic polyalphaolefin fluids (Carpenter 1994),
complex oleochemical esters derived from renewable
resources (Willing 1999) and natural crude oil (Sug-
iura et al. 1997). In these studies, however, the number
of tested samples remained limited. Basu et al. (1998)
have reported a number of data on biodegradability
of various commercially available base oils that were
characterized by their overall chemical composition,
kinematic viscosity and viscosity index. If the gen-
eral tendency of a decrease in biodegradability with

increasing viscosity can be observed, the broad range
of oils tested does not allow to sort out the specific
impact of individual parameters, e.g., KV, on oil bio-
degradability. From the foregoing, it seems unlikely
that the effect of viscosity on biodegradability mainly
reflects simple molecular features of base oils such as
their contents in isoparaffins.

Conclusions

The present results show that, beside chemical fea-
tures such as the contents in polar and aromatic
compounds, KV may be a prominent parameter for
assessing the primary biodegradability of mineral base
oils. Viscosity-biodegradability relationships are par-
ticularly interesting from a practical point of view
since viscosity is considered the most significant prop-
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Figure 1. Biodegradability of mineral oils as a function of their
content in PAHs. Correlation lines: solid, SDW oils (r2 = 0.87);
dotted, CDW oils (r2 = 0.93).

erty of a lubricant and is systematically measured.
We are currently investigating by multiple regression
analysis the relationships between the primary bio-
degradability of a number of base oils and several
other physical parameters such as the VI, pour point
and refraction index. The goal is to develop a pre-
dictive model of mineral base oil biodegradability
based on simple macroscopic characteristics that are
used routinely to evaluate the lubricant performance.
The first results seem to confirm the good correlation
between KV and biodegradability for the tested base
oils while the correlation between oil biodegradability
and their content in PAHs is less well verified (Haus et
al., in preparation).
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Figure 2. Biodegradability of mineral base oils as a function of the
logarithm of their kinematic viscosity. Correlation lines: solid, SDW
oils (2 = 0.94); dotted, CDW oils (rZ = 0.94).
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