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ABSTRACT 

Lubricant composition formulations comprising at least one 
biodegradable plastic, such as polyhydroxyalkanoate and/or 
polybutylene Succinate, and at least one lubricant, such as a 
vegetable oil. 
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LUBRICANT COMPOSITIONS 

PRIORITYACROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/704,097, filed 21 Sep. 2012. 

TECHNICAL FIELD 

0002 The disclosure generally relates to the field of lubri 
cants. Particular embodiments relate to biodegradable, solid 
Stick lubricants. 

BACKGROUND 

0003 For over fifty years heavy haul railroads have used a 
variety of methods to reduce friction between the rail vehicle 
wheel flanges, and the gauge face of the rail with which it 
comes in contact. Railroads and transits have realized they 
can save Substantial amounts of money in lowered mainte 
nance and equipment replacements if lubrication is applied. 
0004. There have been many attempts to develop formu 
lations to provide lubrication to rolling/sliding elements such 
as wheel/rail contact in railroads, particularly where the track 
curves, a location where the greatest friction between the 
gauge face and wheel flanges is to be expected. These formu 
lations range from liquid and grease systems, which generally 
require more expensive application equipment, frequent 
monitoring and Suffer from plugging applicators which limit 
effectiveness and reliability, to solid stick formulations. 
0005. A first method utilizes hundreds of wayside lubri 
cators that eject hydrocarbon petroleum based lubricants onto 
the gauge face of the rail as the train travels, particularly at 
curves in the track. 
0006. A second method for applying lubricant has been to 
use track inspection trucks to spray petroleum and/or syn 
thetic grease onto the gauge face of the track as the inspection 
truck goes around the curve in the track. 
0007. A third method is to apply lubricant to the wheel 
flange of the locomotive, whereupon the lubricant is trans 
ferred from the wheel flange of the locomotive to gauge face 
of the track, and to the wheel flange of the railcars being 
pulled by the locomotive, the lubricant being passed back 
through the train as Successive wheels come in contact with 
the rail and pick up some of the lubricant. 
0008. These types of lubrication are typically accom 
plished by spray devices that Squirt Small amounts of lubri 
cating oil onto wheel flanges. There are inherent problems 
with the above-described methods of applying lubricant to a 
gauge face. First, sprayed oil has a tendency to migrate to the 
tread of the wheel, making it more difficult for the train to 
stop. Second, lubricants on top of the rail can cause the train 
wheels to slip, inhibiting the ability of the brakes of the train 
to slow or stop the train. Further, lubricants (e.g., grease, oil) 
on top of the rail can make it difficult for the train to gain 
traction from a stopped position, or when climbing an incline. 
Finally, to keep oil spray devices in working order, excessive 
maintenance of the devices is required, costing additional 
time and expense to the railroad. 
0009. An alternative lubrication method which overcomes 
Some of the problems inherent in spraying oil onto the wheel 
flange of the locomotive has been to use a solid lubricant stick 
or rod (herein “lubricant stick”). The lubricant stick is 
inserted into a tube that is then applied by various mechanical 
means to the flanges of the wheel of a rail vehicle via friction. 
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In such prior lubricant sticks, the lubricant is embedded 
within a polymeric carrier (typically a petroleum based poly 
mer Such as polyethylene). The lubricant stick is pressed 
against the wheel flange for wearing off, and application of 
lubricant there-to. 

0010 Solid stick formulations, such as those disclosed in 
U.S. Pat. Nos. 3,537,819, 3,541,011 & 3,729,415 (Davis, et 
al.) focus on the use of a high molecular weight polyethylene 
to control lubricant deposition; U.S. Pat. No. 4.915,856 
(Jamison) discloses a thermoplastic stick formulation which 
contains lead and other potentially hazardous metallic pow 
ders; U.S. Pat. No. 6,649,573 (Mitrovich) highlights a ther 
moplastic polymer (various density polyethylene), and a mix 
ture of organic and inorganic extreme pressure additives; and 
U.S. Pat. No. 7,709,426 (Eadie, et al.), discloses a solid stick 
composition comprised ofathermosetting resin and a grease. 
All of these lubricant Stick formulations are generally com 
prised of a non-biodegradable, hydrocarbon-based (polymer) 
binder, a hydrocarbon grease or oil, and various Solid lubri 
cants combined in Such a manner that the finished product is 
in a solid form which is easily handled. These materials are 
then applied to Surfaces requiring lubrication, typically an 
open journal Such as the wheel flange, or tread of a railwheel. 
These lubricant sticks are consumed as the rail vehicle moves 
down the track, and all of the materials contained in the 
lubricant sticks are dispersed along the rail bed as the rail 
vehicle progresses. 
(0011. One prior patent, U.S. Pat. No. 7,943,556 (Mitrov 
ich), discloses environmentally friendly lubricant composi 
tions utilizing a polylactic acid-based polymer Such as poly 
actide (PLA). Environmentally friendly lubricants are 
desirable because they minimize or eliminate any potential 
damage to the environment. 

SUMMARY OF THE DISCLOSURE 

0012 Several exemplary lubricant compositions are 
described herein. The exemplary lubricant compositions 
comprising at least one biodegradable plastic, such as poly 
hydroxyalkanoate and/or polybutylene Succinate, and at least 
one lubricant, such as a vegetable oil. 
0013 Additional understanding of the compositions, for 
mulations and methods contemplated and/or claimed by the 
inventors can be gained by reviewing the detailed description 
of exemplary compositions, formulations and methods, pre 
sented below. 

DETAILED DESCRIPTION 

0014. The following description provides illustrative 
examples of that which the inventors regard as their invention. 
As such, the embodiments discussed herein are merely exem 
plary in nature and are not intended to limit the scope of the 
invention, or its protection, in any manner. Rather, the 
description and illustration of these embodiments serve to 
enable a person of ordinary skill in the relevant art to practice 
the invention. 

(0015 The use of “e.g.,” “etc.” “for instance,” “in 
example.” “for example, and 'or' and grammatically related 
terms indicates non-exclusive alternatives without limitation, 
unless the context clearly dictates otherwise. The use of 
“including and grammatically related terms means “includ 
ing, but not limited to unless the context clearly dictates 
otherwise. The use of the articles “a “an and “the are 
meant to be interpreted as referring to the singular as well as 
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the plural, unless the context clearly dictates otherwise. Thus, 
for example, reference to “a biodegradable plastic' includes 
two or more such biodegradable plastics, and the like. The use 
of “optionally.” “alternatively, and grammatically related 
terms means that the Subsequently described element, event 
or circumstance may or may not be present/occur, and that the 
description includes instances where said element, event or 
circumstance occurs and instances where it does not. The use 
of “preferred.” “preferably, and grammatically related terms 
means that a specified element or technique is more accept 
able than another, but not that such specified element or 
technique is a necessity, unless the context clearly dictates 
otherwise. The use of “exemplary' means “an example of 
and is not intended to convey a meaning of an ideal or pre 
ferred embodiment. 

0016. The use of “rail vehicle' means a vehicle configured 
for carrying cargo and/or passengers on any railway, or for 
maintaining a railway, including but not limited to locomo 
tives, railroad cars, rail cars, railway carriages, rail transit 
cars, and road-rail vehicles, unless the context clearly dictates 
otherwise. 

0017. The use of “biodegradable” means able to broken 
down by naturally occurring microorganisms, through 
decomposition via ultraviolet (UV) radiation (sunlight), by 
exposure to water, and/or other biological means, unless the 
context clearly dictates otherwise. 
0018 Disclosed herein are exemplary formulations of 
lubricant compositions. Such exemplary formulations can be 
utilized to manufacture lubricant sticks, or other forms of 
lubricants. 

0019. The exemplary lubricant compositions disclosed 
herein include at least one biodegradable plastic, and at least 
one lubricant, preferably a vegetable oil. By utilizing a bio 
degradable plastic and a vegetable oil in a lubricant compo 
sition, both the polymer component and the oil can be broken 
down by microorganisms present in the environment. From 
an environmental perspective, this provides tremendous ben 
efit over all prior art in the fact that hydrocarbon-based ther 
moplastics and thermoset resins have been used previously 
which will remain at their point ofuse for an extended amount 
of time due to their lack of biodegradability. 
0020 Biodegradable Plastic. 
0021 Biodegradable plastics are plastics that can be bio 
logically broken down, in a reasonable amount of time, into 
their base compounds, such as CO and water. Biodegradable 
plastics include, but are not limited to: bioplastics, traditional 
petroleum-based plastics containing additives or chemical 
structures which allow them to disintegrate, and/or a combi 
nation of the two. 

0022 Bioplastics are a form of plastics derived from 
renewable biomass sources (e.g., vegetable fats, vegetable 
oils, starches, cellulose, biopolymers, microbiota). Some, but 
not all, bioplastics are designed to biodegrade—the ability of 
naturally occurring microorganisms to break the materials 
down over a given period of time. Often the time requirements 
are dictated by the heat and moisture levels present in the 
environment. Biodegradable bioplastics are more Sustainable 
because they can break down in the environment faster than 
fossil-fuel based plastics. 
0023 Types of bioplastics include, but are not limited to, 
starch-based plastics, cellulose-based plastics, some alphatic 
polyesters, polylactic acid (PLA) plastics, poly-3-hydroxy 
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butyrate (PHB), polyhydroxyalkanoates (PHA), polyamide 
11 (PA 11), bio-derived polyethylene, and genetically modi 
fied bioplastics. 
0024 Current literature indicates four basic commercially 
available biodegradable plastics on the market today: poly 
butylene adipate co-terephthalate, polylactic acid, polyhy 
droxyalkanoate, and polybutylene Succinate. 
(0025 Polybutylene adipate co-terephthalate (PBAT) is a 
starch-based bioplastic which is commercially produced by 
BASF under the product name ECOFLEX (e.g., ECOFLEX 
F). Produced in Germany, PBAT is similar to low-density 
polyethylene (LDPE), has low moisture reactivity, and is soil 
biodegradable. PBAT is produced from non-renewable 
resources, but is biodegradable. BASF also produces (in Ger 
many) a PBAT/PLA blend under the product name ECOVIO. 
This blend has similar properties to high-density polyethyl 
ene (HDPE) (e.g., M5312 HDPE), also produced in Germany. 
ECOVIO grade was a mixture of approximately 55% PBAT/ 
45% PLA. The PLA contained 4% “D’ content. 

0026 Polylactic acid (PLA) is a transparent bioplastic 
produced from corn Sugar, cane Sugar or glucose (renewable 
resources). One PLA manufacturer is Nature Works LLC in 
Blair, Nebr. PLA is very hard and rigid. PLA is not necessar 
ily biodegradable in soil. Composting is recommended for 
biodegradation. PLA has a higher glass transition tempera 
ture, and thus can be considered brittle compared to other 
plastics. Different grades of PLA are available, some with 
crystal structures and some that are amorphous, which is 
largely controlled by “D' content or left vs. right handed 
molecules of lactic acid. 

(0027 Polyhydroxyalkanoate (PHA) PHAs are bioplas 
tics, linear polyesters produced in nature by bacterial fermen 
tation of sugar or lipids. PHAs are polyesters, but they can 
also imitate polypropylene, polystyrene, and polyethylene. 
PHAs are considered to be the broadest biopolymer because 
they are their own class, and can have many different chemi 
cal structures. These polymers have a wide range of proper 
ties ranging from stiff and brittle plastics, to rubberlike mate 
rials. They also can exhibit properties similar to many 
synthetic polymers. There are currently 100 different mono 
mer types of PHA that have been discovered. PHA is biode 
gradable in soil, and is able to fully degrade into carbon 
dioxide and water, leaving no environmentally harming waste 
behind. PHA has low elongations, and is much stiffer, having 
a stiffness generally between what is found in PBAT and 
PLA. One manufacturer of PHA is Metabolix, Inc. (under the 
brand name MIREL). 
(0028 Polybutylene succinate (PBS) is a biodegradable 
plastic. PBS is an aliphatic polyester resin which was previ 
ously only produced from non-renewable (hydrocarbon oil) 
resources. Manufacturer Showa Denko K.K. has indicated it 
has developed a process for preparing bioplastic PBS from 
bio-derived raw materials (Succinic acid made from starches 
or sugars). Showa Denko K.K.'s PBS product is sold under 
the brand name BIONOLLE. 

0029. These biodegradable plastics are not intended to be 
a list of the only biodegradable plastics that could be utilized 
in exemplary lubricant compositions. A skilled artisan will be 
able to select an appropriate biodegradable plastic in a par 
ticular embodiment based on various considerations, includ 
ing the intended use of the lubricant composition, the 
intended arena within which the lubricant composition will 
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be used, and the equipment and/or accessories with which the 
lubricant composition is intended to be used, among other 
considerations. 
0030 Preferably, the biodegradable plastic(s) begins in 
one of two forms: powder form or pellet form. When in a 
pellet form, the pellets are usually between 0.10 inch and 0.15 
inch, and are irregularly shaped, or in ball, cylinder or hexa 
gon shapes. 
0031 Lubricant. 
0032 Exemplary lubricant compositions comprise at least 
one lubricating oil component, and/or at least one solid lubri 
cant component. The lubricant for assisting in further reduc 
ing the coefficient of friction between the two steel surfaces. 
0033 Lubricating Oil Component. 
0034 Exemplary lubricant compositions may comprise at 
least one lubricating oil component. The incorporation of a 
lubricating oil component, preferably at least one biodegrad 
able oil, more preferably a vegetable oil containing a high 
oleic content, and a mixture of solid lubricants, into the bio 
degradable plastic mixture assists in further reducing the 
coefficient of friction between the two steel surfaces. 

0035. The term “lubricating oil” refers to a lubricant com 
prising at least one vegetable oil, hydrocarbon oil, mineral oil, 
synthetic oil, or mixture thereof. A vegetable oil is a triglyc 
eride extracted from a plant. As used herein, the term “veg 
etable oil is broadly defined without regard to a substances 
state of matter at a given temperature. Vegetable oils are 
soluble in most organic Solvents and insoluble in polar Sub 
strates Such as water. Vegetable oils can have a broad range of 
fatty acid profiles. The proportion of each of these fatty acids 
depends on the vegetable type, the growing season and the 
geography—factors that can dramatically affect the perfor 
mance of the vegetable oil in terms of oxidative stability, cold 
flow, hydrolytic stability and other performance characteris 
tics. Vegetable oils having high oleic content (high in 
monounsaturated fats), and low polyunsaturated fatty acid 
content, typically display good oxidative stability with 
acceptable low temperature properties. Because of that fact, 
“high oleic vegetable oils are well suited for use in lubricant 
compositions as compared to more conventional vegetable 
oils. Vegetable oils are biodegradable. 
0036 Table A, entitled “Friction and Load Bearing Prop 
erties of Vegetable Oils' provides an overview of the perfor 
mance characteristics (as lubricants) of various vegetable 
oils. Table A is based on data from TRIBOLOGY DATA HANDBOOK: 
AN EXCELLENT FRICTION, LUBRICATION, AND WEAR RESOURCE by E. 
Richard Booser. 

TABLE A 

Test A Test B Test C Test D 

Canola O.87.O.O7 63/126/24.5 54 (90) 22 (13300) 
Castor 0.510.04 63/126/22.2 29 (58) 30 (14500) 
Corn O.84.O.O7 63/126/25.4 25 (90) 
Lesquerella O.63.O.OS 63/126/25.4 41 (90) 30 (18127) 
Meadowfoam O.6.O.O73 
Olive 0.610.08 63.12621.6 16 (70) 
Peanut O.63.O.O7 63/126/21.5 20 (114) 
Rice Bran O.7S.O.11 63/126/21.2 21 (49) 
Safflower 0.660.08 63/126/24.2 39 (87) 
Sesame 0.660.063 33 (88) 
Soybean 0.660.08 24 (98) 
Sunflower 0.690.08 63/126/21.9 58 (103) 15 (11538) 
Walnut O.S7.0.09 SO.126,17.8 
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0037. In Table A, Test A is a four (4) ball wear test using 
standard test method ASTM D2672, measured in Scar Dia./ 
COF. Test B is a Shell 4-Ball EP test using standard test 
method ASTM D2783, measured in Seizure/Weld/LWI. Test 
C is a Falex Wear test using standard test method ASTM 
D2670, measured in No. of Teeth (Temp. Diff). Test D is a 
Timken “OK”. Load test using standard test method ASTM 
D2509/2782, measured in “OK” Load (1bs). 
0038 Table A discloses the friction and loadbearing prop 
erties of a number of vegetable oils, namely canola oil, castor 
oil, corn oil, Lesquerella oil, meadowfoam oil, olive oil, pea 
nut oil, rice bran oil, safflower oil, sesame oil, soybean oil, 
sunflower oil, and walnut oil. 
0039 Referring to Table A, oils with high oleic content 
(e.g., Sunflower, Canola, Palm, Soy) provide improved lubri 
cation in comparison to those having lower oleic content. 
Other vegetable oils (e.g., castor oil, meadowfoam oil) also 
contain significant amounts of fatty acid groups with chemi 
cal functionality, in addition to saturated and unsaturated fatty 
acids. Because of the presence of chemical functionality, 
these oils can be subjected to chemical modification that can 
be exploited in lubricating applications. Castor oil also has 
comparatively better oxidative stability, lower temperature 
Viscosity properties, higher friction reduction performance, 
high vapor point for processing stability, and higher load 
bearing properties than most other vegetable oil lubricants. 
0040 Table A is not intended to be an all inclusive list of 
all possible vegetable oils which could be utilized in exem 
plary lubricant composition which comprises at least one 
vegetable oil. Further, Table A is not intended to be an all 
inclusive list of all possible oils which could be utilized in 
exemplary lubricant composition. Other, types of oils can be 
used for the lubricating oil component, including but not 
limited to synthetic biodegradable oils, and mineral oils. A 
skilled artisan will be able to select an appropriate lubricating 
oil component in a particular embodiment based on various 
considerations, including the intended use of the lubricant 
composition, the intended arena within which the lubricant 
composition will be used, and the equipment and/or accesso 
ries with which the lubricant composition is intended to be 
used, among other considerations. For instance, a skilled 
artisan could consider the friction and load bearing charac 
teristics, in combination with a high vapor point in order to 
withstand bio-polymer processing temperatures, in selecting 
the appropriate lubricating oil component for the application. 
0041 Solid Lubricant Component. 
0042 Exemplary lubricant compositions may comprise at 
least one solid lubricant component. The solid lubricant com 
ponent for use as an anti-wear additive and/or as a lubricant 
carrier for the lubricating oil component. Solid lubricants can 
be particularly useful when the lubricating oil component is a 
vegetable oil due to the fact that vegetable oil is typically 
insoluble with biodegradable plastics (unlike mineral oil is 
with polyethylene). By mixing the vegetable oil(s) into the 
solid lubricant(s) before incorporation into the biodegradable 
plastic, the solid lubricant(s) bind the vegetable oil(s) up 
within the lubricant composition, keeping the vegetable oil(s) 
from separating from the lubricant composition. 
0043. The solid lubricant component preferably compris 
ing at least one solid lubricant, preferably in powder form. 
The Solid lubricant component may comprise a mixture of 
organic and/or inorganic Solid extreme pressure lubricants. 
Suitable solid lubricants include, but are not limited to, 
molybdenum disulfide powder, graphite powder, talc powder, 
mica powder, calcium carbonate powder, and Bentonite clay 
(an absorbent aluminum phyllosilicate, essentially impure 
clay consisting mostly of montmorillonite). 
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0044. This is not intended to be an all inclusive list of all 
possible solid lubricant components. A skilled artisan will be 
able to select an appropriate Solid lubricant component in a 
particular embodiment based on various considerations, 
including the intended use of the lubricant composition, the 
intended arena within which the lubricant composition will 

Density g/cm3 
MFR (190° C. 2.16 kg) 
Melting F. 
Hardness Shore D 
Tensile Yield MPa. 
Tensile BreakMPa. 
Youngs Modulus MPa. 
Flexural Modulus MPa. 
Elongation 96 
Vicat Softening F. 
Glass Transition F. 
HDT .45 MPa F. 
Specific Heat 
(BTU/lbs F. at 70 F) 

be used, and the equipment and/or accessories with which the 
lubricant composition is intended to be used, among other 
considerations. 
0045. Additives. 
0046 Exemplary lubricant compositions may comprise 
one or more additives, whereas other exemplary lubricant 
compositions will not comprise any additives. Additives may 
be utilized to provide additional benefits to the lubricant 
composition, for instance, increasing the stability of the lubri 
cant composition, and increasing the effectiveness of the 
lubricant composition. Additives include, but are not limited 
to, anti-wear additives (e.g., Sulfur containing compounds, 
phosphorous containing compounds), corrosion inhibitors, 
antioxidants, additional forms of free fatty acids to create a 
reacted layer for boundary lubrication, optical brighteners, 
non-biodegradable polymers (e.g., HDPE, LDPE), and tacki 
fiers. 
0047. This is not intended to be an all inclusive list of all 
possible additives. A skilled artisan will be able to select an 
appropriate additive in a particular embodiment based on 
various considerations, including the intended use of the 
lubricant, the intended arena within which the lubricant will 
be used, and the equipment and/or accessories with which the 
lubricant is intended to be used, among other considerations. 
0048 Tackifiers are used to improve transfer rates of the 
lubricant and ensure the applied lubricant composition 
remains in place to provide needed lubrication. The purpose 
ofusing an optical brightener is so that by using a black light, 
the lubricant composition deposition on wheel flanges or rail 
track can be verified. 
0049 Testing. 
0050. While the effectiveness of polyethylene (HDPE, 
LDPE) based lubricant compositions (where the polyethyl 
ene is used as a polymer binder for delivery for solid lubri 
cants) is known, none of the commercially available biode 
gradable plastics possess the same physical characteristics as 
polyethylene, as is provided in Table B ("Summary of Prop 
erties”). 
0051. As shown in Table B, extensive testing was con 
ducted on a number of exemplary lubricant composition for 
mulations containing a variety of biodegradable plastic mate 
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rials combined with varying levels of lubricating oil compo 
nents, and then Subjecting the lubricant composition to per 
formance testing at a range of journal speeds to determine 
each biodegradable plastic materials ability to consistently 
provide a uniform layer of lubrication while not excessively 
abrading or melting. 

TABLE B 

HDPE LDPE PBAT PBATPLA PLA PHA PBS 

953 92O 126 1.25 124 14O 126 
2 2 4 2.5 1.3 

27 Oo 2260 235 275o 293o 325o 237 
67 32 59 8O 61 
27 12 35 27 45 25 32 
39 35 36 36 53 26 57 

12SO 8O 550 3600 34OO 470 
1070 18O - 3170 660 
600 400 S60 3OO 6 3 700 
2590 1760 1549 120° 25.5o 

-105 - 184 131° 40° -2S 
1629 1900 131° 269° 2070 
O.S4 O.28 0.65 - 

0.052 A number of conclusions can be drawn from these 
test results. First, polybutylene adipate co-terephthalate 
(PBAT) (e.g., ECOFLEX F) alone lacks the desired thermal 
and mechanical properties. Second, while polylactic acid 
(PLA) (e.g., NatureWorks PLA Polymer 4060D) possesses 
effective mechanical properties, PLA lacks the desired ther 
mal properties required to withstand steel Surface application 
at varying speeds. While the physical properties of the chem 
istries for PBAT and PLA do not allow them to perform in an 
ideal manner which would allow them to serve as an effective 
binder material in a flange lubrication application, exemplary 
lubricant compositions can comprise PBAT and/or PLA. At 
high contact speeds, both materials tend to abrade at a very 
high rate of speed and do not provide proper “dosing of the 
lubricants to the wheel. 

0053. Third, evaluation of polyhydroxyalkanoate (PHA) 
(e.g., Mirel 1003) indicates slightly deficient mechanical 
properties with respect to wear resistance; however, PHA 
does exhibit acceptable thermal properties. Testing indicates 
that while a lubricant Stick having a polymer content solely 
comprising PHA is effective attransferring lubricants (oil and 
Solid lubricants), the wear rate is excessive at higher journal 
speeds, and will not provide lubrication over the desired 
mileage requirements. As such, a polymer content solely 
comprising PHA is less preferred, but could be utilized. 
0054 Fourth, while polybutylene succinate (PBS) (e.g., 
1001 MD) exhibited wear resistance mechanical properties 
which prevented effective material transfer (low dosing rate 
when compared to PHA) to the steel surfaces, PBS did pos 
sess acceptable thermal properties. PBS was found to be 
effective across all speed ranges tested. As a result, a lubricant 
Stick having a polymer content solely comprising PBS would 
be too abrasion resistant, and would not apply a sufficient 
amount of lubricant to the Surfaces during normal operating 
conditions. As such, a polymer content solely comprising 
PBS is less preferred, but could be utilized. 
0055. A blend of PHA and PBS has proven effective at 
controlling dosing rates across the effective range of speeds 
encountered on a rail vehicle. In an effort to achieve a desired 
transfer rate of lubricant composition, it was determined that 
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by utilizing both PHA and PBS together, the application rate 
could be adjusted based on ratio of the two biodegradable 
plastics. By formulating lubricant compositions to comprise 
both PHA and PBS in a given ratio, the lubrication rate is able 
to be adjusted to a desired application rate. 
0056. Thus, while all of the biodegradable plastics dis 
cussed herein work to a certain extent, the mixture of PBS and 
PHA appears to offer the most desirable characteristics for 
rail vehicle wheel flange lubrication. The biodegradable plas 
tics tested and evaluated during the course of testing were all 
commercially available in large quantities; other variations of 
biodegradable plastics currently in lab scale development 
may have application, however were not considered for test 
ing due to limited availability. 
0057. Manufacturing Method. 
0058 Exemplary lubricant compositions can be com 
pounded, and then produced, using any traditional plastics 
manufacturing technology (e.g., injection molding, thermo 
forming, extrusion (twin or single)) into lubricant Sticks con 
figured for applying to Surfaces which are in sliding or roll 
ing-sliding contact. 
0059 A first exemplary manufacturing method comprises 
processing the constituents of the lubricant composition on a 
twin screw extruder which heats and mixes the components 
together. A second exemplary manufacturing method com 
prises utilizing a single screw extruder. A third exemplary 
manufacturing method comprises using manufacturing meth 
ods, such as those disclosed in U.S. Pat. No. 6,649,573 
(Mitrovich), to form multi-part lubricant sticks from one or 
more exemplary lubricant compositions. For example, the 
first portion of a lubricant stick could include a lubricant 
composition comprising a first biodegradable plastic, 
whereas the second portion of the lubricant stick could 
include a lubricant composition comprising a second biode 
gradable plastic. In another example, both portions of the 
lubricant composition could include the biodegradable plas 
tic, and/or various portions of a lubricant stick could have 
lubricant compositions comprising various ratios of biode 
gradable plastics used therein. 
0060. This disclosure is not intended to be an all inclusive 

list of all possible processing and/or manufacturing methods 
for manufacturing exemplary lubricant Sticks from an exem 
plary lubricant composition. A skilled artisan will be able to 
select an appropriate processing and/or manufacturing 
method in a particular embodiment based on various consid 
erations, including the intended use of the lubricant compo 
sition, the intended arena within which the lubricant compo 
sition will be used, and the equipment and/or accessories with 
which the lubricant composition is intended to be used, 
among other considerations. 
0061. One example of processing parameters for an exem 
plary lubricant composition areas follows: temperature range 
for heating Zones: 300°-360° F (148°-182°C.); screw RPM: 
60-100 rpm (optimal); and a 40:1 length to diameter screw 
profile. This example is not intended to be an all inclusive list 
ofall possible processing parameters. A skilled artisan will be 
able to select an appropriate processing parameter in a par 
ticular embodiment based on various considerations, includ 
ing the intended use of the lubricant composition, the 
intended arena within which the lubricant composition will 
be used, and the equipment and/or accessories with which the 
lubricant composition is intended to be used, among other 
considerations. 
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0062. In an first exemplary process of manufacturing a 
lubricant Stick from an exemplary lubricant composition, the 
process comprises blending the components of the formula 
tion together, extruding or otherwise forming the formulation 
into a stock material (e.g., pellets), forming a solid lubricant 
Stick (e.g., via extrusion, transfer molding, injection mold 
ing). 
0063. In a second exemplary process of manufacturing a 
lubricant Stick from an exemplary lubricant composition, the 
process comprises the steps of: (a) blending one or more solid 
lubricant components into one or more lubricating oil com 
ponents to form a lubricant portion; (b) blending the lubricant 
portion, the biodegradable plastic(s), and additives (if any) 
together to form a stock material; and (c) forming a lubricant 
Stick from said stock material (e.g., via extrusion, transfer 
molding, injection molding). 
0064. In a third exemplary process of manufacturing a 
lubricant Stick from an exemplary lubricant composition, the 
process comprises blending (e.g., mixing very well with a 
heavy duty mixer that confines dust, other manners of pellet 
izing the ingredients that keeps dust from flying freely) the 
components of the formulation (e.g., biodegradable plastics, 
Vegetable oils, lubricant powders, additives) to form a stock 
material, and forming a solid lubricant Stick (e.g., via extru 
Sion, transfer molding, injection molding) from said stock 
material. 
0065. These exemplary processes of manufacturing a 
lubricant Stick from an exemplary lubricant composition are 
not intended to be an all inclusive list of all possible manu 
facturing processes. A skilled artisan will be able to select an 
appropriate manufacturing processes in a particular embodi 
ment based on various considerations, including the intended 
use of the lubricant composition, the intended arena within 
which the lubricant composition will be used, and the equip 
ment and/or accessories with which the lubricant composi 
tion is intended to be used, among other considerations. 
0.066 Exemplary Lubricant Composition Formulations. 
0067. Disclosed herein are a plurality of exemplary lubri 
cant composition formulations. 
0068 Exemplary lubricant composition formulations 
comprises at least one biodegradable plastic in combination 
with at least one lubricant. 
0069. The biodegradable plastic portion in an exemplary 
lubricant composition can comprise from about 30% to about 
90% by weight of the formulation, and more preferably from 
about 38% to about 75%. 
0070 The lubricating oil component in an exemplary 
lubricant composition can comprise from about 5% to about 
50% by weight of the formulation, and more preferably from 
about 5% to about 28%. 
0071. The solid lubricant component in an exemplary 
lubricant composition can comprise from about 5% to about 
75% by weight of the formulation, and more preferably from 
about 5% to about 50%. 
0072 The additive component, if an exemplary lubricant 
composition includes an additive, can comprise from about 
0% to about 10% by weight of the formulation. If an exem 
plary lubricant composition includes an optical brightener, 
about 1% by weight of optical brightener is preferred in the 
formulation to ensure visibility, however 0% to about 1% by 
weight may be utilized. 
0073. A first exemplary lubricant composition comprises 
at least one biodegradable plastic, and at least one lubricant. 
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0074. A second exemplary lubricant composition com 
prises at least one biodegradable plastic, and at least one 
lubricant, wherein the lubricant comprises at least one lubri 
cating oil component. 
0075 A third exemplary lubricant composition comprises 
at least one biodegradable plastic, and at least one lubricant, 
wherein the lubricant comprises at least one solid lubricant 
component. 
0076 A fourth exemplary lubricant composition com 
prises at least one biodegradable plastic, and at least one 
lubricant, wherein the lubricant comprises at least one solid 
lubricant component selected from the group consisting of 
molybdenum disulfide, graphite, talc, mica, calcium carbon 
ate, and Bentonite clay. 
0077. A fifth exemplary lubricant composition comprises 
at least one biodegradable plastic, and at least one lubricant, 
wherein the lubricant comprises at least one solid lubricant 
component, wherein said Solid lubricant component is 
molybdenum disulfide. 
0078. A sixth exemplary lubricant composition comprises 
at least one biodegradable plastic, and at least one lubricant, 
wherein the lubricant comprises at least one solid lubricant 
component, wherein said Solid lubricant component is graph 
ite. 
0079 A seventh exemplary lubricant composition com 
prises at least one biodegradable plastic, and at least one 
lubricant, wherein the lubricant comprises about 5% to about 
50% of at least one solid lubricant component. 
0080. An eighth exemplary lubricant composition com 
prises at least one biodegradable plastic, and at least one 
lubricant, wherein the lubricant comprises at least one lubri 
cating oil component and at least one solid lubricant compo 
nent. 

0081. A ninth exemplary lubricant composition comprises 
at least one biodegradable plastic, at least one lubricant, and 
at least one additive. 
0082. A tenth exemplary lubricant composition comprises 
at least one biodegradable plastic, at least one lubricant, and 
about 0% to about 10% of at least one additive. 
0083. An eleventh exemplary lubricant composition com 
prises polyhydroxyalkanoate (PHA), polybutylene Succinate 
(PBS), at least one vegetable oil, and at least one solid lubri 
cant component. 
0084. A twelfth exemplary lubricant composition com 
prises polyhydroxyalkanoate (PHA), polybutylene Succinate 
(PBS), and at least one lubricant. 
0085. A thirteenth exemplary lubricant composition com 
prises polyhydroxyalkanoate (PHA), at least one vegetable 
oil, and at least one solid lubricant component. 
I0086 A fourteenth exemplary lubricant composition com 
prises polyhydroxyalkanoate (PHA) in combination with at 
least one lubricant. 
0087. A fifteenth exemplary lubricant composition com 
prises polybutylene succinate (PBS), at least one vegetable 
oil, and at least one solid lubricant component. 
0088 A sixteenth exemplary lubricant composition com 
prises polybutylene succinate (PBS) and at least one lubri 
Cant. 

0089. A seventeenth exemplary lubricant composition 
comprises about 39% polyhydroxyalkanoate (PHA), about 
17% by weight of at least one vegetable oil, and about 44% by 
weight of at least one solid lubricant component. 
0090. An eighteenth exemplary lubricant composition 
comprises about 45% by weight polyhydroxyalkanoate 
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(PHA), about 25% by weight of at least one vegetable oil, and 
about 30% by weight of at least one solid lubricant compo 
nent. 

0091. A nineteenth exemplary lubricant composition 
comprises 46% by weight polyhydroxyalkanoate (PHA), 
26% by weight of at least one vegetable oil, and 28% by 
weight of at least one solid lubricant component. 
0092. A twentieth exemplary lubricant composition com 
prises about 45% by weight polybutylene succinate (PBS), 
about 25% by weight of at least one vegetable oil, and about 
30% by weight of at least one solid lubricant component. 
0093. A twenty-first exemplary lubricant composition 
comprises about 38% by weight polybutylene succinate 
(PBS), about 28% by weight of at least one vegetable oil, and 
about 35% by weight solid lubricant component. 
0094. A twenty-second exemplary lubricant composition 
comprises about 38% by weight polybutylene succinate 
(PBS), about 25% by weight of at least one vegetable oil, and 
about 38% by weight of at least one solid lubricant compo 
nent. 

0.095 A twenty-third exemplary lubricant composition 
comprises about 42% by weight polybutylene Succinate 
(PBS), about 26% by weight of at least one vegetable oil, and 
about 32% by weight of at least one solid lubricant compo 
nent. 

0096. A twenty-fourth exemplary lubricant composition 
comprises about 45% by weight biodegradable plastic, about 
25% by weight of at least one vegetable oil, and about 30% by 
weight of at least one solid lubricant component, wherein the 
biodegradable plastic comprises about 75% by weight poly 
hydroxyalkanoate (PHA) and about 25% polybutylene suc 
cinate (PBS). 
0097. A twenty-fifth exemplary lubricant composition 
comprises about 44% biodegradable plastic by weight, about 
25% by weight of at least one vegetable oil, about 30% by 
weight of at least one solid lubricant component, and about 
1% by weight of an additive, wherein the biodegradable plas 
tic comprises about 65% polyhydroxyalkanoate (PHA) by 
weight and about 35% polybutylene succinate (PBS) by 
weight. 
0098. A twenty-sixth exemplary lubricant composition 
comprises about 44% by weight biodegradable plastic, about 
26% by weight of at least one vegetable oil, and about 31% by 
weight of at least one solid lubricant component, wherein the 
biodegradable plastic comprises about 65% by weight poly 
hydroxyalkanoate (PHA) and about by weight 35% polybu 
tylene succinate (PBS). 
0099. A twenty-seventh exemplary lubricant composition 
comprises about 38% by weight to about 46% by weight of at 
least one biodegradable plastic, about 17% by weight to about 
28% by weight of at least one lubricating oil component, 
about 28% by weight to about 44% by weight of at least one 
solid lubricant component, and 0% by weight to about 10% 
by weight of at least one additive. 
0100. A twenty-eighth exemplary lubricant composition 
comprises about 38% by weight to about 46% by weight of at 
least one biodegradable plastic, about 17% by weight to about 
28% by weight of at least one lubricating oil component, 
about 28% by weight to about 44% by weight of at least one 
solid lubricant component, and 0% by weight to about 10% 
by weight of at least one additive, wherein the biodegradable 
plastic comprises about 60% by weight to about 90% by 
weight polyhydroxyalkanoate (PHA), about 10% by weight 
to about 40% by weight polybutylene succinate (PBS). 
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0101. A twenty-ninth exemplary lubricant composition 
comprises about 38% by weight to about 46% by weight of at 
least one biodegradable plastic, about 17% by weight to about 
28% by weight of at least one lubricating oil component, 
about 28% by weight to about 44% by weight of at least one 
solid lubricant component, and 0% by weight to about 10% 
by weight of at least one additive, wherein the biodegradable 
plastic comprises about 75% by weight polyhydroxyal 
kanoate (PHA) and about 25% by weight polybutylene suc 
cinate (PBS). 
0102) Any suitable ratio of the disclosed components can 
be used in exemplary lubricant compositions, and a skilled 
artisan will be able to select an appropriate ratio of compo 
nents for the lubricant composition in a particular embodi 
ment based on various considerations, including the intended 
use of the lubricant composition, the intended arena within 
which the lubricant composition will be used, and the equip 
ment and/or accessories with which the lubricant composi 
tion is intended to be used, among other considerations. 
Materials hereinafter discovered and/or developed that are 
determined to be suitable for use in lubricant composition 
formulations would also be considered suitable for use in a 
lubricant composition according to a particular embodiment. 
0103. It is noted that all structure and features of the vari 
ous described and illustrated embodiments can be combined 
in any Suitable configuration for inclusion in a lubricant com 
position according to a particular embodiment. For example, 
a lubricant composition according a particular embodiment 
can the percent biodegradable plastic from one exemplary 
lubricant composition, and the percent lubricant from a dif 
ferent exemplary lubricant composition. 
0104. The foregoing detailed description provides exem 
plary embodiments of the invention and includes the best 
mode for practicing the invention. The description and illus 
tration of these embodiments is intended only to provide 
examples of the invention, and not to limit the scope of the 
invention, or its protection, in any manner. 
What is claimed is: 
1. A biodegradable lubricant composition comprising: 
at least one biodegradable plastic; 
a lubricating oil component, wherein said lubricating oil 
component comprises a biodegradable oil; and 

a solid lubricant component. 
2. The biodegradable lubricant composition of claim 1, 

wherein the biodegradable plastic comprises polyhydroxyal 
kanoate. 

3. The biodegradable lubricant composition of claim 1, 
where the biodegradable plastic comprises polybutylene Suc 
cinate. 

4. The biodegradable lubricant composition of claim 1, 
wherein the biodegradable plastic comprises polyhydroxyal 
kanoate and polybutylene Succinate. 

5. The biodegradable lubricant composition of claim 1, 
wherein the biodegradable plastic comprises between about 
50% and about 75% polyhydroxyalkanoate, and between 
about 25% and about 50% polybutylene succinate. 

6. The biodegradable lubricant composition of claim 1, 
comprising about 5% to about 28% of said biodegradable oil. 

7. The biodegradable lubricant composition of claim 6, 
wherein the biodegradable oil comprises a vegetable oil. 
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8. The biodegradable lubricant composition of claim 1, 
wherein the Solid lubricant comprises at least one of graphite 
and molybdenum disulfide. 

9. The biodegradable lubricant composition of claim 1, 
comprising about 5% to about 50% of said solid lubricant 
component. 

10. The biodegradable lubricant composition of claim 1, 
further comprising at least one additive. 

11. A lubricant composition comprising: 
at least one biodegradable plastic, wherein said at least one 

biodegradable plastic comprises polyhydroxyalkanoate, 
polybutylene Succinate or mixtures thereof; 

a lubricating oil component, wherein said lubricating oil 
component comprises a biodegradable oil; and 

a solid lubricant component. 
12. The lubricant composition of claim 11, wherein the 

biodegradable plastic comprises polyhydroxyalkanoate and 
polybutylene Succinate. 

13. The lubricant composition of claim 12, wherein the 
biodegradable plastic comprises between 50% and 75% poly 
hydroxyalkanoate, and between 25% and 50% polybutylene 
Succinate. 

14. The lubricant composition of claim 11, comprising 
about 5% to about 28% of said biodegradable oil. 

15. The lubricant composition of claim 14, wherein the 
biodegradable oil comprises a vegetable oil. 

16. The lubricant composition of claim 15, wherein the 
Vegetable oil comprises at least one vegetable oil selected 
from the group consisting of canola oil, castor oil, corn oil, 
Lesquerella oil, meadowfoam oil, olive oil, peanut oil, rice 
bran oil, safflower oil, sesame oil, soybean oil, sunflower oil, 
and walnut oil. 

17. The lubricant composition of claim 11, wherein the 
Solid lubricant component comprises at least one solid lubri 
cant selected from the group consisting of molybdenum dis 
ulfide powder, graphite powder, talc powder, mica powder, 
calcium carbonate powder, and Bentonite clay. 

18. The lubricant composition of claim 11 formed into a 
lubricant stick. 

19. The lubricant composition of claim 11, comprising 
about 5% to about 50% of said solid lubricant component. 

20. A lubricant stick formed of a lubricant composition 
comprising: 

about 30% to about 90% of a biodegradable plastic portion 
comprising between about 50% and about 75% polyhy 
droxyalkanoate, and between about 25% and about 50% 
polybutylene Succinate; 

about 5% to about 28% of at least one vegetable oil selected 
from the group consisting of canola oil, castor oil, corn 
oil, Lesquerella oil, meadowfoam oil, olive oil, peanut 
oil, rice bran oil, safflower oil, Sesame oil, soybean oil, 
Sunflower oil, and walnut oil; and 

about 5% to about 50% of at least one solid lubricant 
component selected from the group consisting of molyb 
denum disulfide powder, graphite powder, talc powder, 
mica powder, calcium carbonate powder, and Bentonite 
clay. 


