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ABSTRACT OF THE DISCLOSURE 
Biodegradable water-in-oil emulsion lubricants are pro 

vided, comprising, by weight, a major amount of water 
dispersed in a continuous phase comprising a biodegrada 
ble compound of the general formula: RX, in which: 
R is a straight-chain alkyl group having from 1 to 18 
carbon atoms; 

X is a straight-chain ester of a fatty organic acid hav 
ing from 1 to 20 carbon atoms or benzene; and 

n is 1 or 2. 

BACKGROUND OF THE INVENTION 

(1) Field of the invention 
This invention relates to lubricant compositions and, 

in one of its aspects, relates more particularly to lubricant 
compositions which are biodegradable. Still more partic 
ularly in this aspect, the invention relates to lubricant 
compositions, in the form of water-in-oil emulsions which 
are biodegradable and especially suited for such purposes 
as hydraulic fluids and various other applications, in 
which biodegradability of the lubricant is a requisite. 

(2) Description of the prior art 
The use of water-in-oil emulsion fluids as lubricants in 

industrial applications, for example, as hydraulic fluids, 
metal working lubricants and in other areas where lubri 
cants are necessitated, is known to those skilled in this 
art. An essential component of water-in-oil emulsion 
lubricants, particularly where these lubricants are em 
ployed as hydraulic fluids, is the presence of mineral oil 
as the continuous phase with water dispersed therein and 
comprising about 40 percent, by weight, of the total emul 
sion fluid. However, by reason of the presence of such 
relatively low water-content, and the relatively high non 
biodegradable mineral oil content, the resulting fluid has 
not been found to be biodegradable to the extent that it 
can satisfactory pass certain standardized requirements 
for biodegradability. 

Heretofore, attempts have been made to incorporate 
substantially greater amounts than the 40 percent, by 
weight, of water to assist in imparting increased biode 
gradability, particularly in hydraulic fluid applications. 
However, since the mineral oil is in the continuous phase, 
its viscosity also affects the viscosity of the finished emul 
sion thereby decreasing the efficacy of the fluid. To off 
set this effect it has been attempted to employ mineral 
oils having lower viscosities than those normally em 
ployed, e.g. 100 SUS at 100 F. viscosity grade. How 
ever, in such modifications, the flash point of the oil is 
lowered, thereby nullifying the benefit gained through the 
use of increased amounts of water. In addition, in cer 
tain instances, hydraulic pump wear rates tend to be 
increased above an acceptable level. Hence, prior to the 
present invention, no commercial water-in-oil emulsion 
lubricant fluids, with water contents substantially over 
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40 percent, by weight, and/or employing an oil significant 
ly below 100 SUS at 100°F., are available. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, and in ac 
cordance with its objects, there are provided biodegrada 
ble water-in-oil emulsion lubricants in which the hereto 
fore-employed non-biodegradable oils, as the continuous 
phase, are replaced with biodegradable materials, which 
have viscosities substantially below 100 SUS at 100 F. 
and flash points approximately equal to that of the afore 
mentioned mineral oils. More specifically, as more fully 
hereinfurther described, the biodegradable water-in-oil 
emulsion lubricants of the present invention comprise, by 
weight, a major amount of water dispersed in a con 
tinuous phase comprising a biodegradable compound of 
the general formula: RX, in which: 
R is a straight-chain alkyl group having from 1 to 18 
carbon atoms; 

X is a straight-chain ester of a fatty organic acid hav 
ing from 1 to 20 carbon atoms or benzene; and 

n is 1 or 2. 

With respect to the above-described RX formulation, 
it is found that when other than straight-chain alkyl 
groups or other than straight-chain esters are employed 
in the respective R and X substituents, e.g. branched 
chain alkyl groups or straight-chain esters, the resulting 
emulsion formulation is not biodegradable, thereby re 
sulting in an unsatisfactory emulsion fluid. Still more 
significantly, it is found that where the R substituent rep 
resents an alkyl group having more than 18 carbon atoms, 
the resulting emulsion formulation becomes too viscous 
and exhibits an unsatisfactory pour point at relatively 
high temperature operating conditions. With respect to 
the R substituent, it is also found that when the com 
pound contains more than two R groups (i.e. where in 
is greater than 2) the emulsion tends to solidify, thus 
impairing satisfactory utilization for its intended pur 
pose. Insofar as the X substituent is concerned, it is found 
that where X is a straight-chain ester of a fatty organic 
acid having more than 20 carbon atoms, poor pour point 
characteristics are here also exhibited at relatively high 
operating temperature conditions. In particularly pre 
ferred formulations, R represents straight-chain alkyl 
groups having from 1 to 5 carbon atoms, and X repre 
sents straight-chain esters of fatty organic acids having 
from 10 to 20 carbon atoms. 
As hereinbefore indicated, the biodegradable emulsion 

fluids of the present invention comprise a major amount, 
by weight, of water. Preferably, water is employed in an 
amount from about 50 to about 65 percent, by weight. 
Insofar as the biodegradable compound RnX, itself, is con 
cerned, this compound is employed in general, in an 
amount from about 25 to about 48 percent, and preferably 
in an amount from about 30 to about 48 percent, by 
weight, of the total emulsion fluid. The required emulsi 
fying agent is preferably employed in an amount from 
about 2 to about 5 percent, by weight, of the total emul 
sion fluid. 
A wide variety of biodegradable compounds may be 

employed within the scope of the above-described RX 
structural formulation. Representative thereof, but not 
intended as limiting are: methyl laurate; methyl soyate; 
butyl palmitate; methyl margarate; methyl stearate; ethyl 
stearate; ethyl oleate; lauryl laurate; lauryl caprylate; 
lauryl myristate; stearyl formate; steary butylate; myristyl 
caprate; diisooctyl adipate; di - 2 - ethyl adipate; n 



3. . . . . . 
dodecyl benzene; n-decyl hexylbenzene; n-decyl octyl 
benzene; n-undecyl benzene; n-undecyl hexylbenzene; 
and n-undecyl octylbenzene. 

It will, of course, be apparent that other desirable addi 
tive materials may also be incorporated in the novel 
emulsion fluids of the present invention such as antiox 
idants, anti-wear agents, anti-freeze agents, dyes, anti 
foaming agents, fire-resistant materials, viscosity improv 
ers and the like. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

The following examples and comparative data will 
serve to illustrate the novel biodegradable water-in-oil 
emulsion lubricants of the present invention, in which 
the non-biodegradable oil components heretofore em 
ployed in the emulsions of the prior art are replaced by 
a biodegradable compound, viz, the RX component 
hereinbefore described and the improved results obtained 
by such substitution. 

EXAMPLE 1. 

A water-in-oil emulsion representative of the novel 
biodegradable water-in-oil emulsions of the present in 
vention, was prepared, employing as the oil component 
(i.e. the hereinbefore described RX component), a mix 
ture of methyl soyate and methyl laurate, in accordance 
with the following formulation: 

Wt. percent 
Methyl Soyate ------------------------------- 24.0 
Methyl laurate ------------------------------- 5.0 
150' polyisobutylene (m. wt. 400) (viscosity im 

prover) ---------------------------------- 5.0 
Emulsifier-Reaction product of tetraethylpenta 
mine polybutene succinic anhydride and zinc 
cracked wax-benzene Sulfonate complex ------- 3.0 

Mixed isopropylaminoethanols-Vapor space inhib 
itor ------------------------------------- 0.3 

Ethylene glycol ----------------------------- 3.0 
Water ------------------------------------- 59.7 

The above-described water-in-oil emulsion was next 
submitted to a series of formulation tests and evalua 
tions, and the results obtained are shown in the follow 
ing table: 

TABLE I 

Pour point, F. -------------------------- -- 15 
Viscosity, SUS at 100 F. ------------------ 400 
Vikers pump V104-3 (2 g.p.m.) Test-140 F., 

1200 rp.m., 1000 p.s. i., vane--ring wear (100 
hrs.), mg. ------------------------------ 38 

B.O.D.s (5 day biological orygen demand), mg/ 
------------------------------------ 183,000 

With respect to the above-identified results obtained with 
the emulsion of Example 1, the Vikers Pump V104-E 
(2 g-p.m.) Test comprises circulating the test fluid per 
100 hours at 1000 p.s.i. by a fixed displacement vane 
pump. The flow rate varies between 1% and 2% gallons 
per minute, depending on the viscosity of the test oil. 
The temperature is maintained at 140 F. in the reservoir. 
The weight loss of the cam ring and vanes and the ap 
pearance of the pump components indicate test fluid 
performance. 
The acceptability reading for this test should not ex 

ceed 100 mg. total wear per 100 hours. 
The 5-day biodegradable oxygen demand test (B.O.D.) 

comprises the measurement of a biological uptake of 
oxygen by sewage bacteria in a 5-day period under 
standard comditions as described on page 415 "Standard 
Methods for the Examination of Water and Wastewater" 
published by the American Public Health Association, the 
American Water Works Association and the Water Pollu 
tion Control Federation. A value of at least 100,000 mg/ 
1. is considered as being biodegradable. 
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EXAMPLE 2 
In order to illustrate the importance of having an oil 

component of the type characterized by the aforemen 
tioned RX compounds of the present invention, present 
for the purpose of imparting biodegradability to the 
water-in-oil emulsion, a second water-in-oil emulsion was 
prepared, identical in all respects with the water-in-oil 
emulsion of Example 1 except that additional polyiso 
butylene was substituted for the methyl soyate and methyl 
laurate components. This second formulation contained 
the following components: 

Wt. percent 
150' polyisobutylene (m. wt. 400) (viscosity im 
prover) ---------------------------------- 34.0 

Emulsifier-Reaction product of tetraethylpentamine 
polybutene succinic anhydride and zinc cracked 
wax-benzene Sulfonate complex -------------- 3.0 

Mixed Isopropylaminoethanols-Vapor space inhib 
itor ------------------------------------- 0.3 

Ethylene glycol ------------------------------ 3.0 
Water -------------------------------------- 59.7 
As in Example 1, the above formulation of Example 

2 was subjected to the same tests and evaluations, and 
the results obtained are shown in the following table: 

TABLE II 

Pour point, F. ---------------------------- -5 
Viscosity, SUS at 100 F. ------------------- 450 
Vikers pump V104-E (2 g.p.m.) Test-140 F., 

1200 rp.m., 1000 p.s. i., vane-ring wear (100 
hrs.), mg. ------------------------------ 2000 

B.O.D.s (5 day biological oxygen demand), mg/ 
1. ------------------------------------- 12,000 

As will be seen from a comparison of the respective 
results obtained with respect to the water-in-oil emulsions 
of Example 1 and Example 2, the emulsion fluids of the 
present invention exhibit highly acceptable biodegrada 
bility in addition to other desirable characteristics, mak 
ing these emulsions suitable for a wide variety of useful 
applications. 

It will be, of course, apparent that other compounds, 
as hereinbefore indicated, may be substituted for those 
of the RX designation. Although the present invention 
has been described herein by means of certain specific 
embodiments and illustrative examples, it is not intended 
that the scope thereof be limited in any way, and is capable 
of various modifications and adaptations, as those skilled 
in the art will readily appreciate. 

I claim: 
1. A biodegradable water-in-oil emulsion lubricant 

consisting essentially of, by weight, a major amount of 
water dispersed in a continuous phase of a biodegradable 
compound of the general formula: 

in which R is a straight-chain alkyl group having from 
1 to 19 carbon atoms and R is a straight-chain alkyl 
group having from 1 to 18 carbon atoms. 

2. A lubricant as defined in claim 1 wherein R1 has 
from 1 to about 5 carbon atoms. 

3. A lubricant as defined in claim 1 wherein R has 
from about 9 to about 19 carbon atoms. 

4. A lubricant as defined in claim 1 wherein water is 
present in an amount from about 50 to about 65 per 
cent by weight. 

5. A lubricant as defined in claim 1 wherein said 
biodegradable compound is present in an amount from 
about 25 to about 48 percent, by weight. 

6. A lubricant as defined in claim 1 wherein said 
biodegradable compound is present in an amount from 
about 30 to about 48 percent, by weight, 
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7. A lubricant as defined in claim 1 containing an 3,505,844 4/1970 McLean -------- 252-49.5 X 
emulsifying agent in an amount from about 2 to about 3,507,792 4/1970 Zuraw ------------- 252-49.5 
5 percent, by weight. 2,820,007 1/1958 Van Dee Minne et al. 

8. A lubricant as defined in claim 1 wherein said 252-49.5 X 
biodegradable compound comprises methyl soyate. 3,039,960, 6/1962 Bennett --------- 252-49.5 X 

9. A lubricant as defined in claim 1 wherein said 3,088,914 5/1963 Holzinger 252-49.5 X 
biodegradable compound comprises methyl laurate. 3265546 8/1966 Wiesel 252.7 x 

10. A lubricant as defined in claim 1 wherein said 3.286,025 10/1966 Waldmann III. 252-77 X 
biodegradable compound comprises butyl palmitate. 3.298,554 1/1967 Brown 25249.5 x 
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