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The present application is a continuation-in-part of 
application Ser. No. 177,968, filed on Mar. 7, 1962, now 
U.S. Patent No. 3,242,200. 
This invention relates to an improved method for in 

proving the working properties of metals in operations 
Such as rolling, drawing, extruding and stamping. More 
particularly, the present invention pertains to an im 
proved method for lubricating ferrous and nonferrous 
metals. 

Ferrous and nonferrous metals are treated at the 
present time with various compositions in order to re 
duce burring, overheating, staining and excessive wear 
of the metals during milling and machining operations. 
Commonly employed compositions in this type of lubrica 
tion include soap and fat dispersions in the lubrication 
of copper tubing and wire during drawing operations, 
nonaqueous mineral oil solutions of esters such as butyl 
stearate in the treatment of aluminum and its alloys, and 
emulsions based on petroleum sulfonates and various oils 
known to the art as “soluble oils” in the cutting, drilling 
and sawing of ferrous metals. 
The above systems, as well as other lubrication sys 

tems used at present, have certain undesirable features. 
For example, the use of soap and fat dispersions neces 
sitates the installation of specially baffled tanks necessary 
to precipitate the copper soaps formed, thereby resulting 
in increased production costs. Employment of non 
aqueous mineral oil-butyl stearate solutions in the prep 
aration and handling of aluminum and its alloys requires 
the subsequent use of a nonaqeuous solvent-type cleaner 
which is both costly and presents occupational and fire 
hazards. In the working of ferrous metals, different 
formulations are required for various operations result 
ing in high cost and operating difficulties caused by water 
loss from emulsions by evaporation, contamination result 
ing in subsequent inversion of the emulsion, contamina 
tion of other systems producing difficulties elsewhere 
on the production line, etc. 

Therefore, it can be readily seen that a method for 
lubricating ferrous and nonferrous metals during milling 
and machining operations without incurring operational 
and economic difficulties heretofore experienced would 
be highly desirable in the art. 

It is therefore an object of the present invention to 
provide an improved method for lubricating ferrous and 
nonferrous metals. 

It is a further object of the present invention to pro 
vide an improved method for lubricating ferrous and 
nonferrous metals which will not contain inherent opera 
tional and economic disadvantages heretofore experi 
enced in the art. 

Additional objects of the present invention, if not 
specifically set forth herein, will be readily apparent to 
one skilled in the art from the following detailed descrip 
tion of the present invention. 

In general, the objects of the present invention are 
accomplished by lubrication of the ferrous or nonferrous 
metal with an aqueous dispersion of a material prepared 
by reacting a monohydric, non-ionic polyoxyalkylene 
composition with an epoxidized ester. 

Generally, the compositions employed in the present 
invention comprise derivatives of oxirane substituted 
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aliphatic acids and esters wherein the oxirane group is 
broken and oxyalkylene containing compositions and 
radicals of lower polyhydric alcohol ethers are sub 
stituted on one carbon which before the reaction had 
formed the oxirane group and the adjacent carbon which 
had formed the other carbon of the oxirane group is 
Substituted with a hydroxyl group or an oxylalkylene 
group. 
More Specifically, the compositions used in the present 

invention include the products resulting from the 
catalyzed reaction between oxirane esters of a hydro 
phobic character and having a molecular weight, pref 
erably above about 200, with oxyalkylene substituted 
alcohols having one available hydroxyl group. Catalysts 
most useful in insuring the desired reaction between the 
hydroxyl group of the alcohol and the oxirane containing 
esters are the strong Lewis acids, tertiary amines and 
alkali metal alcoholates. 

Oxirane-substituted compounds which can be em 
ployed in producing the non-polymeric surface-active 
materials of the invention, as has been noted previously, 
comprise the hydrophobic higher molecular weight or 
ganic acids and esters having one or more oxirane groups. 
The epoxidized triglycerides represent a very convenient 
source of the oxirane-substituted materials. Epoxidized 
animal, vegetable and marine triglycerides are well 
known in the art, and examples of these materials include 
epoxidized soybean oil, epoxidized linseed oil, epoxidized 
safiower oil, epoxidized perilla oil, epoxidized lard oil, 
epoxidized tallow and epoxidized fish oils such as men 
haden and sardine oil as well as epoxidized sperm oil. 
These compositions are readily available in that the 
naturally occurring ethylenically unsaturated materials 
can be epoxidized by methods well known in the art to 
provide compositions having varying amounts of oxirane 
substitution. 

Other aliphatic alcohol esters of oxirane-substituted 
higher fatty acids such as mono- and dihydric alcohol 
esters wherein the alcohol portion of the ester is a mono 
hydric aliphatic alcohol having 1-8 carbons or a dihydric 
aliphatic alcohol having 2-6 carbons are also contem 
plated. Suitable monohydric alcohols providing the 
alcohol moiety of the epoxy fatty acid esters include 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, amyl, 
isoamyl, hexyl, hepty and octyl alcohols. Dihydric 
alcohols which may be employed to provide the alcohol 
moiety of the epoxy fatty acid ester include ethylene 
glycol, 1,2-propane diol, 1,3-propane diol, dimethyl 
ethylene glycol, trimethylene glycol, tetramethylene gly 
col, up to and including hexamethylene glycol. Polyhy 
dric alcohol esters of the oxirane-containing fatty acids 
which can be employed to provide the oxirane-contain 
ing reactant include the epoxy higher fatty acid esters 
of tri-, tetra-, penta- and hexa-hydric alcohol esters of 
the fatty acid moiety. Included within this group are 
those aliphatic alcohols having 3-6 carbons and 3 or 
more alcohol groups. These alcohols include glycerol, 
erythritol, penta-erythritol and hexitols such as mannitol 
and sorbitol. Synthetic triglycerides such as epoxidized 
triolein, epoxidized trilinolein and epoxidized trilinolenin 
are also contemplated. Generally, esters of acids of the 
type such as epoxidized oleic acid, epoxidized linoleic 
acid and epoxidized linolenic acid are preferred. 

Esters of epoxidized higher fatty alcohols with lower 
mono- and polycarboxylic aliphatic acids are also contem 
plated. Included in this group are 9,10-epoxy stearoyl 
acetate, di-(9,10-epoxystearoyl)maleate and di-(9-, 10-, 
12-, 13-diepoxystearoyl)adipate. 
The hydroxyl supplying reactant can be selected from 

the group consisting of ethers and esters of aliphatic mono 
hydric alcohols. Examples of compositions of this type 
are the alkyl phenol polyoxyalkylene glycol adducts such 
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as nonyl phenyl ethylene oxide condensation products 
wherein 6-12 mols of ethylene oxide are combined with 
each mol of nonyl phenol. The alkyl group on the benze 
noid ring of Such composition can contain 8-14 carbons 
and can be either a straight or branch chain. Lower alkyl 
and alkenyl ethers such as the 1-4 carbon ethers of 
polyoxyalkylene glycols are also contemplated. 
The esters of the polyoxyalkylene glycols include the 

higher fatty acid esters containing 10-22 carbons in the 
fatty acid portion of the molecule. These acids are ob 
tained from naturally occurring fats and oils. Tall oil fatty 
acid esters of polyoxyethylene glycol having 12-18 oxy 
ethylene groups are typical of the higher fatty acid esters 
of polyoxyalkylene compounds. 

Typical structures of the adjacent hydroxyl and ether 
groups on the hydrocarbon chain which before reaction 
were occupied by the epoxy groups are as follows: 

(A) 

QH Q(CH-CHo). X 
-CEI-CE 

(B) 

9H 9 (CHCHo)-c-R, 
-CH-CH 

(C) OH O (CH2CH2O).R. 
-CH-CH 

where X is H or aliphatic hydrocarbon radical of 8-14 
carbons, n is 1-100, R1 is an aliphatic hydrocarbon radical 
of 9-21 carbons, and R2 is an aliphatic hydrocarbon radi 
cal of 1-6 carbons. 

Generally, the compositions of the present invention 
will contain about 1-5 of the above groups. 

While the compositions illustrated have for convenience 
been shown containing oxyethylene groups it should be 
understood that compositions made up of oxypropylene 
and oxybutylene groups are also encompassed by the in 
vention. 
As previously stated, the catalytic agent utilized in pro 

ducing the compositions used in the present invention 
may be selected from the group consisting of strong Lewis 
acids, tertiary amines and alkali metal alcoholates. Suit 
able catalysts include Friedel-Crafts type catalysts such 
as the halides of boron, iron, aluminum, silicon, antimony, 
tin, arsenic, zinc, and zirconium. Also, tertiary amines 
Such as benzyl dimethyl amine, lower C1 through C tri 
alkyl amines and trialkylolamines are satisfactory catalysts 
as are potassium ethylate, sodium methylate, etc. Boron 
trifluoride and boron trifluoride complexes are preferred, 
although lower alkoxides of metals such as aluminum and 
titanium isopropoxides and isobutoxides are also satis 
factory. A catalytic amount of about 0.5-7% based upon 
the epoxide depending upon the activity of the specific 
catalyst will ordinarily be employed. 
The ratio of the oxirane-containing material to the 

alcohol composition which are combined is usually main 
tained so that there are sufficient hydroxyl groups to react 
with each epoxide group and insure that the degree of 
functionality in the reaction product is held at a mini 
mum. If an excess of either reactant is to be employed, it 
is preferred that the hydroxy compound be present in an 
CXCCSS. 

In order to prepare the lubricants suitable for use in 
the present invention, the above-described compositions 
are formed into a uniform aqueous dispersion by mild 
agitation. From about 0.5 to about 50%, and preferably 
from about 1.0 to about 10% by weight of the composi 
tion is combined with water. 
The following examples illustrate the production and 

use of the above specified compositions in the present in 
vention. These examples are presented merely for pur 
poses of illustrating the present invention. 
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4. 
Example I 

Epoxidized soybean oil having an oxirane content of 
6.95% was added to 640 grams of ethoxylated nonyl phe 
nol. The ethoxylated nonyl phenol is the condensation 
product of 9.5 mols of ethylene oxide condensed with one 
mol of nonyl phenol. Two hundred fifty grams of epoxi 
dized oil was added to a dispersion of 8 grams of a 
boron trifluoride-ethyl Cellosolve complex in the ethoxy 
lated nonyl phenol. The mixture was stirred and an exo 
thermic reaction took place as the polyoxyethylene ether 
reacted with epoxidized oil. A milky white dispersion was 
then produced by mixing 20 grams of the material thus 
formed with 180 grams of water. This dispersion was 
evaluated for lubricity at a metal-metal interface in a “Bar 
oid' oil well drilling mud tester in which a rotating metal 
ring is brought into contact with the surface of a metal 
block beneath the surface of the test solution. Pressure 
is applied to the block and is measured by means of a 
torque wrench. Seizure is indicated by monitoring an am 
meter which measures the current drawn by the motor and 
noting the torque value at which it increases precipitably. 
Failure occurred at a value of 132 foot pounds as op 
posed to 53 foot pounds for a 10% solution of a di 
ethanolammonium oleate-lauryl diethanol amide blend 
commonly used as an aqueous drawing compound. 

Example II 
A composition was formed by reacting 310 grams of 

ethoxylated nonylphenol (1.5 mols ethylene oxide) with 
230 grams of epoxidized soybean oil in the presence of 
1.25 grams of boron trifluoride etherate under reaction 
conditions such as those taught in Example I. The material 
formed by this reaction was not self-dispersible in water 
and was somewhat darker than that of Example I. How 
ever, dispersibility was restored by the addition of 10% 
of the reaction product of Example I and the material 
thus formed exhibited lubricating properties comparable to 
those obtained in Example I. 

Example III 
Four hundred ten grams of ethoxylated octyl phenol 

(43% by weight ethylene oxide) were reacted with 180 
grams of epoxidized inseed oil (oxirane oxygen 9.03%) 
in the presence of 3 grams of tin tetrachloride. The pro 
cedure used was the same as that of Example I. This 
material exhibited properties almost identical to the prop 
erties of the material obtained in Example I, but was of 
a slightly darker color. 

Example IV 
Five hundred grams of ethoxylated oleyl alcohol (54% 

by weight ethylene oxide) were reacted with 385 grams of 
epoxidized sperm oil (oxirane oxygen 4.14%) in the pres 
ence of 4 grams of antimony pentachloride by a pro 
cedure as that taught in Example I. The resultant product 
was quite dark in color but exhibited desirable properties 
as a lubricant. 

Example V 
Seven grams of epoxidized soybean oil were reacted 

with 34 grams of ethoxylated dinonylphenol (73% by 
weight ethylene oxide) in the presence of 12 drops of 
boron trifluoride-Cellosolve complex by a procedure simi 
lar to that of Example I. The resultant material was a 
pasty liquid which showed desirable lubricating properties 
and also showed utility as a fluid-loss inhibitor in drilling 
muds indicating that it could be used in the lubrication of 
drilling bits in oil wells. 

Example VI 
Nine hundred sixty grams of epoxidized 2-ethylhexyl 

tallate (oxirane oxygen 4.2%) were reacted with 610 
grams of ethoxylated dodecyl mercaptain in the presence 
of 5 grams of boron trichloride by the procedure of 
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Example I. The product resulting from this reaction ex 
hibited utility as a lubricant for drilling and cutting opera 
tions in ferrous metals. 

Obviously, many modifications and variations of the 
invention as hereinbefore set forth may be made without 
departing from the spirit and scope thereof and, therefore, 
only such limitations should be imposed as are indicated in 
the appended claims. 

I claim: 
1. A method for improving the working properties of 

metals comprising: applying to a metal-metal interface 
an aqueous dispersion of an ester of a higher fatty acid, 
the fatty acyl chain of said ester having substituted on 
adjacent carbons hydroxyl groups and ether radicals, said 
ether radicals being selected from the group consisting 
of oxyalkylene ethers and oxyalkylene esters. 

2. The method of claim 1 wherein the aqueous disper 
sion contains from about 0.5% to about 50% of said 
ester. 

3. The process of claim 1 wherein the polyoxy alkylene 
compound contains about 40-90% by weight oxyalkylene 
groupS. 

4. The process of claim 1 wherein the ester has a 
molecular weight of above about 200 and contains from 
about 1 to about 5 pairs of hydroxy groups and ether 
radicals. 
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5. The process of claim 1 wherein the ester is derived 

from a naturally occurring triglyceride. 
6. The process of claim , wherein the ester employed 

contains from about 1 to about 5 of the following groups 

QH Q-(Yo)-2 
-CE-CE 

where Y is an alkylene group of 2-4 carbons, n is 1-100 
and Z is selected from the group consisting of acyl, phenyl, 
phenyl alkyl, and lower alkyl groups. 

7. The process of claim 1, wherein said ether radicals 
are ethers of alkoxylated alkyl phenols. 
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