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1. 
This invention relates to improved lubricating 

compositions and more particularly to emulsi 
fiable lubricating compositions adapted for cool 
ing and lubricating of surfaces subjected to high 
speeds, high temperatures, extreme pressures and 
the like, such as encountered in various metal 
fabrication operations. 

Lubricants suitable for use in metal fabrica 
tion such as in lathe work, cutting, drilling, 
reaming, broaching, drawing and the like must 
effectively cool and lubricate both the tool and 
worked metal. During Such operations an enor 
mous amount of heat is generated at the tool 
and work piece interface which must be quickly 
dissipated therefrom in order to prevent damage 
to either the tool or work piece or both. This can 
only be accomplished by flooding the tool and 
work piece with a fluid having a high capacity 
for heat adsorption. The Second function of such 
fluids, that of lubrication, is essential in reduc 
ing friction between contacting metals, thus pre 
venting wear, scoring and even welding of con 
tacting metal parts. Effective lubrication of the 
tool and work piece during metal cutting and the 
like reduces the tendency of build-up formations 
on the tools which generally account for rough 
surface finishes, inaccurate cutting dimension 
and even tool failure. Cutting fluids which ade 
quately perform the functions discussed increase 
tool life, increase the speed of such operations, 
improve the surface finish of the work piece, de 
crease power consumption by efficient lubrica 
tion and the like. 

Countless compositions have been compounded 
for aiding in cooling and lubricating during metal 
fabrication such as cutting and the like. Where 
a cooling effect is most desired water is most 
suitable because of its high capacity to adsorb 
heat. However water has a serious drawback in 
that it causes corrosion and is an exceedingly 
poor lubricant. Although addition of corrosion 
inhibitors to water can aid in overcoming its 
corrosion tendencies, the composition still re 
mains a poor lubricant, thus rendering Substan 
tially useless as a cutting fluid especially under 
stringent operating conditions. Straight hydro 
carbon oils although they aid lubrication to Some 
extent are relatively poor coolants and are in 
capable of acting as effective lubricants under 
extreme pressure conditions and high tempera 
tures. To some extent the addition to straight 
hydrocarbon oils of fixed fatty oils or sulfurized 
and/or halogenated fatty oils or other such 
treated materials, aids lubrication under cutting 
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strength of the lubricant. However the presence 
Of Such materials in a hydrocarbon oil does not 
improve its cooling properties and frequently is 
the cause of corrosion and staining the work 
piece. Fixed oils also have a tendency of be 
Coming rancid, developing obnoxious odors there 
by rendering them useless. Highly halogenated 
additives as well as mineral oil frequently cause 
skin irritation resulting at times in serious cases 
of dermatitis. Water in oil or oil in water emul 
Sions containing extreme pressure additives de 
Signed to utilize combined beneficial effects of 
Water and oil, fortified by extreme pressure ad 
ditives have met with little success. Such emul 
Sions are generally unstable, having a tendency 
to thicken due to evaporation of water, become 
gummy, causing clogging of conduit lines and 
Sticking of movable machine parts. 

It is an object of this invention to produce a 
cutting fluid having excellent cooling and lubri 
cating properties. Another object of this inven 
tion is to produce a non-corrosive aqueous cut 
ting emulsion. Still another object of this in 
vention is to produce a stable, non-corrosive, 
aqueous cutting composition free of ingredients 
of an infectious nature. Furthermore it is an 
object of this invention to produce a multi-func 
tional metal working lubricant suitable for use 
at high speeds, pressures and temperatures. 
The above and Other objectS may be attained, 

in accordance with the present invention, by 
adding to water or any aqueous composition, a 
minor amount, generally less than 5% by weight 
(although it may be from a fraction of one per 
cent to 10% or higher), of a reaction product 
prepared by forming adducts from an organic 
Compound having at least one unsaturated link 
age between two carbon atoms, and hydrogen 
sulfide or mercaptan, and thereafter separating 
from the mixture of compounds present in such 
adduct, that fraction thereof volatilizing at rela 
tively low temperatures, thereby isolating the de 
sired reaction product for use in aqueous compo 
Sitions Suitable for metal cutting and the like. 
The unsaturated Organic compounds from 

Which the reaction products of this invention may 
be prepared possess at least one unsaturated link 
age between two aliphatic carbon atoms regard 
less of the character of the compound embracing 
Such a linkage. The unsaturated hydrocarbons 
Such as the olefins (which term is intended to 
include mono-olefins, di-olefins and polymers 
thereof) are particularly contemplated. Exam 
ples of unsaturated hydrocarbons are: ethylene, 

conditions, by increasing the oiliness and film ss propylene, 1-butene, 2-butene, isobutylene, the 
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amylenes, 1-hexene, 2-hexene, 4-methyl-1-pen 
tene, 4-methyl-2-pentene, 4,4-dimethyl-1-pen 
tene, 1-octene, 1-decene, 1-cetene, styrene, cyclo 
hexene, 3-methyl-cyclohexene, 1,4-diphenyl-2- 
butene, 1,3-butadiene, 1,3-pentadiene, 1,4-penta 
diene, 1,4-hexadiene, 1,5-hexadiene, acetylene, 
methylvinylacetylene, octylacetylene, phenylacet 
ylene, and their homologs and analogs. When 
mono-olefins are used, those having a relatively 
high molecular weight are preferred. 
The unsatulated hydrocarbons of the above 

defined class may also have one or more of their 
hydrogen atoms substituted by Suitable Organic 
and/or inorganic substituents, which may in 
clude substituents such as alkoxy, alkenoxy, aryl 
oxy, alkyloxy, aralkyloxy, alkylimido, etc. 
The reaction products prepared according to 

the present invention are especially versatile if 
the unsaturated compound has a terminal ali 
phatic unsaturated linkage. The unsaturated 
ethers, such as diallyl ether and divinyl ether, 
meet this latter requirement and are a preferred 
class of Substances useful in the preparation of 
the lubricants of the present invention. One 
group of Such unsaturated ethers comprises the 
aliphatic oxyethers in which only one of the 
aliphatic radicals attached to the ether oxygen 
atom contains an unsaturated linkage. Ex 

lples of such ethers are ethyl vinyl ether, ethyl 
propenyl ether, methyl isopropenyl ether, ethyl 
isopropenyl ether, methylallyl ether, ethyl allyl 
ether, n-propyl allyl ether, isopropyl allyl ether, 
4-ethoxy-1-butene, 6-ethoxy-i-hexene, ethyl 
propargyl ether, etc. and their homologs and 
analogs. The above unsaturated ethers and 
their homologs may be substituted by straight 
chain, cyclic and/or heterocyclic radicals, as well 
as by halogens. 
Another group of suitable unsaturated ethers 

Which may be employed as a starting material in 
preparing the reaction products of the present 
invention comprises the aliphatic thioethers in 
which only one of the radicals attached to the 
thioether Sulfur atom contains an unsaturated 
linkage. Examples of this group are ethyl vinyl 
Sulfide, ethyl isopropenyl sulfide, and the like. 
While suitable reaction products of this inven 

tion may be prepared from the above types of un 
Saturated ethers, it is preferred that both radicals 
attached to the ether oxygen or thioether sulfur 
groups contain unsaturated (preferably olefinic) 
linkages, since the adduct formed therefrom 
usually contains a relatively large fraction hav 
ing Superior lubricating properties. The follow 
ing are illustrative examples of such poly-un 
Saturated ethers: divinyl ether, diisopropenyl 
ether, diallyl ether, dicrotyl ether, dimethallyl 
ether, di(alpha-methyl-allyl)ether, (1-butene-3- 
yl) (2-butene-4-yl) ether, dihexenyl ether, allyl 
(2-methyl-4-pentene-2-yl) ether, allyl linallyl 
ether, etc., as Well as the halogenated deriva 
tives of the type of hexachlorodivinyl ether, etc. 
The corresponding thioethers in which each radi 
cal attached to the sulfur atom contains an un 
Saturated linkage between two carbon atoms in 
clude divinyl sulfide, di(beta-chlorovinyl) thio 
ether, diallyl sulfide, dicrotyl sulfide, dimethyal 
lyl Sulfide, dihexenyl sulfide, and the like, and 
their homologs and analogs. 
The ethers employed as the starting material 

for the preparation of the present lubricants may 
also contain more than one ether oxygen atom 
and/or thioether sulfur atom, this group of un 
Saturated ethers being represented by compounds 
of the type of 1,2-bis(vinyloxy) ethane, 1,3-bis 
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4. 
(vinyloxy) propane, 1,2-bis(allyloxy) ethane, and 
the like, as well as by the unsaturated disulfides, 
such as divinyl disulfide. 
At times, especially for extreme pressure pur 

poses, it is highly desirable that halogen atoms 
be present in the final reaction product. For 
this purpose, in accordance with the present in 
vention, the reaction products may be prepared 
from adducts involving a halogenated unsat 
urated organic compound. Such halogenated un 
saturated compounds may contain one or more 
unsaturated linkages, preferably of olefinic char 
acter. These compounds may contain. One Or 
more halogen (i. e. chlorine, bromine, iodine, 
and/or fluorine) atoms which may be attached 
to Saturated or unsaturated carbon atoms of the 
compound. 

Examples of such halogenated hydrocarbons 
are: vinyl halides, allyl halides, 2-halo-propylene, 
crotyl halides, isocrotyl halides, 4-halo-1-butene, 
methallyl halides, 2-halo-2-butene, mono-halo 
genated-acetylenes, propargyl halides, 1,1-di 
halo-ethylenes, 3-halo-1-pentene, 3-halo-cyclo 
hexene, 2-halo-1,4-diphenyl-2-butene, 3-halo 
1,4-pentadiene and their homologs. The above 
class of halogenated compounds may be further 
Substituted in the nucleus and/or in the substi 
tuents in various degrees by straight-chain, 
branched chain, carbocyclic, and/or heterocyclic 
radicals, and by Such substituents as alkoxy, 
alkenoxy, aryloxy, alkylimido groups and the 
like. Also, the organic compounds of the above 
class may contain two or more halogen atoms 
which may be attached to saturated and/or un 
Saturated carbon atoms. 
As stated hereinbefore, the adducts from which 

the present reaction products are derived are 
formed by reaction of one or more of the above 
unsaturated organic compounds with hydrogen 
Sulfide or a mercaptain or polymercaptan. Any 
Sufficiently stable aliphatic mercaptain is suitable 
as a reactant for the formation of such adducts. 
A suitable aliphatic mercaptain may contain one 
Or more Sulfhydryl groups or radicals. In the 
majority of cases it is preferable to employ the 
normal or isoalkyl chain mercaptains of primary, 
Secondary or tertiary character, particularly 
those containing in or derived from petroleum or 
petroleum products. The methyl, ethyl, butyl, 
anyl, hexyl, heptyl, octyl and the like mercaptains 
as Well as their homologs, analogs, and substitu 
tion products, may be employed with excellent 
results. 
Another group of mercaptains which may be 

employed as one of the two reactants comprises 
the dimercaptains, and particularly the poly 
methylene dimercaptains of the general formula 
(HS (CH2) nSH. This group of mercaptains may 
be reacted with, for example, aliphatic hydrocar 
bons containing a plurality of unsaturated link 
ages to produce polythioethers having a high 
molecular weight. 
A particularly Suitable group of unsaturated 

organic compounds which may be employed with 
these dimercaptains includes the unsaturated 
compounds containing unsaturated lingages of 
aliphatic character in alpha and omega positions 
(i. e. in terminal positions). Thus, by the 'ab 
normal" type of addition, described hereinafter, 
the resulting products predominate in or consist 
of mercaptothioethers and polythioethers. In 
Stead of employing aliphatic straight chain poly 
unsaturated hydrocarbons, it is also possible to 
use branched chain hydrocarbons or substituted 
derivatives thereof, provided such compounds 
contain at least one, and preferably two or more 
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unsaturated linkages of aliphatic character. 
These polyunsaturated Organic compounds may 
or may not have unsaturated linkages in alpha 
and Omega positions. 
The formation of the subject adducts may 

follow two general courses, dependent upon the 
conditions (especially the catalyst) employed. 
First, the addition may take place according to 
the mechanism in which the Sulfur atom of 
the hydrogen sulfide or mercaptain attaches pre 
dominately to the unsaturated carbon atom hold 
ing the greatest number of hydrogen substituents. 
Secondly, the mechanism may be that whereby 
the sulfur atom of the hydrogen sulfide or mer 
captain attaches predominantly to the unsatu 
rated carbon atom holding the fewer hydrogen 
substituents. 
The first mechanism referred to above is termed 

"abnormal' addition, since it follows a course 
contrary to that postulated by Markownikoff's 
rule. The "abnormal' addition is promoted by 
the presence of such catalysts as ultra violet light, 
peroxides, oxygen, air, etc. This addition reac 
tion occurs according to the "rule' advanced by 
Posner (Berichte 38, 646 (1904). 
The second mechanism referred to above is pro 

moted by the presence of such catalysts as alumi 
num chloride, silicon tetrachloride, titanium 
tetrachloride or basic catalysts such as pyridine, 
piperidine, alkali metal hydroxides, alkaline 
earth metal hydroxides, and primary, Secondary 
and tertiary amines. 
The catalyst may be used in a wide range of 

concentrations, but preferably is present in 
amounts from about 1 mol percent to about 10 
mol percent, based on the total mols of reactants 
present. Optimum results are obtained when 
the catalyst concentration is from about 2 to 
about 5 mol percent. 
The ratio of unsaturate to hydrogen sulfide 

or mercaptain may vary within relatively wide 
limits, but preferably is between 0.5 and 2 mols 
unsaturate to 1 mol hydrogen sulfide or ner 
captain. 
The temperature at which the reaction is con 

ducted will depend to a certain extent on the 
concentration, activity and stability of the cata 
lyst. If temperatures above about 150° C. are used 
when the catalyst concentration is as high as 
10 mol percent, the reaction may become violent, 
even to the point of explosion. However, if an 
active catalyst is present, even in amounts as 
low as about one mol percent, the reaction will 
proceed at a satisfactory rate at temperatures as 
low as about 40° C. It is preferable, from an 
economic and control standpoint, and when using 
about 2% mol percent of a catalyst, to maintain 
the temperature within the range from about 
75° C. to about 150° C. 
The time for which the adduct reaction is 

allowed to proceed will vary with the activity of 
the catalyst and the temperatures being en 
ployed. Usually the reaction will be completed, 
when the other conditions are as stated herein 
before, in from about 1 to about 48 hours, and 
close control of the reaction is obtained when 
conditions are such that the reaction time is 
from about 2 to 10 hours. 

Diluents may or may not be used, as desired. 
While they are not essential, their use at times 
may be preferable in order to reduce the vis 
cosity of the reaction mixture, to act as a mutual 
solvent for the reactants and catalyst, or to 
reduce the concentration of the reactants, thus 
allowing close control of the course of the re 
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6 
action. Preferably, the diluent is substantially 
inert with respect to the reactants or catalysts. 
Saturated hydrocarbons are useful for this pur 
pose. However, reactive diluents may be used 
for the purpose of initiating or terminating poly 
mer chains, so as to give adducts having modified 
properties, as more particularly pointed Outhere 
in after. 
The reaction proceeds at its optimum rate if 

retardants, such as hydroquinone, piperidine and 
certain metal salts, are absent. Upon comple 
tion of the formation of the adduct, the product 
is further treated to eliminate that fraction of 
the product which is too volatile, or otherwise 
unsuitable, for use as a lubricant. This treat 
ment may vary with the product and the type 
of lubricant desired, but usually comprises Selec 
tive solvent extraction for the removal of cata 
lyst and undesirable fractions, or partial distill 
lation, usually under diminished pressure, Or a 
combination of these two steps. 
An essential feature of the present invention 

is the substantially complete removal of the vola 
tile components of the adduct. Since the adduct 
reaction usually results in the formation of a 
mixture of products, this relatively volatile frac 
tion will vary, dependent upon the conditions 
under which the adduct is formed. Generally, 
the fraction volatilizing below about 100° C. at 
0.2 cm. mercury pressure is preferably removed 
in order to obtain a lubricant having optimum 
properties. 
The lubricant so obtained may be further 

treated in order to improve color, alter terminal 
groups, etc., if desired. A. 
The various substances described above may 

be chain-like monomers or polymers containing 
one or more terminal hydroxyl groupS. These 
hydroxyls may be acted upon by well known 
methods with such materials as etherifying or 
esterifying agents in order to obtain products hav 
ing altered properties, such as solubility, or im 
proved action as lubricants. 
Warious etherifying agents may be used for 

etherifying the terminal hydroxyls. These in 
clude alkyl halides, such as methyl iodide, methyl 
bromide, ethyl chloride, propyl iodide; aralkyl 
halides, such as benzyl chloride and methyl 
benzyl chloride; hydroxyalkyl chlorides, such as 
hydroxyethyl chloride; carboxyalkylating agents, 
such as sodium monochloracetate; and alkylene 
halides, such as allyl chloride. Ordinarily, the 
etherification is carried out in strongly basic. 
environment, sodium hydroxide, liquid ammonia 
and quaternary ammonium bases and salts being 
the usual basic substances present. 

Esterification of terminal hydroxyls may be 
accomplished with various inorganic groups such 
as nitrates, phosphates or sulfates. However, 
preferred esterifying agents are the organic acids, 
anhydrides or acid chlorides, and especially fatty 
acid anhydrides and their chlorides, including, 
for example, formic, acetic, propionic, butyric, 
hexoic, 2-ethylhexoic, acids and acid chlorides, 
and higher fatty acids such as lauric, Stearic, 
myristic, palmitic and capric acids. Usually, the 
esters are formed by treatment of the hydroxyl 
ated adduct with the anhydride of the acid in 
the presence of a catalyst such as Sulfuric or 
phosphoric acid. The saturated fatty acids form 
the most stable esters. 
At times it is preferable to allow only partial 

etherification or esterification, thus forming half 
ethers or half-esters instead of the di-ethers, 
or di-esters sometimes theoretically possible. For 
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other purposes end group hydroxyls may not only 
be partially or completely esterified or etherified, 
but also may be treated as to result in the forma 
tion of mixed ethers, mixed esters or ether-esters. 

Etherification or esterification of the end 
groups may take place simultaneously with or 
subsequent to adduct formation or may be ef 
fected prior to or subsequent to any decoloriz 
ing and purifying processes such as those de 
scribed hereinbefore. Preferably, the end-group 
modification is carried out immediately after 
adduct formation and before purification or de 
colorizing. 
When ethers or thioethers having unsaturated 

linkages in both radicals attached to the ether 
oxygen or thioether sulfur atom are treated with 
hydrogen sulfide or a mercaptain as described 
hereinbefore, the adducts are compounds having 
units of the general configuration: 

-S-R-X-R- 
wherein X is either sulfur or oxygen (dependent 
upon whether an ether or a thioether was used) 
and each R is an organic radical, preferably a 
saturated hydrocarbon radical. 
When the adduct is formed from hydrogen 

sulfide and an oxyether having unsaturated link 
ages in both radicals attached to the ether oxygen 
atom, the polymer has the general formula: 

R1-S-R-O-Ralm-R4 
wherein Ra and R3 represent like or different 
substituted or unsubstituted hydrocarbon radir 
cals, m is an integer, R1 represents the hydrogen 
atom or a radical such as -CH=Rs-O-R6-, 
and R4 represents the sulfhydryl radical or a 
radical such as -S-R-O-R8=CH2, wherein 
R5 through R8 represent like or different sub 
stituted or unsubstituted hydrocarbon radicals. 
An outstanding member of this group is the 
adduct of diallyl ether and hydrogen Sulfide. 
When an unsaturated thioether is treated with 
hydrogen sulfide, the polymer corresponds to 
that above, except that the oxygen atoms are all 
replaced by sulfur atoms, thus giving a polymer 
having a high sulfur content, especially useful 
for extreme pressure lubrication. An Outstand 
ing member of this group is the adduct of diallyl 
sulfide and hydrogen Sulfide. 

Cs 
To more clearly illustrate the present inven 

tion, the following examples are presented. It 
is to be understood, however, that various modi 
fications can be resorted to without departing 
from the spirit of the invention as presented in 
the Subjoined claims. 

EXAMPLE I 
Equal molar quantities of hydrogen Sulfide and 

diallyl ether were introduced in the liquid state 
into a chilled quartz bomb tube which was 
Sealed under a high vacuum. The tube was then 
warmed to about 0° C., disposed in a quartz 
container packed with ice, and subjected to 
illumination from a 400 Watt quartz, mercury arc 
lamp disposed at a distance of about 6inches 
from the bomb. The irradiation was continued 
for about eighty minutes. During this period, 
the volume of the solution in the bomb decreased 
about 15%, most of this contraction occurring 
during the first 20 minutes of irradiation. The 
reaction product was a water-white liquid which 
was distilled to a temperature of about .235 C. 
under a pressure of about 2.3 cm. (mercury) to 
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separate the relatively lighter boiling constituents 
which amounted to about 8% by weight of the 
total. The residue fraction remaining from the 
aforesaid distillation Was found to have the foll 
lowing properties: 
Molecular weight (cryo. benzene) --------- 674 
Sulfur, percent by weight.---------------- 24.8 
Mercaptain, as Sulfur, percent by weight--- 5.1 
Viscosity index.-------------------------- 52 
Wiscosity at 100' F., in centistokes.--------- 66.6 
Wiscosity at 210 F., in centistokes-------- 3.26 
S. A. E.--------------------------------- 30 
Micro pour point, C-------------------- -45 
Yield, percent by weight----------------- 92 
From the above and other analyses it appears 

that this poly-addition product, on the average, 
has the following structural formula: 

This product has a molecular weight of 660, a 
Sulfur content of about 24% by weight, and a 
mercaptain content (as sulfur) of 4.85% by 
Weight. 

EXAMPLE II 
Equimolar amounts of liquefied hydrogen sul 

fide and dimethallyl ether were introduced into 
a quartz bomb and irradiated with light emanat 
ing from a quartz mercury arc lamp under the 
same conditions as those employed in Example 
I. The reaction was continued for about 2 hours. 
The reaction product was then heated to 240° C. 
at a pressure of about 2 cm. (absolute). This 
caused the distillation of about 17% of the total 
product. An analysis of the remaining fraction 
gave the following results: 
Molecular weight (cyro.-benzene).------- 661 
Sulfur, wt. percent---------------------- 23.1 
Mercaptain, as Sulfur, wt. percent--------- 7.8 
Micro pour point, C--------------------- -35 
WiscOSity at 100 F., in centistokes------- 62.1 
Wiscosity at 210 F., in centistokes------- 10.01 
Viscosity index.-------------------------- 136 
S. A. F--------------------------------- 20 
Yield, wt. percent.----------------------- 83 
From the above, it appears that this methallyl 
ether-hydrogen sulfide addition product has the 
following average structure: 

bH, &H, 
EXAMPLE III 

The apparatus employed in this run consisted 
of a 500 cc, 3-neck flask equipped with a con 
denser, a quartz thimble holding a 100-wattmer 
cury arc lamp projecting downwardly from the 
center neck to a point about 0.5 cm. above a 
Sintered glass bubbler built into the bottom of 
the flask. Approximately 180 cc. of divinyl 
ether were introduced into the flask, which was 
maintained at a temperature of about 0° C. The 
contents of the flask were then illuminated with 
the above-mentioned lamp and approximately 
0.28 mole of hydrogen sulfide were bubbled into 
the liquid divinyl ether at a rate of approxi 
mately 220 cc. per minute. About 15 minutes 
after the starting of the run a small amount of 
a White Solid began to form on the walls of the 
flask. At the end of the run the reaction mix 
ture was distilled. After removal of the unre 
acted divinyl ether approximately 30% of the 
remaining reaction mixture boiled above 240° C. 
at a pressure of about 1 cm. (absolute). This 
addition product had a viscosity index of 144, 
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OkAMPLE IV. 
Di-(beta-mercapto ethyl) ether and diallyl 

ether, were reacted in substantially equimolar 
amounts, the interaction being effected photo 
chemically under the deliberate influence of ul 
traviolet radiations emanating from a quartz 
mercury arc lamp. The reaction was continued 
for about one hour during which time the Wo 
ume of the reactants in the quartz vessel de 
creased by about 15%. The reaction product 
was a water-white, viscous liquid. This prod 
uct was subjected to distillation to produce a 
residual fraction boiling above 240° C. at a pres 
Sure of 8 mm. This residual fraction had the 
following properties: 

Molecular Weight.------------------------ 871. 
Pour point, 'C-------------------------- -39 
Sulfur, per cent by wt.------------------ 28.5 
Mercaptan, as Sulfur, per cent by wt.---- 6.6 
Wiscosity index.-------------------------- 151. 
S. A. E.--------------------------------- 20 

From the above, it appears that this addition 
product has the following average structural 
formula: 

HS-(RS) 5-RSH 

wherein R, represents -(CH2)3-O-(CH2)3- 

EXAMPLE W 

Equimolecular amounts of hydrogen sulfide 
and diallyl ether together with 5 mol percent di 
tertiary-butyl peroxide were heated in an auto 
clave at 100° C. for 30 hours. The fraction of 
the product boiling above 240° C., at 0.2 cm. 
mercury pressure (70% of the charge) had the 
following properties: w 

Wiscosity, centistokes at 100 C---------- 77.0 
Wiscosity, centistokes at 210 F------------ 13.0 
Viscosity index.-------------------------- 143 
S. A. E.--------------------------------- 30 
Pour point, F-------------------------- -60 

EXAMPLE WI 

One hundred sixteen parts allyl alcohol, 35 
parts hydrogen sulfide and 12.9 parts di-normal 
butylamine were heated together in an autoclave 
at 100° C. for 48.5 hours. The product was sub 
jected to distillation, the lubricating fraction 
being that part of the product boiling above 
about 134° C. at 0.3 cm. mercury pressure, and 
consisting essentially of bis(beta-hydroxy-alpha 
methylethyl) sulfide. A by-product obtained in 
the condensation was beta-hydroxy-alpha 
methylethyl mercaptain. 
The above reaction products may be dispersed 

in Water or any other aqueous medium in minor 
amounts in Order to obtain excellent cutting 
and metal working lubricants. Generally, the 
amount of adduct added need not exceed 5% 
by weight and amounts of from 1 to 5% have 
been found to be desirable. However, higher 
concentrations may be used and under some con 
ditions above 10% and higher may be used. 
To further improve metal working lubricants 

of this invention minor amounts generally of less 
than 1% by weight and preferably between 
about 1.15 and 0.5% of a corrosion inhibitor may 
be added to the aqueous emulsion. The cor 
rosion inhibitors suitable for use in compositions 
of this invention may be any soluble inhibitor 
which does not interfere with the function of 
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10 
the extreme pressure reaction product of this 
invention or have any other deleterious effect 
either on the composition, the metal being ma 
chined, or on the user of the composition. Among 
the corrosion inhibitors, which may be used are 
organic and inorganic nitrites, alkali borates, 
chromates, dichromates, silicates, phosphates, 
carbonates, Soaps, such as chromium soaps, al 
kanolamine soaps, alkali metallic soaps of water 
soluble sulfonic acids, and the like. Particularly 
preferred corrosion inhibitors are the nitrite salts 
of organic nitrogen bases, The organic bases 
preferably used in preparing these inhibitors in 
clude primary, secondary and tertiary amine 
and quaternary ammonium bases. 

Specific examples of suitable organic nitrogen 
bases are listed below: , 
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Primary amines--Methylamine, 2-amino-3- 
methylbutane, isopropylamine, isobutylamine, 
various hexyl, heptyl, octyl, nonyl, decyl, do 
decylamines; parafin wax amines prepared by 
chlorination of paraffin wax and ammonolysis 
of the product; cyclohexylamine, trimethyl cy 
clohexylamine, benzylamine, beta phenyl ethyl 
amines, tetrahydrobetanaphthylamine, allyl 
amine, etc. 
- Secondary amines.-Methyl n-butylamine, 
methyl isobutylamine, methyl tertiary butyl 
amine, methyl amylamine, amylhexylamine, n 
methyl cyclohexyl amine, dicyclohexylamine, 
methyl benzylamine; corresponding ethyl, propyl 
and higher amines; dibenzylamine, di(beta 
phenyl ethyl) amine; piperidine, piperazine, 
morpholine, etc. 

Tertiary amines. Tri-ethylamine, tri-n-pro 
pylamine, tri-isopropylamine, tri-butylamine, 
triamylamine, higher trialkylamines, having, jf 
desired, different alkyl radicals, including alicy 
clic and alkaryl radicals such as dimethyl benzyl 
amine, methyl dibenzylamine, dimethyl cyclo 
hexylamine, methyl cyclopentamethyleneamine, 
etc. 
Quaternary ammonium bases.-Trimethyl 

hexylammonium, corresponding cyclohexyl, 
heptyl, ethyl cyclohexyl, benzyl, octyl, nonyl, tri 
methyl cyclohexyl, decyl, dodecyl, hexadecyl, 
Octadecyl, paraffin wax, etc., ammonium bases, 
tri-ethyl, tri-propyl, tri-butyl, etc. ammonium 
bases corresponding to the above; alkyl pyri 
dinium and similar bases as butyl, amyl, hexyl, 
cyclohexyl, heptyl, methyl cyclohexyl, benzyl, 
etc.; pyridinium or quinolinium bases, etc. 
These corrosion inhibiting salts should have a 

Sufficient number of carbon atoms to impart 
necessary Solubility and as a rule the nitrogen 
base should have at least 5 carbon atoms al 
though bases having less than 5 carbon atoms 
may be utilized. Also the hydrocarbon radicals 
may contain attached thereto polar radicals such 
as chlorine, ether, Sulfide, alcohol, amine, etc. 
radicals. 
A few of the compounds which are particu 

larly preferred from this class are benzyltri 
methylammonium nitrite, morpholic nitrite, di 
benzylamine nitrite, 3,3,5-trimethylcyclohexyl 
amine nitrite, cyclohexylamine nitrite, dicyclo 
hexyl amine nitrite, beta-phenylethylamine ni 
trite, 2,4,4,6-tetramethyl tetrahydro 1,3-oxazine 
nitrite, methyl isobutyl carbamine nitrite, piperi 
dine nitrite, dicyclohexylammonium nitrite, di 
cycloisopropylammonium nitrite, etc. 

If desired a minor amount of masking or per 
fuming agent may be added to improve the odor 
of the composition. Among such materials may 
be included low molecular weight aldehydes, 
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e.g. acetaldehyde, copper sulfate, oil of pines, angle, cutting, speed, general cutting conditions, 
oil of mirbane and the like. Or the odor of the e.g. tool rigidity and the like. 
reaction product may be improved by mild oxi 
dation or acetylation with acid halides, ketene, Minimum 
etc. 5 C Critical Reaction products may be used with any de- omposition 
sirable cutting oil emulsion particularly under 
extreme pressure conditions. In cases where an 1 Dry Cutting------------------------------------- a 
emulsion is used, the tiallyl ether HS addict Ea III: is added to the aqueous phase and the entire 10 ; 5%ish E. pyi) disulfidelings%water. 11 emulsion-stabilized with a coupling or detergent biohydroy propy disund in swater. agent. Any coupling agent may be used among 
which are the soluble salts of petroleum sulfonic The importance of maintaining the rake angle 
acids such as Sodium petroleum Sulfonate; of a tool at a minimum is that such tools are 

acids, rosin acids, petroleum 15 nuchstronger thereby resulting in increased 
EEEEE Sis e.g. SO- tool life, the coefficient of friction between tool 

dium oleyl sulfate, sodium lauryl Sulfate, So- and chip is much lower and worked piece surface 
in colsulfate, alkali salts of mono and is ugh smoother and of bette appearance. 

polyalkyl esters of sulfo-dicarboxylic acid, etc. It has also been observed that keeping the 
Effective metalworking lubricants in accord- 20 critical rake angle constant, the force 9n the tool 

ance with the present Evil may be made using compositions of this invention is at least 
after the following formulation: half of that required when cutting dry and at 

least 30% less than that required when using the 
best known cutting emulsion containing sulfur 

Broad 25 rized materials and other extreme pressure Range, Preferred agents 
Per Cent Range 3. - - 

Weight Aqueous composition of this invention may be 
a-a-a-a-r reasily inhibited against corrosion for long periods 

E. "Stifth invention, i.e. 5-99 85-95 of use by addition of a minor amount, generally electOl Octo 8 wention, i. e. 
diallyl ESEvention... 1-25 2-10 80 less than 1% of an inhibitor as referred to pre 

Corrosion inhibitor, e.g. dicyclohexylam- 5 viously. Thus the following test was performed 
Egilisii. 3.; '88 in which metal strips were immersed in con 

positions as denoted in the table and observed for 
signs of corrosion. Evaluation of composition of this invention 

may best be illustrated by the four-ball extreme 85 Corrosion 
pressure lubrication tester similar in principle to Composition Time 
the Boerlage apparatus described in the maga- -- (Days) 
zine Engineering, vol. 136, July 14, 1933. This is biohydroxypropy) and nose water. da apparatus comprises four steel balls arranged 5% bis (yhydroxy propyl) disulfde in 95% water--- day, 
in pyramid formation. The top ball is rotated 402 "SF:FEEEEEE water 3 days. 
by spindles against the three bottom balls which 3 5EgE E. Ea 95% water 3 days. 
are clamped in a stationary ball holder. The plus 0.05% diisopropylammonium nitrite. 
balls are immersed in the composition to be ---------- 
tested. Tests were run under conditions indi- 45 The present compositions may be applied with 
cated in the table and compared with other out- ' excellent results to general cutting operations 
standing cutting composition to be tested. The where cooling and lubricating of the tool and 
diameter of the wear scars worn on the three work piece under adverse conditions is encoun 
balls forming the base of the pyramid were meas- tered. The present invention having thus been 
ured, and the average taken as the true indica- 50 fully described is not to be limited by any specific 
tion of Wear. examples which have been presented herein solely 

Effects of various materials on eactreme pressure 
lubrication characteristics of soluble oil emul 
stons 

4-ball extreme pressure lubrication, tester, 1500 R. P.M., steel against steel. 
Lubricant 40 60 80 , 100 120 40 150 200 300 

1.30% Base Xin water 1-------------------- .40 .48 1.93 2.52 ------Welded------------------- 
2 15% Base X in water--------------------- .35 .432.12 2.93 ------ Welded-------------------- 3 3%tricresyl phosphate in 15%, Base X - 

Emulsion------------------------------ 35 . 46 2.04 2.24 ... Welded -------------------- 4 5% bis(y-hydroxy-propyl) disulfide in - 
5%. Emulsion of BaseX------- - - - - - - - - 38.43 . . 49 .54 .55 60 ------l-------------- 5 5%bis (y-hydroxy-propyl) disulfidein 4% 

rosin soap emulsion-------------------------- . 47 l. 52' 62--------------------- 1.16 Welded 

t Be X consists of: 70.5% 200 neutral mineral oil, 27.5% Na petroleum sulfonate; 2.0% water; 0.5% o-phenyl phenol. 

Another method of evaluating improvement for the purpose of illustration, but only by the 
of cutting compositions is by measuring the mini- following claims. 
mum critical rake angle of the cutting tool at We claim as our invention: 
which it is still possible to obtain a smooth ma- 70 1. A cooling and lubricating composition com 
chining Surface. This critical rake angle may prising a major amount of water, a minor 
be defined as the rake angle of the tool at which amount, sufficient to impart extreme pressure 
the transformation from a rough to Smooth Sur- properties to the composition of a bis(gamma 
face occurs under cutting conditions other things hydroxy propyl)sulfide, and a corrosion inhibit 
being constant, such as depth of cut, clearance (5 ing anqunt of dicyclohexylammonium nitrite. 
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2. A cooling and lubricating composition con 
prising a major amount of an aqueous medium, 
a minor amount, sufficient to impart extreme 
pressure properties to the composition of a 
bis(gamma-hydroxy propyl) sulfide, and a cor 
rosion inhibiting amount of di-isopropylam 
monium nitrite. 

3. A cooling and lubricating composition com 
prising a major amount of an aqueous medium, 
a minor amount, Sufficient to impart extreme 
pressure properties to the composition of a 
bis (gamma-hydroxy propyl) Sulfide and a cor 
rosion inhibiting amount of a nitrite salt of an 
organic nitrogen base. 

4. A cooling and lubricating composition com 
prising a major amount of an aqueous medium, 
a minor amount, sufficient to impart extreme 
pressure properties to the composition of a 
bis(hydroxy alkyl) sulfide and a corrosion in 
hibiting amount of a nitrite Salt of an organic 
nitrogen base. 

5. A soluble lubricating composition comprising 
a major amount of an aqueous medium and a 
minor amount, sufficient to impart extreme pres 
sure properties to the lubricant of a bis(gamma 
hydroxypropyl) sulfide having a boiling point 
above 160° C. at 0.2 cm. mercury pressure. 

6. A soluble lubricating composition comprising 
a major amount of an aqueous medium and a 
minor amount, Sufficient to impart extreme pres 
sure properties to the lubricant of a bis(hydroxy 
alkyl) sulfide having a boiling point above about 
160° C. at 0.2 cm. mercury pressure. 

7. A cooling and lubricating composition com 
prising a major amount of water and a minor 
amount sufficient to impart extreme pressure 
properties to the composition, of a polymeric 
adduct of an aliphatic organic compound having 
at least one unsaturated linkage between two 
carbon atoms and being selected from the class 
consisting of unsaturated aliphatic ethers and 
unsaturated aliphatic alcohols, the Separate un 
saturated alipriatic radicals thereof having not 
more than four carbon atoms and hydrogen Sul 
fide obtained by reacting said materials in the 
mol ratio of 0.5-2 to 1 mol, respectively, at a 
temperature ranging from about 75 to 150° C. for. 
a period of from about 2 to 10 hours and there 
after removing volatile components of Said poly 
meric adduct so that said adduct has a boiling 
point substantially above about 160° C. at 0.2 cm. 
mercury pressure. 

8. A cooling and lubricating composition com 
prising a major amount of water and a minor 
amount sufficient to impart extreme pressure 
properties to the composition, of a polymeric 
adduct of an aliphatic unsaturated aliphatic 
ether having not more than four carbon atoms in 
each of the aliphatic radicals thereof and hydro 
gen sulfide obtained by reacting Said materials 
in the mol ratio of 0.5-2 to 1 mol, respectively, 
at a temperature ranging from about 75 to 150° C. 
for a period of from about 2 to 10 hours and there 
after removing volatile components of said poly 
meric adduct so that said adduct has a boiling 
point substantially above about 160° C. at 0.2 cm. 
mercury pressure. 

9. A cooling and lubricating composition Com 
prising a major amount of water and having in 
corporated therein a minor amount, sufficient to 
impart extreme pressure properties to the com 
position of a polymeric adduct of an unsaturated 
aliphatic alcohol having not more than four car 
bon atoms in the aliphatic radical and hydrogen 
Sulfide obtained by reacting said materials in the 
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mol ratio of 0.5-2 to 1 mol, respectively, at a 
temperature ranging from about 75 to 150° C. 
for a period of from about 2 to 10 hours and there 
after removing volatile components of said poly 
meric adduct so that said adduct has a boiling 
point substantially above about 160° C. at 0.2 cm. 
mercury pressure. 

10. A cooling and lubricating composition com 
prising a major amount of water and having in 
corporated therein a minor amount, sufficient to 
impart extreme pressure properties to the com 
position of a polymeric adduct of an aliphatic 
organic compound having at least one unsatu 
rated linkage between two carbon atoms and 
being selected from the class consisting of un 
Saturated aliphatic ethers and unsaturated ali 
phatic alcohols, the separate unsaturated ali 
phatic radicals thereof having not more than 
four carbon atoms and hydrogen sulfide obtained 
by reacting said materials in the mol ratio of 
0.5-2 to 1 mol, respectively, at a temperature 
ranging from about 75 to 150° C. for a period of 
from about 2 to 10 hours and thereafter remov 
ing volatile components of said polymeric adduct 
So that said adduct has a boiling point substan 
tially above about 160° C. at 0.2 cm. mercury 
preSSure and about 1% of a nitrite salt of an 
Organic nitrogen base. 

11. A cooling and lubricating composition com 
prising a major amount of water and a minor 
amount sufficient to impart extreme pressure 
properties to the composition, of a polymeric 
adduct of an aliphatic unsaturated aliphatic 
ether having not more than four carbon atoms 
in each of the aliphatic radicals thereof and 
hydrogen sulfide obtained by reacting said mate 
rials in the mol ratio of 0.5-2 to 1 mol, respec 
tively, at a temperature ranging from about 75 
to 150° C. for a period of from about 2 to 10 
hours and thereafter removing volatile com 
ponents of said polymeric adduct so that said 
adduct has a boiling point Substantially above 
about 160° C. at 0.2 cm. mercury pressure and 
a corrosion inhibiting amount of a nitrite salt 
of an Organic nitrogen base. 

12. A cooling and lubricating composition com 
prising a major amount of water and a minor 
amount, sufficient to impart extreme pressure 
properties to the composition, of an adduct of 
a dialkenyl ether having not more than four 
carbon atoms in each of the alkenyl radicals 
and hydrogen sulfide obtained by reacting said 
materials in the mol ratio of 0.5-2 to 1 molls re 
Spectively, at a temperature ranging from about 
75 to 150° C. and for a period of from about 2. 
to 10 hours and thereafter removing volatile 
components of said adduct so that said adduct 
has a boiling point substantially above about 
160° C. at 0.2 cm. mercury pressure. 

13. A cooling and lubricating composition com 
prising (a) about 5% of bis(hydroxyalkyl) sulfide 
in (b) about 15% emulsion base consisting of 
70.5% mineral oil, 27.5% Na petroleum sulfonate, 
2% water and 0.5% o-phenyl phenol, said com 
position being dispersed in (c) about 80% water, 
all percentages being based on total composition. 

14. A cooling and lubricating composition com 
prising (a) about 5% bis(hydroxyalkyl) sulfide 
and (b) about 4% rosin Soap emulsion, said com 
position being dispersed in (c) 91% water, all 
percentages being based on total composition. 

15. A cooling and lubricating composition com 
prising (a) about 5% of bis(a-hydroxypropyl) 
Sulfide in (b) about 15% emulsion base consisting 
of 70.5% mineral oil, 27.5% Na petroleum sul 
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fonate, 2% water and 0.5% o-phenyl E. s REFERENCES CE) 
composition being dispersed in (c) about 80% The following re are of recor t; 
water, all percentages being based on total Com- fe of this ferences d in the position. 

16. A cooling and lubricating composition con- UNITED STATES PATENTS 
prising (a) about 5% bis(a-hydroxypropyl) sul- Number Name Date 
fide and (b) about 4% rosin soap emulsion, said. 2220,941 Moran ------------- Nov. 12, 190 
composition being dispersed in (c) 91% water, 2,252,385 Orozco ------------- Aug. 12, 1941 
all percentages being based on total composition. 2,392,294 Rust et al. ----------- Jan. 1, 1946 

DENHAM HARMAN. O 2,415,002 Bruson ------------- Jan. 28, 1947 
ROY E, THORPE, 
SAMUEL. K. TALLEY. 
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