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METAL WORKING LUBRICANT 
This invention relates to a water-based metal working 

lubricant. In one aspect, the invention relates to lubri 
eating metals during the process of forming such met 
als. 
Metal working industries utilize a variety of 

lubricants. Water-based cutting ?uids exhibit cooling 
characteristics when used in processing metals but lack 
lubricity. Oil-based metal working ?uids are relatively 
costly and possess poor heat transfer properties. An 
other class of cutting fluids, soluble oils in emulsified 
form, are used to obtain lubricity while retaining the 
coolant function of aqueous systems. 
The present invention is based on the discovery that 

certain organosiloxane polymers in an aqueous emul 
sion provide excellent lubrication and cooling during 
metal forming operations, such as grinding and cutting. 
More particularly, the invention provides a method of 
forming a solid metal article comprising, prior to or 
during forming, lubricating the surface of said metal 
with an aqueous emulsion containing at least 0.5 weight 
percent of an organopolysiloxane ?uid of the formula 
[RnSiO,+,,,2] in which R is selected from the group 
consisting of monovalent hydrocarbon radicals con 
taining from 1 to 18 inclusive carbon atoms and mono 
valent halohydrocarbon radicals containing from 1 to 
18 inclusive carbon atoms; R being free of aliphatic un 
saturation; at least 30 percent of the R substituents 
being alkyl radicals containing from 8 to 18 inclusive 
carbon atoms; n has a value of from 1 to 3 inclusive, m 
is so selected as to yield a polymer having a viscosity of 
from about 20 to about 1,500 cs. when measured at 
25°C. " - 

In the above-defined organopolysiloxane, the R sub 
stituents can be any monovalent hydrocarbon radical 
free of aliphatic unsaturation and containing from 1 to 
18 inclusive carbon atoms. Exemplary of such monova 
lent hydrocarbon radicals are alkyl radicals, for exa 
mle, methyl, ethyl, isopropyl, octadecyl or myricyl; cy 
cloaliphatic hydrocarbon radicals such as cyclopentyl, 
cyclohexyl or methylcyclohexyl; aryl hydrocarbon radi 
cals such as phenyl, xenyl, tolyl, xylyl, naphthyl or an 
thracyl and aralkyl hydrocarbon radicals such as ben 
zyl, Z-phenylethyl, or 2-phenylpropyl. 
Also within the scope of R are halongenated monova 

lent hydrocarbon radicals free of aliphatic unsaturation 
and containing from 1 to 18 inclusive carbon atoms, 
such as haloalkyl radicals, for example, any halogen 
tated monovalent hydrocarbon radical free of aliphatic 
unsaturation such as haloalkyl radicals such as chloro 
methyl, 3-chloropropyl, bromooctadecyl, 3,3,3 
trichloropropyl, chloroisopropyl or 2-(perfluoroalkyl 
)ethyl radicals in which the per?uoroalkyl radical is tri 
?uoromethyl, per?uoroethyl, per?uoroisobutyl or per 
?uorooctadecyl; halocycloalkyl radicals such as 
bromocyclohexyl, chlorocyclopentyl or fluorocy 
clohexyl; haloaryl radicals such as 2,4-dichlorophenyl, 
dibromoxenyl, alpha,alpha,alpha-tri?uorotolyl, iodo 
naphthyl and tetrachlorophenyl and haloaralkyl radi 
cals such as 2-(chlorophenyl)-ethyl, p-chlorobenzyl or 
2-(bromophenyl)propyl. 

In order to provide lubricity in the metal working 
emulsion, the organopolysiioxane must have at least 25 
mo] percent of the R substituents selected from the 
group consisting of alkyl radicals containing from 8 to 
18 inclusive carbon atoms. Exemplary of such R sub 
stituents are octyi, 2-ethylhexyl, nonyl, dodecyl, hepta 
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2 
decyl and octadecyl radicals. Siloxanes having alkyl 
substituents with less than 8 carbon atoms do not ex 
hibit signi?cant lubricity in the aqueous system. Emul 
sion containing a substantial amount of siloxanes hav 
ing greater than 18 carbon atoms in the substituents do 
not have the stability necessary for use in the forming 
of metals. ' 

The defined organosiloxanes are relatively low mo 
lecular weight polymers having viscosity in the range of 
from about 20 to about 1,500 cs. (centistokes) as mea 
sured at 25°C. To provide ease in forming emulsions, 
it is preferred that the organopolysiloxane have a ‘vis 
cosity of from 20 to 500 csJThe polymeric u'nits pres 
ent in the organopolysiloxane include RSiOm, RZSiOM 
and RSSiOM. Both homopolymers and copolymers can 
be utilized in the practice of the invention. The poly 
mers can be cyclic, such as [CH3(C9H,9)SiO]4 or linear, 

Such as Si(CI-I3)3. 

Preferred polymers utilized in the practice of the in 
vention are R"(R’)2SiOSi(R’)2R" and (R'R"Si0),,l in 
which R’ is an alkyl radical containing from 1 to 6 in 
clusive carbon atoms; R" is an alkyl radical containing 
from 8 to 14 inclusive carbon atoms. Of course, mix 
tures of the above-described polymers can be used if 
desired. 
The organopolysiloxanes are dispersed in water to 

form an emulsion. Conventional emulsifying agents, 
such as sorbitan monolaurate, can be used in the prepa 
ration of the emulsion. When used as a metal working 
fluid, the emulsion should contain at least 0.5 weight 
percent of the organopolysiloxane to obtain lubrica 
tion, although, in some cutting operations an even 
lower concentration can be used. For most metal form 
ing processes it is preferred that the concentration of 
siloxane be one weight percent or more. Concentra 
tions of 20 percent or more of siloxane in the emulsion 
do not provide enhanced lubrication, except in the ma 
chining of certain alloys. 

In addition, to emulsifying agents the metal working 
fluid can contain conventional additives such as corro 

sion inhibitors, antioxidants, bactericides, freezing 
point depressants, metal deactivators and the like. The 
additives are present in relatively small amounts, gener 
ally not exceeding 10 weight percent of the emulsion. 
The emulsion can be applied to the solid metal by 

dipping, rushing, spraying, coninuous ?ooding by recy 
cling or other conventional techniques. In most metal 
forming operations, such as sawing, grinding and mill 
ing, the ?uid is applied during the forming, but in some 
forming processes, such as drawing and extruding, the 
emulsion can be applied prior to forming. Metal form 
ing processes benefiting from the use of the described 
lubricant/coolant ' include grinding, turning, milling, 
boring, tapping, sawing, slotting, drawing, extruding 
and the like. The list of metals commonly subjcted to 
such forming processes is extensive but includes alumi 
num, copper, brass, cast iron, soft steel and nickel al 
loys. 
The following examples are illustrative and not to be 

construed as limiting of the invention delineated in the 
claims. 

EXAMPLE 1 

An organopolysiloxane of the formula 
C12I-I35(CH8)2SiOSi(Cl-I3)2C,2I-I25 having a viscoisty of 
58 cs. at 25°C. was mixed in water solution of additives 
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in an amount suf?cient to provide an emulsion contain 
ing 24 weight percent of the alkyldimethylsiloxane, 7.1 
weight percent of sorbitan monolaurate (emulsifier), 
0.3 weight percent sodium nitrate (corrosion inhibi 
tor), 0.3 weight percent of a commercially available 
bactericide and 68.3 weight percent water. The emul 
sion was prepared by homogenization. This emulsion 
was diluted with water to obtain a cutting ?uid contain 
ing 5 weight percent organopolysiloxane and the cut 
ting ?uid was evaluated by means of the Soconoy 
Mobil Tapping Method, as described in Lubrication En 
gineering, Vol. l2, No. 5 (May, 1956), pp. l99—203. 
Holes in aluminum test bars were tapped using preci 
sion ground steel taps while the coolant/lubricant was 
?owed over the workpiece. The average torque for the 
described metal working fluid was 1.0 in.-lb. This 
torque, developed during the internal threading opera 
tion, must be compared to the average value of l.8in. 
lb. obtained by the same test using an equivalent ?uid 
containing trimethylsilyl terminated dimethylpoly 
siloxane (50 cs.); 1.9 in.-lb. obtained by use of trimeth 
ylsilyl terminated tri?uoropropylmethylpolysiloxane 
(130 cs.); and L7 in.-lb.- obtained by the use of an 
emulsion containing 5 weight percent of a phenylme 
thylpolysiloxane. Thus, the data demonstrate the supe 
riority of higher alkyl-substituted siloxanes over metal 
working ?uids based on other types of organopolysi 
loxanes. 

EXAMPLE 2 

,A mixture of siloxanes of the formula 
[C14H29(CH3)SiO],,, in which m was equal to 3, 4, 5 and 
6 was added to water to form an emulsion containing 
35 weight percent of the mixed cyclic polymers, 3.5 
weight percent of sorbitan monolaurate, 0.1 weight 
percent sodium nitrate, and 0.1 weight percent bacteri 
cide. The emulsion was diluted to provide a cutting 
?uid containing 5 weight percent of the siloxanes. Uti 
lizing this ?uid in the previously-described tapping test 
resulted in a torque of 0.65 in.-lb. Further dilution to 
about the 2.5 weight percent level resulted in a torque 
of 1.0 in.-lb. Utilizing an emulsion of the same compo 
nents containing 9 weight percent of the siloxane mix 
ture gave a torque value of 0.25 in.-lb. Thus, the fabri 
cator can bary vary siloxane content of the metal work 
ing emulsion to optimum lubrication. 

EXAM PLE 3 

An organopolysiloxane consisting of equimolar parts 
of C8H11SiOm units and (CH3)2SiO units and having a 
viscosity of 33 cs. at 25°C. was homogenized in water 
to form a 5 weight percent emulsion. When utilized as 
a coolant/lubricant in the described tapping test, this 
emulsion resulted in a tapping torque of 0.8 in.-lb. Fur 
ther dilution of the emulsion to the 1 weight percent si 
loxane level raised the tapping torque to 1.1 in.-lb. 

EXAMPLE 4 

A copolymeric siloxane of the formula 
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[CiliitfHCH?CHQSIO] Susan. CH: 0.: 

having a viscosity of 1,200 cs. at 25°C. was mixed 
with water to form a 5 weight percent emulsion which 
when utilized as the lubricant in the tapping test re 
sulted in a torque of 1.0 in.-lb. 
Reasonable modi?cation and variation are within the 

scope of the invention which is directed to a method of 
forming metals. 
That which is claimed is: 
1. in the method of forming a solid metal article the 

improvement which comprises, prior to or during form 
ing, lubricating the surface of said metal with an aque 
ous emulsion containing at least 0.5 weight percent of 
an organopolysiloxane ?uid of the formula 
[R,,SiO4+,,,z],,, in which 
R is selected from the group consisting of monovalent 
hydrocarbon radicals containing from 1 to 18 inclusive 
carbon atoms and monovalent halohydrocarbon radi 
cals containing from 1 to 18 inclusive carbon atoms; R 
being free of aliphatic unsaturation; at least 30 percent 
of the R substituents being alkyl radicals containing 
from 8 to 18 inclusive carbon atoms; 
n has a value of from 1 to 3 inclusive, 
m is so selected as to yield a polymer having a viscosity 
of from about 20 to about 1,500 cs. when measured at 
25°C. . 

2. The method of claim 1 wherein the metal is alumi 
' num. 

35 3. The method of claim 1 wherein the forming in 
cludes cutting. 

4. The method of claim 1 wherein m is so selected as 
_ to yield a polymer having a viscosity of from 20 to 500 

40 

45 

50 

55 

60 

65 

cs. when measured at 25°C. 
5. The method of claim 1 wherein the organosiloxane 

is of the formula (R’R"SiO),,l in which R’ is an alkyl 
radical containing from 1 to 6 inclusive carbon atoms; 
R'.’ is an alkyl radical containing from 8 to 14 inclusive 
carbon atoms and m has a value of 3 to 6 inclusive. 

6. The method of claim 4 wherein the organopolysi 
loxane is of the formula 

7. The method of claim 1 wherein the organopolysi 
loxane is of the formula 

' am." "$51. " " 
C]1H15Sl—0 -Si C “H25 

Ha Ha 
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