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: 8 Claims.
__This invention relates to solvent resistant lu-
bricants and particularly to extremely low fem-
perature lubricants which are highly resistant to
hydrocarbon solvents and related compositions.

In the lubrication of ‘machinery or equipment 5
used in the presence of. certain solvents at very
low temperaturés, considerable difficulty has been’
encountered in securing i composition which hds
the necessary low temperature lubricating char-
acteristics ahd at the same time is not soluble
in ‘hydrocarbons and ‘other solvents of oils,
greasés, and the like. )

Tt has long beeh known in the prior .art that
certain polyhydric¢ sleolols, such as glycerin and
the various glycols have certain Tubricating char-
acteristics and also’ that they ‘mday be used at
moderately low témpératures: under some condi-
tions. These matérials have been. used for lubri-
cating refrigerating machinery and the like with
limifed succéess biit-Have not been at all satisfac-
tory for use at véry low temperatures; e. g. below
abouf =100° B, since they solidify. These samie
materials are also subject to the limitation that
they are too low in viscosity at normal or slightly
elevated temperatures

It-ig ani object of tle present invention to mod-
ify Tubricants of tHe ‘oil insoluble tyie, éspecially
polyhydric alcohol type lubricants, in ‘such s way
as to’ ipake tHem useful as lubricants in the pres-
ence of hydrocarbon and other organic solvents.
It is a- further object to prepare & lubncatmg’
compos1t10n based-on the use of lubricating prop-
erties of polyhydric alcohols which Will be use-
ful at various temperatures especlally for 1ubr1-
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ing oils of the mineral oil tybé may be thickened
to produce lubricating grease compositions by the

use of various metal salts. oT fatty acids. It is
also: known that the. polyhydrlc alcohols such as
glycerm and the glycols are relatwely 1nsolub1e in
hydrocarbons and
w1th soaps of the c
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, b
soaps in combmatlon Wlth glycerm for lubricat-
ing purposes It has now been discovered, how-
ever, that certain soaps, i. €. nietal salts. of fatty
a01ds, Wh”ch arev N ot ordmanly compatlble w1th [

ns
low temperatures We have dlscovered also that— 55.

(CL

30

252—33.3)

where the polyhydric. alco_hol does not satisfac-
torily wet the soap which: is used, the lubricating
propertles and. the mechamcal stab111ty of such
composmons are materlally 1mproved by the use
of a small amount of.a suitable wetting agent or
surface active materlal The present invention is
partlcularly ch_aracterlzed by the use: o'fv an opti-
mum amount of water with the polyhydric alco-.
hol to lower its eﬁectlve sol1d1ﬁcat10n tempera-
ture. It also mvolves preferably the use of a sur-
face actwe mater1a1 specifically-a wettmg agent
to secure an 1nt1mate m1xture of soap w1th the
lubricant to 1mpart extremely low temperature
charactenstlcs -to 1ubr1cants of the polyhydric
alechol and soap. type -

For the lubrlcatlon of machlnery wh1ch m"st
operate in the presence of ‘liquid hydrocarbons,
soaps. alone have been, used to a limited extént
but the soaps, when used alone -are-quite unsat1s-»
factory because they do not prov1de good lubrl-
cating films and fhe films prov1ded are not stable.
Such 1ubr1cants do not remain effectwe to reduce
frlctlon over., extended per1ods of: t1me It has
also been suggested in the ‘prior- art that certain
50aps; such as the sodmm §0aps, mlght be emu1s1-
fied with glycerm and oil to prov1de lubrlcants for
use in the presence of hydrocarbons or gt moder- .
ately low temperatures These are usable at tem-
peratures of the order of 0° C. or-a few degrees
below, but they are not; sat1sfactory for extremely .
low - temperature use, 'The present invention is
based on the discovery that a much superior lu-
bricant is produced by the use of a suitable metal
soap, preferably a water-insoluble soap such-as
zine stearate, or other metal soaps of stearic amd
Other s0aps of saturated or, unsaturated ahphatlc )
acids, such as the palrmtates, oleates, .and the;;
like, and ‘mixtures thereof, may be combined:-in
finely divided form with a polyhydrie alcohol, and
a small-amount of water to:form a.good low -tem-.
perature lubrlcant If the soap:-is not wetted
by. the polyhydrlc alcohol 3. small quantlty of
Wettmg agent should be employed to obtain &
stable compos1t10n Other known bodying- agents

_for grease may be. used 1nstead of soaps for. some:

purposes. Examples are carbon black or,benton-
ite which'may be used smgly or 1n\_comb1n_atlon':
and with or.without soaps, but the preferred -
thickening- agents. are- the metal -soaps..of - the -
fatty acxds which are sohd at ordmary tempera-v :
tures and; wh1ch are not water soluble; - The:soaps:
should be very finely divided to obtain- o fine -
grained stable composition.

As the principal liguid fiibTitating ingredients
of.greases made according to the present-inven-
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tion, the common aliphatic polyhydric aleohols
of moderately low molecular weight and related
materials, which are ligquid at ordinary tempera-
tures and at fairly low temperatures, are pre-
ferred. These ineclude glycerin, ethylene glyeol,
propylene glycol, diethylene glycol, and the like,
as well as the monoalky] ethers thereof, and mix~
tures of such materials. Some of these materials,

by themselves, solidify at temperatures only a few

degrees below the freezing point of water, but
those which are useful in the present invention

10

have the peculiar property of remaining plastic -

or soft and grease-like in texture at temperatures .

far below their normal freezing pomts and. even
as low as —150° F,, or lower, when ‘combined with
optimum quantltles of water. Certain of the so-
called “carbitols,” i. e. monoalkyl ethers of dieth-
ylene glycol, have fairly low freezing points per
se, but the important criterion is not the freez-
ing point of the alcohol as such but rather the
hardening point or the point below which the
lubricant ceases to function effectively as a Iubri-
cant. The “carbitols” are mentioned in Morgan
Patent No. 2,383,915 as possible low temperature
lubricants, for example temperatures that are
subzero but above —40° F., but they are not suit-
able per se for use at extremely low temperatures
such as —100° F. or below. o

Thus the use of an optimum amount of water
with the polyhydrie alcohol, or derivative, so as
to retain a degree of mobility at very low tem-
peratures is a distinet and important feature of
the invention, although 'in some compositions
and for some purposes it is not absolutely essen-
tial. The optimum amount of water varies some-
what with the polyhydric alcohol or ether em-
ployed but in general it appears to lie between
15 and 50% by weight and usually between 25
and 35% based on the composition of the alco-
hol (or ether) plus water. In the case of ethylene
glycol, for example, the optimum composition of
the glycol and water is about 70% glycol and 309
water by weight. With glycerin the optimum
water content appears to be about the same.

The use of a wetting agent has been mentioned
as & desirable feature of the invention. When
a soap is used which is not soluble in the poly-
hydric alcohol, the wetting agent renders the

soap compatible with the polyhydrie alecohol, or:

the alcohol-water mixture. The waber-insoluble
soaps are normally preferred and hence the use
of a wetting agent ordinarily is essential. With
some compositions, and for some purposes how-
ever, it may be omitted.

The sulfonates are satisfactory wetting agents
as are also the oleates, etc.,-of polyhydric alco-
hols, such asrpentaerythri't‘ol, and the like. The
wetting agent employed may be selected from a
wide variety of krnown agents, so long as it is
effective to promote the formatlon of an inti-

mate mixture of the metal soap and the poly—‘

hydric aleohol or equivalent liquid lubricating
material. Ordindarily the quantity of wetting
agent required is very small, for example of the
order of 0.1 to 0.5%, based on the liquid lubricant
(i. e. without soap). A broader range of 0.01 to
5.0%, based on the entire grease composition ap-
pears to have utility, buf in general a quantity
of the general order of 0.1 to 2.0% appears quite
satisfactory. The wetting agent may be omitted
only if the soap is adequately wetted by the poly-
hydric alcohol per se.

Example 1 :
A liquid Iubricant composition without, water
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was first prepared, consisting of a mixture of
29% by weight of finely divided zine stearate
and about 719 of glycerin with a very small
amount, about 0.1%, based on the glycerin, of a
wetting agent. The particular wetting agent
used in this example was a dioctyl sodlu*n sulfo-
succinate having the formula :

CHzCO o] Cst.
Na080;—~CHCOOCeHyr

.- The composition of Example 1 was a grease
like material having the finely divided soap well
dispersed in the glycerin. It was tested by the
use of a standard ASTM penetrometer at vari-

ous temperatures and was found o have a pene-

tration at —11° F. of 250. At —108° F. the pene-
tration was only 36 and at —142° F. it was O.
The latter indicates that the grease was solid
at —142° . but it still had a slippery feel, doubt-
less due to surface melting and could provide
some lubrication even at that low temperature.
Such a grease would provide satisfactory Iubri-
cation down to ahout —108° F.-

 Ezxample 2

Anocther example of 2 grease prepared without
the use of watfer, was a composition consisting
of about 50% by weight of zinc stearate, 50%
by weight of a glycol (ethylene glycol) and 0.1%
by weight of the wetting agent referred to in
Example 1. This material was found to have a
grease-like consistency at quite low temperatures;
as also was the case in Example 1, the penetra~-
tion being 250 st —1il1° F. and 10 at —142° P
Thus the composition of Example 2 was some-
what softer at the exiremely low -temperature
than that of Example 1, indicating that ethylene
glycol grease is somewhat better than glycerin
base lubricant for extremely low temperature
lubrication. It was still objectionably hard at
the very low temperature of —142° F. but would
lubricate satisfactorily down to about —120° F

Example 3

Another example of a grease including water,
according to the present invention, was prepared
in the form of a composition having the follow- .
ing formula:

Per cent by weight
Zinc stearate 474
Ethylene glycol __ o __ 36.8
Water o e 7.9
Sodium sulfonate solution?® __.____________ 7.9

*The sodium sulfonate solution is a commercial clean-
ing solvent composed of about 25% by weight of the sul-
fonate with 50% isopropyl alcohol and 259, water. The
sodium sulfonate itself is-a salt obtained by neutralizing
with NaOH the oil-soluble sulfonie acid produced by treat-
ing petroleum residoums or heavy oil fractions with strong
sulfuric acid. :

The composition of Example 3 was tested for
penetration in the same manner as Examples 1
and 2 and was found to have a penetration of 250
(25 mm.) at —11° F. and 30 (3.0 mm.), at —142°
F. This indicates that ethylene glycol, with a
relatively small amount of water, mixed with a
suitable thickener such as zinc stearate, has a
softer consistency at very low temperatures than
the non-aqueous compositions of Examples 1
and 2. In general, the glycols are somewhat
softer than glycerin at very low temperatures and
they are therefore useful at somewhat lower tem-
peratures. The use of the wetting agent, sodium
sulfonate in this instance, served to maintain
physieal stability of the lubricant, preventing
separation of the ﬁnely d1v1ded 502p from the
glycol and water,



The lubricant composition of Example 3 was
used.over an extended period in a butyl rubber
reactor operating .at low femperatures miost of
the time. The reactor varied over a teniperature
range from —150° F. during normal.production
of polymer up to 4-160° F. during times when the
reactor was being cleaned. Under all.conditions,
the lubricant of Example 3 was found to give
satisfactory .performance. 'The composition .of
this -example, though not .a true grease in the
sense of having a micelle structure, was grease-
likein appearance and maintained good plasticity
and moderate torque resistance even at the ex-
tremely low temperatures indicated.

“From the foregoing data it is evident that lub-
ricants of the glycerin or -glycol type may be
thickened -to a grease-like consistency by -ths
employment of suitable soaps, such as-zinc stea-
rate, for example, or-any of the oil-insoluble soaps,
where <the grease is to be unafiected by hydro-
carbons, in wvarious proportions.” Proportions
preferred are-from 20 to 50% of zinc stearate or
equivalent soap, based on the total composition.
Amounts-as low as about 10% up to as high as
60.% .or -more of the soap may be-employed, de-
pending somewhat upon the intended operating
temperature. When the soap is not wetted by
the polyhydric alcohol, as is-the case with zinc
stearate, .a wetting agent is employed.

The wetting agent must be soluble at least to
a moderate degree in the polyhydric alcohol-and
preferably should have a greater affinity for the
metal to be lubricated than has the hydrocarbon
liquid or other solvent which is present at the
point .cf lubrication. When such wetting -agents
are-used, they .appear to help to establish on the
metallic surface to be protected a .more stable
lubricating film which is.not readily removed by
the hydrocarbons.

Various wetting agents, preferably of the sul-
fonate type, may be employed in suitable concen-
trations, usually within the limits of .01 up to 5%,
based on the total composition. The secondary
alcohol sulfonates .are .among those .especially
preferred. These may be conventionally pre-
pared by reacting an .appropriate secondary .al-
cohol with maleic anhydride followed by addition
of sodium bisulfite. Alternatively, an appro-
priate petroleum fraction-may be sulfonated and
the sodium or other alkali or alkaline earth metal
sulfonate obtained and used in small proportions,
for example 0.01 to & maximum of about 5.0%,
based on the weight of the total composition.
The composition of Example 3, of about 47% zinc
stearate, about 37% glycol, about 8% -water, and
about 8% of the 25% alcohol-solution of wetting
agent is quite satisfactory.

While the sulfonate type wetting agents are
preferred, by which .is meant the conventional
petroleum sulfonates, the salts of sulfonated
slechols and of the :sulfonated aliphatic ester:
such as dioctyl .sodium .sulfo=succinate described
above, and their .obvious equivalents, it will be
understood that other surface active agents, such
as some of the esters, may be employed. Certain
of the ‘aliphatic alcohols, for -example, isopropyl
alcohol, have some wetting -properties but these
alcohols are not-satisfactory for use, for exaiple
in lubricants for low temperature operation as
in butyl rubber reactor machinery, because the
solvents present, such as methyl chloride, would
dissolve and extract the monchydric alcohols out
of the lubricant. In all cases, it is desirable, as
noted above, that the wetting agent should have
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a.greater affinity for the metal to be lubricated
than has the solvent to be résisted.

In the accompanying drawing, there is shown
graphically the effect:of ‘Wwater on the penetration
characteristics of a-grease type ‘lubricant con-
sisting of water, ethylene glycol and zinc stearate
at a very low temperature of —142° ¥. The com-
position of this figure had a solid-liquid ratio
0f:52.6 % liquid and 47.4% &solid. The glycol and
water, of course, varied. Otheérwise, the com-
position was -essentially that of Example 3. The
figure shows the striking effect of the use of water
at the very low temperature of —142° F. and it
will be noted that ethylene glycol is softened or
plasticized to'the maximuin extent by a water
content of approximately '30% by weight, based
cn the total composition of water plus:polyhydric
alecohol. 'The:same is trie ‘tora large ‘degree of
other polyhydric glcohols dlthough the glycerin
base Tubricant, as noted dbove, is not nearly as
s0ft, ‘penetrable, or grease-like -at this tempera-
ture -as -ethylene glycol, the latter being much
superior for such very low temperature. The low
penetration number -of ‘glycerin Tubricant, Ex-
ample 1, indicates ‘considérable resistance to
rotation or somewhat 1nfer10r Tubrication at very
Iow ‘temperature.

The formulation-given above in Example 3 re-
tains mobility at much lower températures than
prior art compositions such, for example, as those

" typified by the Morgan Patent No. 2,383,915 men-
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tioned above. The difference appears to be at-
tributable -mainly ‘to the -présence of water, al-
though “the superior ‘physical ‘properties due ‘to
the use of a wetting -agent also contribute. ‘For
exzample, ‘ethylene glycol alone -shows a penetra-
tion of ‘50-at —142° P, whereas-a 70:30 mixture
of glyecol and water, under similar conditions,
shows ‘a penetration of 259, ‘Miked ‘with zinc
searate, ethylene glycol alone shows substantially
no ‘penetration ‘at —142°F

-As-indicated above, various glycols and deriva-
tives ‘thereof -such ‘as ‘the monozalkyl ethers of
ethylene -glycol and ‘the likeé inay be employed.
As suggested above ‘the freezitig point of the
glycol per se is dot:particularly significant as long
as the ‘lubricating 'properties ‘are preserved at
operating témperatures by ‘the effects of the
water and to some extent, of the wétting agent.
By'use of ‘the lattér, the mobile properties of the
grease are “improved, apparently, because of ‘the
unusually “intimate ‘mixture of s08p and liquid
lubricant ‘which results.

“In -some of the cases referred to specifically
above ‘(Bxamples 1 and 2) noimal octyl alcohol
was ‘reacted ‘with msleic anhydride ‘and sodium
bisulfite ‘to produce the Particular wetting agent,
but it will ‘be unhderstocd ‘that various other wet-
ting agents ‘may 'be used, 'a§ suggested above.
While ‘the :propoftions imay be varied soméwhat,
they usually ‘will niot ‘éxceed about 29%.

The following table shows furtheér ‘data ob-
tained By-comparison of compdsitions of glycerin
or-glycel (ethylene glycol) withior without water,
using ‘various thickene¥s and, in soine -caseés, a
wetting agent. In‘géneral, the soap type thick-
eners -dre better for very low temperatures. The
supetior mohility at —142° P. of a glycerin soap
composition -cohtaining ‘water over those which
do not contain it is apparent from a comparison
of Examples 4 and 6. The composition of Ex-
ample 6 is relatively stiffer because it contains
more soap. The data were obtained in the usual
manner in conventional grease penetrometers by
the ASTM procedure, where readings are pene-
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tration depths of the standard penetrometer in
tenths of a millimeter.

Table I
Esample Composition Penetration
No.
Zinc stearate, 20.00%.- .. ._...__..__ _
R {Glycqrm, 70849, .. }ﬁg e
;’Vettutlg agtent i)% Og% -
ine stearate, 49.95%.____ At —11° F., 250+
[ S Eihylene glycol, 49. 9597 - =
o {Wettmg agent,! 0.1 ‘ J|fAt —142° F., 10
30% H:0 to 70% glycetm 65.03% .. At —108° F., 9
[ Zine stearate, 34.80% ____..__...____ AL —142° T 5
C Wetting agent,! 0.17%....._________ o
30% H10 to 70% diethylene glyceol,
[T, 33009~ - m ool At —142° F., 0
Bentonite clay, 67.00%.. . cocoano. ..
30% H§ t0 70% dlethylene glyeol,
40
Booooes Bentonite iy, 1Li0% At—142° F., 0
Zine stearate, 14809 e

1 This wetting sgent was a commercial product, known as ““‘Aerosol
OT”consisting of dioctyl sodium sulfosuceinate in 10% aqueous solu-
tion. Analogous esters of sulfonated dibasic or bicarboxylic acid,
such as suceinie acid and its homologues may be used.

It will be noted from the foregoing that benton-
ite, which is wetted naturally by . polyhydric
alcohols of the glycerine-glycol type may be used
in lieu of soap as a thickener. The same is trus
of carbon black. The latter behaves very much
like zinc stearate whereas bentonite has g greater
stiffening effect, as indicated in Example 7. The
bentonite grease retains mobility down to about
—108° F.

‘The solid ingredients are needed to prevent
loss of the lubricant when the temperature is
raised. At very low temperatures the polyhydric
alcohol and water mixture sets to a soft gel of
grease-like consistency, but as soon as the tem-
perature is raised, for example to —50° ., it be-
comes quite fluid and loses most of its lubricating
value. Hence the preferred composition con-
tains enough thickener to prevent complete
liquefaction upon foreseeable temperature rises.
The amount of finely divided solid thickener may
very widely but usually it will be not less than
about 109, by weight and it may be as much as
about 60% of the total composition.

Although the optimum quantity of water is
preferred, it will be noted from the foregoing
data that in some special cases waber can be
comitted. It may be used with polyhydric alcohols
in proportions up to a 50-50 mixture., Prefer-
gbly at least 15% of the liquid constituent should
be water, the range of 25 to 356% and especially
about 309 being particularly preferred. Hence
the over-all composition may comprise 10 to 60%,
preferably 20 to 50 %, of a hydrocarbon insoluble
thickener such as zinc stearate, other soaps, or
other grease thickening finely divided solids, and
40 to 90% of liquid constituent, essentially hydro-
carbon insoluble polyhydrie alcohol preferably
containing enough water to materially increase
its fluidity at very low temperatures, e. g. at
—100° F. or lower. Preferably, also, the com-
position contains a small amount of wetting agent
unless the solid thickener is directly wetted by
the alcohol as explained above.

The preferred polyhydric alcchol compounds
are the aliphatic alcohols having 2 to 4 carbon
atoms, glycol, glycerol, and glycol ether (diethyl-
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ene glycol) being specifically preferred. Others
of similar characteristics as regards low tempera~
ture gelation, especially with water, may be
employed.

‘We claim:

1. A lubricating composition resistant to hy-
drocarbon solvents consisting essentially of 40 to
90% by weight of a polyhydric alcohol having
lubricating properties, said alcohol being selected
from the group which consists of glycerine, C1 to
Cs glycols and the lower monoalkyl ethers thereof
which have freezing points below 0° C., combined
with enough water to substantially increase fluid-
ity of said alcohol below a temperature of about
—160° P, 10 to 60% of zinc stearate, and 0.01 to
5% of a sulfonate type wetiing agent which has
a greater affinity for the surfaces being lubri-
cated than said solvents to maintain dispersion
of said stearate in said alcohol and water.

2. A composition according to claim 1 wherein
said polyhydric alcchol is glycerin.

3. A composition according to claim 1 wherein
said polyhydric alcohol is a glycol.

4. A composition according to claim 1 wherein
said polyhydric alcohol comprises ethylene glycol.

5. A composition according to claim 2 wherein
said wetting agent is a sulfonated maleic acid
ester of a secondary alcohol.

6. A composition according to claim 2 wherein
said wetting agent is a dioctyl sodium sulfosuc-
cinate.

7. A lubricating composition having approxi-
mately the following formula

Per cent
Zinc stearate _ .o 474
Ethylene glycol __o.._ . _____ 36.8
Water e 9.3
Isopropyl aleohol _ . 4.0
Oil-soluble sodium petroleum sulfonate ____ 2.0

8. A lubricating composition resistant to hy-
drocarbon solvents consisting essentially of 40
to 90% by weight of a polyhydric alcohol having
lubricating properties, combined with enough
water to substantially increase mobility of said
alcohol below a temperature of about —108° I,
10 to 60% of zinc stearate, and 0.01 to 5% of
dloctyl sodium sulfo-succinate,

AUGUSTUS B. SMALL.
ROBERT M. THOMAS.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
1,704,446 Reiter oo __ Mar. 25, 1929
1,970,902 Brunstrum et al. __.... Aug, 21, 1934
2,145,252 Engle o Jan. 31, 1939
2,339,715 McOrmie et al. __..._ Jan. 18, 1944
2,356,313 Gerlicher et al. ____. Aug. 22, 1944
2,362,233 Bannon __-—e—______ Nov. 7, 1944
2,391,504 Parker .~ Dec. 25, 1945

- FOREIGN PATENTS

Number Country Date
333,200 Great Britain —_..__ July 28, 1930
201,626 Switzerland ... Mar. 1, 1939



