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Claim

1. A process for making a lubricant base fluid comprising
the steps of:
{a) forming a tetrahydrofuran polymer or copolymer

from a reaction mixture comprising
tetrahydrofuran and a catalyst capable of
generating a tertiary oxonium ion;

(b) maintaining the reaction mixture under conditions

of temperature and pressure suitable for
polymerization;

(c) forming a polymer or copolymer containing at

least @ne hydroxyl group by terminating step (b)
by adding a nucleophilic reagent to the reaction
mixture when the polymer achieves a molecular
weight, based on the average molecular weight, of
at least 250 to 4,000; and

(d) reacting the polymer or copolymer of step (c¢)

with a carbonyl carbon-containing compound having
the following structural formula:

—
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in which 2 is a halogen szlected from chlorine,
fluorine, bromine and iodine and R is a
hydrocarbyl group ranging from 1 to 30 carbon
atoms, the polymer being treated with an amount
of carbonyl carbon-containing compound ranging
from 0.5 equivalent to 1 egquivalent, relative to
the molar amount of the hydroxyl group of the

polymer.
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" {57) Abstract

A process for
preparing a base fud for a g R {n
tubricant formulation such
as worm goear Rbricr -
which procsss compri:
(@) forming a polymer ok
copolymes from a reaction
[mmmﬁdngm@y&oﬁnnn@a@wwbkdmmma@mh:(b)aiémganmkomﬂkwlmfwma
polymer or copolvmer having at ieast ooe hydroxyl group: and (¢) reacting the polymer or copolymer with a carbonyl carbon-containing
compound baving strectural formula (1) wherein Z is a alogen and R is a hydrocarbyl growp from 1 %o 30 carbon avams. |
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LUBRICANT BASE FLUID

This invention relates to an aliphatic ester end-
capped polyether. More specifically, it concerns a
reaction product of a reactive end-group tetrahydrofuran-
based polymer or copolymer and an aliphatic carbonyl
carbon-containing compound. The reaction product is a
base fluid for a lubricant, particularly a base fluid for a
worm gear lubricant.

Lubricants for worm gears must be resistant to
conditions of high friction and high temperatures in order
to achieve high efficiency and low wear during prolonged
gear operation. A “worma™ drives the ®worm gear™ by
rotating like a screw against the gear. High sliding
velocity is developed between the contacting surfaces of
the worm and the gear. Thus, the lubricant must be able to
reduce a substantial amount of friction and withstand high
tenperatures.

Polyglycols are known for their friction, wear and
heat reducing properties and have been proposed as base
fluids for worm gears in Klamann, Lubricants and Related
Products, pp. «88 (1984). Polyglycols can be prepared
from polymers of alkylene oxides such as propylene oxide or
alkylene oxide copolymers (i.e. copclymers of propylene and
ethylene oxides). Polypropylene glycol, prepared from
propylene oxide, has been described as a lubricant for
industrial and automotive applications. See Kirk-Othrer,
Encyclopedia of Chemical Technoleqy, Vol. 14, pp. 498-49S.

Water-soluble ethylene oxide and propylene oxide-
derived polyglycols are known for purposes of making worm
gear lubricant base fluids. Although they offer high gear
efficiency and other performance advantages, their water
solubility gives rise to oil compatibility problems as well
as problems of water-induced rust and corrosion.

Polyglycols can also te made from tetrahydrofuran
polyamers and copolymers as described in Kirk-Othmer

Encvclopedja of Chemical Technelogy, Vol. 18, pp. 660 to
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661. Low molecular weight (i.e. 150 to 500 MW) versions of
tetrahydrofuran polyglycols are typically used as starting
materials. They are highly volatile and not appropriate
for lubricant applications. The higher molecular weight
tetrahydrofuran (i.e. 600 to 3,000 MW) polyglycols
crystallize readily at or below room temperature to produce
waxy solids or sticky viscous fluids and are inappropriate
for lubricant use.

Copolymers of tetrahydrofuran and alkylene oxides,
i.e. propylene oxides, have been proposed to modify the
properties of the tetrahydrocfuran polymer. Those
copelymers of low molecular weight (i.e. about 500 to 2,000
MW) can have lubricating properties. See Kirk-Othmer,
Encylcopedia of Chemical Technology, Vol. 18 at page 658-
§59.

A study of the coefficient of traction reported that
tetrahydrofuran-ethylene oxide and propylene oxide
polyethers resulted in a low coefficient of traction which
indicates effective friction-reducing characteristics.

*The Influence of Molecular Structure on Frictional
Behavior of Lubricating Fluids 2: Low Coefficients of
Traction®, Journal of Synthetic Lubrjcatjon, Vel. 2, No. 3,
pP-p. 239-253 (1985).

U.S. Patent No. 4,153,786 describes a one-pot process
of making ester end-capped copolyether glycols. The
disclosed ester end-capped copolyether glycols are made via
an acylium ion precursor (a carboxylic acid anhydride or an
acyl halide) which acts as an initiator, a chain transfer
agent and a terminator during polymerization to produce
esterified products. For instance, the chain transfer
agent transfers the growing tip of the forming polymer
chain to a new chain in order to achieve average molecular
weights in the regquired range. The reaction products are
described as useful intermediates in the manufacture of

polyurethanes.
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We found that by controlling the degree of ester end-
capping and the molecular weight of an ester eng-capped
polymer or ccpoclymer of tetrahydrofuran we achieved an oil
compatikle hydrophobic fluid which is useful as a
lubricant, particularly a worm gear lubricant. The
invention is directed to a reaction product of a
tetrahydrofuran—-containing polymer or copolymer and an
aliphatic carbonyl carbon-containing compound combined in a
mole ratio effective for producing a fluid having lubricant
properties.

The reaction product demonstrated low traction
properties, oxidative stability under high temperatures and
good olil compatibility. These properties are attributed to
the linear polymeric backbone structure, the degres of
ester end-capped groups and the high carbon to oxygen ratio
of the polymer. The properties of the reaction product
have demonstrated utility as base fluids for lubricant
compositions, particularly worm gear lubricant
compositions.

This invention presents an improvement over alkylene
oxide polygly~cls and uncapped tetrahydrofuran—-basad
polymers used as lubricant basestcocks, particularly in
reducing shear stress. The fluid of this invention is
expected to achieve a reduction in shear stress of at least
about 10%.

A base fluid reaction product of a tetrahydrofuran-
containing polymer or copolymer and an aliphatic carbonyl
carbon-containing compound has been found to possess
properties which result in high gear efficiency in worm
gear lubricant formulations.

The tetrahydrofuran (THF) polymer or copolymer is
produced in the conventional manner by reacting a plurality
of tetrahydrofuran molecules alone to make a homopolymer,
or in combination with at least one alkylene oxide to make
a copolymer, in the presence of a suitable acid catalyst
which facilitates the formation of an oxcnium ion necessary
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for chain propagation. The peolymerization mechanism is
described in Dreyfuss et al}., “Epoxides and Higher
Epoxides", pp. 128-129%.

Alkylene oxides which can be used in the THF
copolyeerizaticn process are represented by 1,2-alkylene
oxides or 1,3-alkylene oxides, 1,4-alkylens oxides or
cyclic acetals and the like which can contain one or more
hydrocarbon substituent groups, depending upon the
preferred wmolecular weight of the final product.
Representative examples of suitable alkylene oxides include
1,2-propylene oxide, 1,3-butylene oxide, long chain 1,2-
epoxides and 1,4~ substituted tetrahydrofuran. Alkylene
oxides with hydrocarbon substituents may be utilized when a
degree of branching on the copolymer backbone is desired.
For purposes of low traction properties, minimal branching
along the ccpolymer backbone is preferred, although short
chain branching, i.e. methyl, ethyl and propyl groups along
the backbone, are not expected to be detrimental and may
impart desirable viscosity/physical properties to the final
product. This polymer can also be a block polymer, i.e., a
high polymer, made up of sections of THF separated by low
nmolecular weight sections of alkylene oxide from 1,2-
ethylene oxide, 1,3-propylene oxides or combinations of
alkylene oxides.

Suitable polymeriration catalysts include compounds
capable of generating tertiary oxonium ions such as super
acid initiators, represented by R.OSOECF3 and ROSO,F, strong
acid initiators such as CISO3H, CFasoaa, HOSO,F or RPF, and
other compounds such as BF3, Agclo‘, NOPFG. Although there
are many methods for making the products of this invention,
we specifically contemplate phase transfer catalysis in
which the phase transfer agent transfers precduct from a
reaction phase to a different phase thereby ensuring the
desired partially esterified product and completion of the

conversion.
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The conditions of polymerization will be understood by
those of ordinary skill in the art. Typically, however,
the temperatures of reacticn range from -20°C to about
80°C, preferably from 0°C to 40°C. The reaction is
preferably carried out in an inert atmosphere which
excludes moisture and oxygen. A solvent is not necessary
but can be included to facilitate the course of reaction.
An example of a suitable solvent is Cﬂzclz.

The final THF polymer or copolymer should be of a
relatively high molecular weight, based on average
molecular weight. The molecular weight of the polymer
should be at least about 250, preferably about 800, more
preferably about 1,000, ranging from about 800 to 4,000,
preferably about 1,000 te 3,000 and no more than about
4,000 preferably about 3,000.

Polymerization is terminated by the addition of a
nucleophilic reagent. Water is a preferred nucleophilic
reagent which introduces the hydroxyl end-group to produce
a polyglycel ether. The molecular weight of the final
product is achieved by controlling the amcunt of the
polymerization.

The proportion of THF to alkylene oxide in the final
polymerization product depends upen the preferred oxygen to
carbon ratio of the polyether backbone. We found that a
high carbon-to-oxygen mole ratio is important for purposes
of effective lubricant performance. The mole ratio of
carbon to oxygen should be at least 2 to 1, preferably
about 4 to 1 and even mure preferably 10 to 1.

After polymerization is complete and the desired
molecular weight is achieved, the polymer is treated with a
carbonyl-carbon containing ccmpound for purposes of
producing the aliphatic ester product. The amount of
carbonyl-carbon containing compound that can be used ranges
from 0.5 equivalent to 1 eguivalent (relative to the molar
amount of OH group in the polymer), preferably ranging from
0.3 to 1 and even more prefe—ably from 0.1 to 1. This
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proporticn is ieportant for purposes of achieving a
partially esterified product which we have found to
demconstrate superior lubricant properties, particularly,
low tracticon and low temperature properties. The carbonyl-
carbon containing compound is z2l:phatic for purposes of
imparting desired lubricant progerties such as enhanced
thermal oxidative stability, low temperature fluidity and
the necessary degree of hydrophobkicity for sclubility in
organic materials, i.e. corganic wmaterials including
mineral, hydrocracked and synthetic lubricating cils. This
is an important aspect of the invention since in the
absence of the aliphatic ester group, a TEF polymer or
copelymer of the described molecular weight is a solid waxy
material or a sticky viscous fluid which is useless for
purposes of gear lubrication and does not possess the
necessary thermal and oxidative stability.

The carbonyl carbon containing compound is represented
by the following structural formula:

§g—C—R

where % is a halogen group, hydroxy group, acetyl group or
anhydride group which can generate the acyl species.
Halogen groups include chloerine, flucrine, bromine and
iodine, and R is a hydrocarbyl group ranging from about 1
to 30 carbon atoms, preferably at least about 4, even more
preferably froam about & to 25 carbon atoms and more
preferably [ 8 to 20 carbon atoms. The hydrocarbon
group igﬁglipﬁatic and it can be straight chain or branched
chain, depending upon the desired final product properties.
A certain degree of branching of the hydrocarbon group is
sopetimes preferred. The degree of branching can range
from about 10 to 100%, specifically, from 40 to 100% and
even more specifically from 40 to 9%90%. COptionally, R
contains one or acre oxygen, sulfur or nitrogen atoms.
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There is a competition between a final product
rolecule which is essentially linear in structure and a
product molecule which is somexhat branched because a
linear mclecule has properties necessary for a low traction
fluid, while a bkranched molecule has bhetter low temperature
properties #.d, therefore, more resistant to oxidative
degradation. ¥e found that slight branching imparted by a
C, to Cy, hydrocarbon substituted carbonyl compound in
which the hydrocarbon substituent contains at least one, no
more than four short chain aliphatic groups such as mathyl,
ethyl, propyl or butyl cffers a good baiance between the
competing low tracticn properties of the linear molecule
and the oxidative and thermal stabkility properties of the
branched molecule.

Suitable carbonyl containing cozpounds of this
description include 2,2-dimethyl pentancic, ethylhexancic,
necdecanoic, pivalic compounds, and the like.

The TE?P polymer or copoelymer and the carbonyl carbon
containing coppound are combined in a mole ratio of polyper
to carbonyl compound of about 1:1 to l:2, a ratio of 1:1 is
used when it is desirable to achieve a 50% esterified
prOﬁFﬁF;v lered &m%e@&nﬁ*4h; ) . . .

actants are cozbinead in an alkaline solution in
an inert atmosphere, atmospheric pressure and tesperatures
ranging from room temperature to 190‘CT§E§eferably from
25°C to 50°C. The product is extracted with an corganic
solvent such as methylene chleride or toluene.

The reaction is demonstrated by the following
mechanisa. For example cnly, the polymer shown below is a
THF homopolymer: however, as disclosed in the feregoing
specification, the polyrer can be a copelymer of THF and an

aikylene oxide.
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(2) Propagation n{ / C\
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N
X C\
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Nt
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{3) Termination

HEO

30

H&*(Cﬁz) i—iO—(CHa) 4]n—-&ﬁ
(1) Esterification
{phase transfer)
33 2{RIC=0]
i i
40 RC-0-(CH, ) 4— {0~ (CH,) , ], —CCR

where m is an integer ranging frea about 0.2 to 2,
preferably from 0.6 te 2, even more preferakly freoa 0.8 to
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1.8, R is a hydrocarbon group as described above, n is an
integer ranging from 1 to 33, preferarly 4 to 490, X is
hydrogen or stable counter cation such as Pré_, Ast',

SbF. , SbCl, , BF, , SO,CF, ,SO,F and cm&‘. Z represents
& halegen, hydroxyl, acetyl, anhydride or cther acyl
generating species. Folyreraization occurs through cationic
ring-opening addition. The polyeer iz terminated through
reaction with water, once the necessary molecular weight is
achisved.

The reaction products are base fluids for lubrizant
cil formulations. Fran the properties of the reaction
products which were discoverad, they are most effective in
worm gear oil formulations. However, it is expected that
they will ke useful as base fluids for heat transfer
fluids, wetal cutting fluids, industrial and engine
lukricant formulations, circulation oils and industrial
gear oils.

To make the final formulation the reaction preduct is
blended with a typical worm gear cil additive package
centaining other additives suchk as sulfates, phenates,
polymeric succinimides, dithicphosphates, hindered phensls,
arvlamines, heterccycles, sulfurized clefins, ste. The
arcunts of other additives may ke reduced due to the
performance advantage of the reaction products ot this
invention. This amcunts to a substantial economit¢ savings.

The reaction praxduct can be blended with ancther
lubricant base fluid such as a minersl cil-gerived
hydrocarbon fluid {i.e. & polyalpha olefin, a dewaxed oil
or a hydrocracked zil) and’or a synthetic fluid such as an
ether fluid, a hydroecarbeon fluid or a pelyglycel. Blended
lubricant base fluids can be made py bilerding in a
proportion of about 10 te 50 wi.§ of the instant reaction
product with abcout 50 to 90 wt.¥ of another lubricant ef

the biend described above,
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Exanple 1
130 g I-ethylhexancoyl chlorides {0.8 mole) were added
dreopwise into a 10C ¢ mixture of tetrahydrefuran pelymers
(250 molecular weight, 0.4 mole) and 120 g &0% agueous
potassium hydroxide selution. The mixture was stirred
wvhile the temperature was maintained at 40°C and
atmospheric pressure under @ nitregen atmosphere for four
hours., The temperature cof the reaction was maintained by
covling the reaction mixture In an ice bath, as needed.
The nixture was raintainad at room temperature covernight
with stirring. Tha product oil layer was extracted with
methylene chlicride, separated and stripped {120 °C 7kPa {1
torx)). The resulting product was an oily liguid whach
containad ester and ether groups as detarmined by melsecular
weight determination and KMR analysis.
Exaspie 2
The procsdure of Exampie 1 was fellowsad except that
300 g tetrahydrofuran-ethylene oxide ccpolymer (1250
molecular weight, 0.1 ml) was used instead of the
tetrahydrefuran polymer.
_Example 3
The procedure of Example 2 was followsd except that
0.72 mcle of ethylhexanoyl chlieride (115 g} was used.

vl io € +ha Iy o

The reaction products of the foregeing examples were
tested for thear ability to reduce shear stress, oil
coxpatibility and their thermal/oxidative stakilaty.

Shear Stress Reducticn

Shear stress reduction was measursad with an optical
traction rig by deterzining the shear stress responses to a
contzct stress of 836,000 kPa (130,000 psi) at 30°C. 1In
this test a neat base c¢il was fed into a balli-on-plate
traction rig consisting of a rctating stainless steel disc
and rolling dalls in a cenfiguration described in
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Hentschel, "The Influence of Molecular Structure on the
Fricticnal Behavior of Lubricating Fluids 2: Low
Coefficients of Traction", J. Synthetic Lubrication, Vol,
2, No. 3, pp. 250-253 (1985).

The results of the test using the product of Examples
1 and 2 are reported in Table 1. Table 1 also presents the
results employing a commercial copolymer of ethylene oxide
and propylene oxide of 4,000 MW.

ABL

Shear Strength Comparison

Maxirum Shear % Reduction of
Stress, psi Shear Stress
Example 1 4126 13%
Example 2 3383 28%

Commercial Ethylene Oxide
and Propylene Oxide
Polyglycols 4720 0%

Comparing the results reported in Table 1, the
products of the invention exhibited low maximum shear
stress which indicates low traction characteristics. This
is expected to be reflected in improvements in gear

efficiency.

The hydrophobicity of the products of Examples 1 and 2
was tested by blending the products of the Examples with
water in a 1:1 mole ratio of water to base oil and
observing their water sclubility at room tamperature about
20°C. A commercial copolymer of ethylene oxide and
propylene oxide of 4,000 MW was also included in the test.
The results are reported in Table 2.
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TABLE 2

0il compatibility Comparison
{Room Temperature, 1:1 Water:0il)

Exampie 1 Two phases
Example 2 Two phases

Commercial Ethylene Oxide
and Propylene Oxide Polyglycols One phase

Comparing the results reported in Table 2, the
products of the the invention were not water soluble
indicating compatibility with oil while the commercial
alkylene oxide copdlymer was completely water soluble.

The thermal/oxidative stability of the product of
Example 1 was tested in the Differential Szanning
Calorimetry test. In this test, neat base 0il was placed
in an aluminum pan and heated from 80°C at the rate of
5*¢/minute to 350°C under 3500 kPa (500 psi) oxygen
pressure. The induction temperature was measured at the
temperature when the base oil began to decompose. The
perfornmance results of a tetrahydrofuran polyglyccl were
also included in the test.

IABLE 3

pPifferextial Scanning Calorimetry
(8o°*C @ 5°C/min @ 350°C, 3500 kxPa {500 psi) oxygen)

Induction Temperature {°C)
Example 2 140
Uncapped Tetrahydrofuran Based

Polyglycols 129

Comparing the results reported in Table 3, the
products of the invention exhibit significantly better
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Thermal/oxidative stability in comparison to the THF polymer.

Throughout the description and claims of this specification, the word “comprise”
and varnations of the word, such as “‘comprising” and “comprises’, is not intended

5 to exclude other additives, components, integers or steps.
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The claima de@n&g;%heinmyﬁav\axecragéﬁous:

1. A process for making a lubricant base fluid comprising
the steps of:
{a) forming a tetrahydrofuran polymer or copolymer
5 from a reaction mixture comprising
tetrahydrofuran and a catalyst capable of
generating a tertiary oxonium ion;
{b) wmaintaining the reaction mixture under conditions
of temperature and pressure suitable for
10 polymerization;
{c¢) forming a polymer or copolymer containing at
least one hydroxyl group by terminating step (b)
by adding a nucleophilic reagent to the reaction
mixture when the polymer achieves a molecular
15 weight, based on the average molecular weight, of
at least 250 to 4,000; and
{d) reacting the polymer or copolymer of step (c¢)
with a carbonyl carbon-containing compound having
the following structural formuls:

20
Z*———i———~R
in which 2 is a halogen selected from chlorine,
fluorine, bromine and iocdine and R is a
hydrocarbyl group ranging from 1 to 30 carbon
25 atoms, the polymer being treated with an amount

of carbonyli carbon-containing compound ranging
from 0.5 equivalént to 1 equivalent, relative to
the molar amount of the hydroxyl group of the
polymer.

30) 2. The process of claim 1 in which the reaction mixture
of step (a) further comprises an alkylene oxide.
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8. A lubricant base fluid produced by the process of any one of claims 1-7.

9. A process for making a lubricant base fluid substantially as hereinbefore

described with reference to any one of the examples.

10. A lubricant base fluid substantially as hereinbefore descnbed with

reference to any one of the examples.

DATED: 30 June, 1987
10  PHILLIPS ORMONDE & FITZPATRICK

Altomeys for:
MOBIL OIL CORPORATION
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The process of claim 2 in which the alkylene oxide is
ethylene oxide.

cwqrcnees -3
The process o%AFIaims Adn which the carbonyl carbon-
containing compound is ethylhexanoyl halide.

The process of claim 4 in which the ethylhexanoyl
halide is 2-ethylhexanoyl chloride.

ony o « .
The process ,Lf claimsXXwWhich further comprises
blending from 10 to 50 wt.¥ of the reacted polymer or
copolymer of step (d) with a lubricant base fluigd
selected from a mineral oil-derived hydrocarbon fluiq,
ether, synthetic hydrocarbon or polyglycel in an
amount ranging from 50 to S0 wt.%

The procggz:;§ claims I4in which the tetrahydrofuran
polymer of step {a) is formed from a reaction mixture
comprising tetrahydrofuran and a catalyst capable of
generating a tertiary oxonium ion.
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