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(57) Abstract: An automotive lubricant base oil formulation contains a base oil, preferably a hydrocarbon base oil, having a kin -

ematic viscosity of 100 centiStokes or less at 40 deg

rees Celsius and an ailcyl capped oil soluble polymer where the alkyl capped oil

soluble polymer has the structure of Formula 0): where R' is an alkyl having from one to thirty carbons, R* and R” are independently

selected from alkyl g

roups having three or four carbons and can be in block form or randomly combined, R * is an alkyl having from

one to 18 carbon atoms, n and m are independently numbers ranging from zero to 20 provided that n+m 1s greater than zero and p 1s

a number within a range of one to three and a kinematic viscosity of 100 centiStokes or less at 40 degrees Celsius 1s usetul 1 a lub -
ricant for mechanical devices.
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ALKYL CAPPED OIL SOLUBLE POLYMER VISCOSITY INDEX IMPROVING
ADRDITIVES FOR BASE GILS IN AUTOMOTIVE APPLICATIONS

BACKOGROUND OF THE INVENTIHON

{rass-Reference to Related Annlication

The present apphication clawms priority o ULS. Provisional Patent Application No.

62/03 1,197 filed on July 31, 2014, which is mcorporated heremn by reference in ifs entirety.

Field of the Invention
The present mvention relates to base o1l formulations for use i automotive hibricant
fornulations, the base il formulation comprising a base ol and an alkyl capped ol solubile
polymer, use of such a base oil formulation m an automotive lubricant formulation, and a
method for improving the viscosity index and low temperature viscosity of a base o1l

suittable for use n automotive applications.

Introduciion

Mechanical devices use fubricants 1o order to reduce wear of parts that move
proximate to one another. One such mechanical device 1s an miternal combustion engine
with pistons that move within cylinders and that are lubricated with engine o, There 15 an
ever increasing drive in the combustion engine mdustry {0 ncrease the fuel etficiency of
combustion engines. Une approach to that objective 15 10 reduce the viscosity of the enginge
ol Yet, tf the viscosity becomes too low the lubricating etficacy can dimimish. An added
challenge s that combustion engines operate over a broad range of temperature that can be
well below zero degrees Celsius (°C) on a cold winter day when starting to well over 100
°C on a hot summer day after ronning for several hours, Engine oil typically changes
viscosity based on temperature during its use. The extent to which engine o1l changes its
viscosity over a change m emperature i1s the oil’s Viscosity Index, which 1s dertved from a
calculation based on the kinematic viscosity of the engine ol at 40°C and 100°C. Higher
viscosity mdex values correspond {0 less change in viscosity gver a temperatare range.
Lubricants having a high viscosity index are desirable so as to mamtain a desirable viscosity
over a broad temperature range. H the viscosity becomes too hagh, then fuel efficiency
sutters, If the viscosity becomes too low, then lubricating capability decreases and
SXCOSSIVE engine wear ¢an oCCut.

1.
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Yiscosity mdex improvers are addifives for engine o1ls that tend 1o reduce the
change 1 o1l viscosity over a temperature range. Typical viscosity mdex improvers
melude, tor example, polyalkylmethacrylates (such as polymethyimethacrylates) and oletin
block copolymers. Unfortunately, while viscosity mdex mmprovers ¢an merease an engine
oil’s viscosity mmdex, they also tend 1o mcrease the engme o1l viscosity at low temperature (-
10°C). Low temperature viscosity 1s tmportant to consider when starting an engine m low
temperature environments, While 1t 1s important for an engine o1l to form a film that s
viscous enough to prevent wear m order 10 protect engine components, it 1s also important
that the engine ol not be so viscous so as to cause high trictional losses due to excessive
viscous drag duc to the otl.

Automotive lubricants contain a base o1l that has a kinematic viscosity of 100
centiStokes (¢S} or less at 40 degrees Celsius (°C) (an “automotive fubricant base 0117) and
can have kinematic viscostiies as low as 20 ¢St at 40°C. A low viscosity 1s necessary o
accommodate the extensive arvay of additives that are typically mchided m an automotive
tubricant formulation without beconung so viscous that they are not suttable for aufomotive
lubricants. Automotive fubricants typically confain greater than ten weight pereent
additives (inchuding co-base oils) to a base ol to accompiish objectives such as anfi-
oxidation, ferrous corrosion mhibttion, yellow metal passivation, viscosity index mcerease,
detergents, dispersants, anttwear, cxtreme pressure faciitation, pour pomt depression,
friction modification and antifoaming.

{t 1s deswrable 1o identify a viscosity mdex mproving additive tor automotive
tubricant base oils that also reduces the low temperature (- 10°C) kinematic viscosity of the
base oil. Particularly valuable would be an additive that mnereases viscostty mdex of an
automotive fubricant base o1l by at lcast 10 points and/or increases viscostty imndex to a

value of 130 or lngher whale still reducing the low femperature viscosity.

BRIEF SUMMARY OF THE INVENTION

The present mventton provides a solution to the problem of providing an additive
for automotive lubricant base ¢ils that mcreases the viscosity mdex of the base o1l while at
the same time lowers the low temperatare {-10°C) kinematic viscosity of the base o1l
Moreover, the present mvention provides an addifive for aviomotive base ¢ils that increase

the viscosity index the base oil by at least 10 points and/or increases viscosity mdex to a

.
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value of 130 or lngher while still reducing the low temperature viscosity. Automotive
tubricant base 01ls are characterized by having a kinematic viscosity of 100 ¢5t or fess at
40°C. Changes to viscosity mndex and kinematic viscosity of the base oil herem refer to a
comparison of those properties for the pure avtomotive base 01l 1o a formulation of the
automotive base oil with an alkvi capped ol soluble polymer (AC-0O5F), the combmation of
which 1s an automotive base o1l {ormulation.

The present mvention 1s a resuit of surprisingly and unexpectedly discovermg that
ALC-OSPs serve as both haghly effective viscosity mdex waprovers and as haghly eftective
low temperature viscostty reducing agents for auntomotive fubricant base oils.

{n a first aspect, the present invention is an automotive lubricant base ol
formulation comprising a base ot, preferably a hydrocarbon base o1, having a kinematic
viscosity of 100 centiStokes or less at 40 degrees Celsius and an AC-0O5P where the AC-

(OSP has the structure of Formula 1:
PN, PR 4 |
RITO(RTO)(RO), R, )

where R’ is an alkyl having from one to thirty carbons, R’ and R’ are independently
selected from alkyls having three or four carbons and can be m block form or randomly
combined, R is an alkyl having from onc to 18 carbon atoms, n and m are independently
pumbers ranging from zero to 20 provided that o-+m 18 greater than zere and p 1S a number
within a range of one to three; wherein the automotive lubricant base oil formulation has a
kinematic viscostty of 1M} centiStokes or less at 40 degrees Celsius. The automotive
lubricant base ol formulation can have a kinematic viscosity at 40 degrees Celsius of 20 ¢St
or moreg, even 50 ¢St or more and at the same time has a kinematic viscosity of 100 ¢St or
fess and can have a kinematic viscostty of 50 ¢St or less at 40 degrees Celsus.

in a sccond aspect, the present invention is & method for moreasing the viscostty
imdex of a base ¢l having a kimematic viscosity of 100 centiStokes or less at 40 degrees
Celsius while stmultancously decreasing the viscosity of the base ¢l at a temperature of -1
degrees Celsius, the method comprising blending mto the base ol an AC-OSP where the

AC-OSNP has the structure of Formula I
1 2 3 4
RTO(RO) (RO}, RY,

|
. I-"

/M‘\
'rn.n.n.l

e’
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where R is an alkyl baving from one to thirty carbons, R® and R are independently
selected from alkyls having three or four carbons, R” is an alky! having from one to 18, n
and m are mdependently selected from one and mumbers rangmg from one to 20 provided
that n+m s greater than zero and p 15 a mumber within a range of one to three so as to
achieve the automotive fubricant base o1 formulation of the first aspect.

in a third aspect, the present mvention 1s a method for lubricating an automotive
mechanical device that compriscs multiple parts that move with respect to one another, the
method comprising mtroducing a lubricant comprising the base otl formulation of the first
aspect mio the mechanical device so that the lubricant accesses intersfices between the parts
that move with respect 10 one another.

The base o1l formulation of the present mvention 1s usctul to prepare an automotive
lubricant, such as i1s uscful for lubricating a mechanical device such as an micrnal

combustion engine OF a transnussion sysien:,

DETAILED DESCRIPTION OF THE INVENTION

“And/or means “and, or alternanively”. All ranges melude endpoints unless
otherwise stated.

Test methods refer to the most recent test method as ot the priority date of this
document yniess a date 15 indicated with the test method number as a hyphenated two digit
number. References to test methods contam both a reference 1o the testing society and the
test method number. Test method organizations are referenced by one of the foliowing
abbreviations: ANTM refers to ASTM International {(formerly known as American Society
for Testing and Matenals); EN refers 1o European Norm; DIN refers to Deutsches Institut
fur Normung; and 15O refers to International Urganization tor Standards.

Deternune Kinematic viscosity according to ASTM D7042. Determine viscosity
mdex for a base oil fornmulation according to ASTM 2270,

“Automoitve base o1 and “automaottve hubricant base o1’ are interchangeablc
terms and refer to a base o1l baving a kincmatic viscosity (KV) of 100 cenfiStokes {(¢St) or
tcss at 40 degrees Celsius (°C). The automotive base ot gencrally also has a KV of 20 ¢St
or more at 40°C. Desirably, the automotive base o1l has a KV of 10 ¢S5t or less, preterably 8
et or less, more preferably 6 ¢S5t or less at 100°C, Preferably, the base o1l 1s a

polyaiphaoletin,
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Automotive base oils can be or comprise any one or combination of more than one
base o1l from the Amencan Petroleum Institute (AP classifications of Group 1, Group
Group I, Group 1V and Group V base oils. Group 1-1 base oils are considered
hydrocarbon base ouls, Group 1V base oils are synthetic base oils that are polyalphaolefins
and Group V base oils are considered other synthetic base oils. The automotive base oil of
the present mnvention can be a hydrocarbon base 01l, a synthetic base o1l or a combination
thereot. Group I base ouls are composed of fractionally distilied petrolcum whach is further
refined with solvent exiraction processes to unprove properfics such as oxidation resistance
and 1o remove wax. The viscosity index of Group 1 base oils 1s between 80 and 120, Group
i base ouls have a sulphur content of more than 0.03 weight percent (wi%). Group H base
oils are composed of fractionally distitied petroleum that has been hydrocracked to further
refine and purtty . Group {1 base oils also have a viscosity mdex between 80 and 120, but a
sulphur content of less than 0.03 wt%. Group 1 base oils have similar characteristics to
(roup I base ous but have a viscosity mndex above 120 with a suiphur content less than
(.03 wi%. Group i basc oils are hughly hydro-processed oils and Group {H base oils arc
mghly hydro-cracked oils. Group 1 base oils have a hugher viscostty index than Group 1
base oils, and are prepared by etther further hydro-cracking of Group 1 base oils, or by
hydro-cracking of hydro-isomerized slack wax, which 1s a byproduct of the dewaxing
process used for many of the oils m general. Group [V basc otls are synthefic hydrocarbon
ous, whach are also referred to as polvalphaoicting (PAOs). Group V base oils are other
synthetic base oils such as synthetic esters, polvalkylene glycols, polyisobutylenes, and
phosphate esters.

The automotive base ol tormulation of the present invenfion Comprises an
automotive base ol and an alkyl capped o1l soluble polvmer (AC-O8P) having a structure

as shown i Formula I;
RIIOR O, (R°O), R, )

1 . .. . : . .

R 15 an alkvl having from one or more, preferably {our or more, still more preferably six or
more and can have eight or moreg, ten or more even twelve or more carbons while at the
same time has thirty carbons or fewer, preferably 26 carbons or fewer and more preferably

24 carbons or fewer, and can have 20 carbons or fewer, 18 carbons or fewer, 16 carbons or
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fewer, 14 carbons or fewer or even 12 carbons or fewer, R and R are mdependently
selected from alkyls having three or four carbons and can be the same or different. R is an
alkyl having from one or more and can have two or more and typically has 138 or fewer

carbons. Subscripts n and m are independently (meaning they do not have to be the same)

e

numbers rangmg from zero to 20 provided that n+ni is greater than zero., Subscrptpisa

number that 18 one or more and can be two or more and 18 typically three or lower.

Preferably, p bas a value of ove, which would be the case when R’ s the residual of a

monot mitiator used 1o prepare the AC-O8P during the polymerization of the alkvicne

oxides. For imdividual AC-OSP molecules, n, m and p are integer values vet for multiple

i molecules one or ordinary skili understands that the collection of molecules can have an
average value for n, m and/or p that 1s not an mieger. The average value of m, n and p for
the AC-0O5P molecules of the mvention fall within the specificd range.

The AC-0O5P 1s selected from a group of 1,2-propylene oxide polymers, 1,2-
butylene oxide polymer, random copolymers of 1,2-propyiene oxide and 1,2-butylene oxide

15  and block copolymers of 1,2-propvienc oxide and 1,2-butvicne oxade. For 1,2-propylenc
oxide and 1,2-butylenc oxide copolymers the OR’ and OR’ components can be in block
form with all OR” units occurring together in sequence and all OR” units occurring together
in sequence ot the copolyraer can be random with OR” and OR’ clements occurring in
random order.

2{} Desirably, the AC-OSP has a molecular weight selected so that the kinematic
viscosity of the inventive automotive lubricant base o1 fornmlation is less than six (¢St} at
{00°C. Increasing molecular weight of the AC-O5SP generally increases the resulting
kinematic viscosity of the automotive lubricant base ou formulation. Therefore, one of
ordinary skill can readily elect lower molecular weight AC-OSPs to reduce the kinematic

25  wviscosity of an automotive lubricant base o1l formulation of the present invention m order {0
achicve a kincmatic viscosity of iess than six ¢St at 100°C if desired. The AC-OSP also
desirably has a viscosity mdex 1 neat form of 150 or more.

Generally, the AC-OSP has a molecular weight of 200 grams per mole {g/mol) and
can have a molecular weight of 300 g/mol or more, 400 g/mole or more, 500 g/mol or more

30 and even 600 g/mol or more while at the same time generally has a molecular weight of 700

g/mol or less and can have a molecular weight of 600 g/mol or less.  Calculate the

molecular weight for an AC-0O5P from the molecular weight of the non-capped OSF and the

molecular weight of the cap. Deternune molecular weight m grams per moie (g/mol) for the
&-
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non-capped OSP from the hydroxyl number. Determine hydroxyl mumber and molecular
weight according to ASTM D4274. The molecular weight of the AC-0O8P 15 then the
molecular eight of the capping group plus the molecular weight of the non-capped OSP
minygs one. For example, capping an OSP with a methyl group would produce a capped
(5P havmg a molecular weight equal to 15 g/mol tor the methyl group, phus the molecular
weight of the non-capped OSSP, minus one g/mol due to loss of a hydrogen from the OSFP
upon replacement of the hvdrogen with the capping group.

(enerally, the automotive lubricant base o1t formulation of the present mvention
comprises five weight-percent (wi%%) or more, preferably ten wi% or more and can
comprise 15 wt% or more, 20 wi or more, 25 wi% or more 30 witt or more 35 wit% or
more, 40 wt% or more, or even 45 wit% or more wiile at the same time gencrally comprises
30 wit% ot less, preferably 45 wt% or less and can comprise 40 wit% or less, 45 wi%s or less,
40 wi% or {ess, 35 wit% or less, 30 witte or less, 25 wits or less, 20 wit% or less, 15 wtt or
iess or even 10 wi% or less AC-USP basced on the combmed weight of hyvdrocarbon base o1l
and AC-OSP,

The automeotive lubricant base oil formulation can have a Kinematic viscosity at 40
degrees Celstus of 20 ¢St or more, even 50 ¢St or more and at the same time has a kinematic
viscosity of 100 ¢St or less and can bave a kinematic viscosity of 50 ¢St or less at 40
degrees Ceisius.

The automotive lubricant base o formulation of the present invention can be further
formulated with additional addifives in combmation with the automotive base otf and AC-
(OSSP to torm an automotive fubricant. Suttable additional components mchude additives
commonly used in fubricant formulations. Examples of suitable additional components
mchude any one or combination of more than one selected from a group consisting of
anfioxidants, corrosion mhubitors, anti-wear additive, foam control agents, yellow metal
passivators, dispersants, detergents, exireme pressure addifives, friction reducing agents,
pour point depressants and dves. Additional addifives are desirably soluble 1 the
hydrocarbon base oil. An automotive lubricant formulation typically contams more than icn
wt% total additives {inchuding co-base ouls such as the AC-O5P) based on total automotive
lubricant weight.

The present mnvention includes a method for increasing the viscosity index of an
automotive base o1l while simultancously decreasing the viscosity of the auntomotive base
o at a temperature of -10°C. The method comprises bilending the AC-OSP with the

7.
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automotive base oil o obtamn the avtomotive base o1l formulation of the present mvention,
The present mvention surprisigly demonstrates that AC-OSPs as described above can
achieve the desirable result of increasmg the viscosity mdex of the automotive base o1l

while at the same fimme decreasing the viscosity of the automotive base o1l af a temperature

e

of -10°C. In fact, the AC-O5Ps are capable of increasing the viscosity mdex of the

automotive base oil by 1 pomis or more and/or 10 a value of 130 or more. As the

comparative examples below heremn reveal, AC-0O8Ps that lack the alkyl capping do not
have this same etficacy on hydrocarbon base ouls.
The present mvention also meludes a method for lubricating an automotive

1} mechanical device such as an automotive engime (for example, an internal combustion
cnging) of transmission by introducing a fubricant comprising the base ou formulation of
the present invention mito the automotive mechanical device comprising parts that move
with respect 10 one another so that the lubricant accesses micrstices between the parts that
move with respect 10 one another,

15 The automontive base oud formulation of the present invention offers the surprising
advantage over other automotive basce oils in that i has a hugher viscosity 1ndex and a lower
viscosity at a teraperature of -10C than the automotive base o1l of the automotive base oil
formulation and can increase the viscosity index by at least 1 points and/or 10 a value of at
icast 130,

28}

3l Salubie Polymer A (O5P-A)
L.oad 887 grams (g) of 2-¢thyi-1-hexanol mitiator mio a stainiess steel reactor vessel
followed by 5.3 g of 85 wi% aqueous potassium hvdroxide and heat the mixture to 113°C

25  umder a mitrogen blanket. Feed mto the reactor vessel 1057.5 g of 1, 2-propyiene oxude and

1057.5 ¢ 1,2-butylene oxide at a temperature of 130°C and a pressure of 430 kiloPascals

{(kPa}). Stir the muxture and allow i1 1o digest for 23 hours af 130°C. Remove residual

catalyst by filtration through a magnesium silicate filtration bed at a temperature of 50°C to

yvickd a product (OSP-A) having a kinematic viscosity at 40°C of 13.5 ¢51, kincmatic

30 wviscosity at 100°C of 3.1 ¢Stand a pour pomt of -62.0°C.

Methyl Capped O3P-A (UB3P-AL)
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Load 1600 g of 2-¢thyl-1-hexano! mto a stainless steel reactor vessel followed by
11.3 g of 85 wt%% aqueous potassium hvdroxide and heat the mixture 1o 115°C under a
nifrogen blanket. Add a nuxture of 2400 g 1, 2-propvlene oxide and 240 ¢ §,2-butylene
oxide mto the reactor at a temperature of 130°C and a pressure of 500 kPa. Stir the mixture
and allow 1t 1o digest for 12 hours at 130°C. Remove residual catalyst by filtration through
a magnesiun sthcate filtration bed at a temperature of 50°C to vield an intermediate sinular
to OSP-A and having a kinematic viscosity at 40°C of 17.7 ¢S, kincmatic viscosity at
{00°C of 3.81 ¢S5t and a pour pout of -59.0 °C.

L.oad 5805 g of the mtcrmediate mio a stainiess steel reactor vessel. Add 2604 ¢
sodiim methoxide solution (25 wit% sodium methoxide in methanol} and stir the nuxture at
120°C for 12 hours under a vacuum {below 45 kPa absolute pressure )} with a mitrogen purge
of 200 mulliliters per mmute and a stivring speed of 180 revolutions per munute. Feed 639 g
of methyl chlonide into the reactor at a temperature of 8U°C and a pressure of 170 kPa. Stiv
the mixture and allow o digest for onc hour at 80°C. After the nuxture digests, flash for 20
nunutes at SU°C and remove unrcacted methvi chlonde and dimethyl cther using a vacuum.
Add 2133 g water and stir for one hour at 80°C 10 wash the sodwm chioride from the
mixture. Stop the stirrer and aliow 1o settie tor 1.5 hours at 100°C under vacuum and a
pressure of fess than one kPa with a matrogen purge of 200 miulliliers per nunute and a stirrer
speed of 180 revolutions per munute. Cool the resulting product to 60°C and filter through a
magnesium sthicate filtration bed at 30°C 10 yield a product {(OSP-AC) that has a capping
conversion of 98.9%, kinematic viscosity at 40°C of 10.3 ¢St kinematic viscosity at 100°C
of 3.1 ¢51, a viscosity index of 173 and a pour poimnt ot -74.0°C, OSP-AC 15 essentially a
methyi capped form of OSP-A. Shght differences 1o the pre-capped material are by design

so that the final capped product has a similar Kinematic viscostty at 100°C to OSP-A.

{3l Saluble Polymer B (O85P-8)

L.oad 4364 ¢ of dodecanol 1utiator into a stamless steel reactor vessel followed by
39.68 g ot 45 wt% aqueous potassium hydroxide and heat the mixture 1o 1153°C under a
nifrogen blanket, Flash the nuxture t0 remove water at 115°C and three mega Pascals
pressure undid the water concentration is below (.1 witY%., Feed a muxture of 2276 g 1,2-
propvienc oxide and 2276 g 1,2-butyicne oxide into the reactor at a femperature of 130°C
and pressurc of 370 kPa. Stir the mixture and allow it to digest for 12 hours at 1306°C.
Kemove residual catalyst by filtration through a magnesium suicate filfration bed at 56°C

NN
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vighd a product (OSP-B) having a kinematic viscosity at 40°C of 12.2 ¢5t, kinematic

viscosity at 1OU°C of 3.0 ¢St and a pour pomt of -29.0 °C.

Methy! Capped O5P-8 (G5P-5()

Load 2369 g of dodecanol mitiator it a stainless steel reactor vessel followed by
20.02 ¢ of 45 wt% aqueous potassium hydroxide and heat the mixture to 115°C under a
nifrogen blanket. Flash the muxture to remove water at 115°C and three mega Pascals
pressure until the water concentration is below (L1 wite. Feed a muxture of 1808.5 g 1,2-
propylene oxide and 1808.5 ¢ 1,2-butviene oxide mto the reactor at a temperature of 130°C
and pressure of 490 kPa. Str the mixture and allow it to digest for 14 hours at 130°C.
Hemove residual catalyst by filtration through a magnesium sihicate filfration bed at 50°C o
vield a product (Intermediate B) having a kinematic viscosity at 40°C of 16.1 ¢St, kinematic
viscosity at 100°C of 3.7 ¢St, a viscosity mdex of 183 and a pour point of -39.0 °C.

Load 3797 g of Intermediate B mto a stainless steel reactor vessel, Add 2765 g of
sodium methoxade solution (25 wit% m methanol) and stiv at 120°C for 12 howrs at 80°C
under vacuum {less than one kPa) with matrogen purging at 200 nulhibiters per mimute and a
sturmg speed of 180 revolutions per manute., Discharge 3825 g of the mixture from the
reactor. 'To the remaing 2264 g of mixture feed 252 g of methyi chloride at a temperature
of 8U°C at a pressure of 260 kPa. Stir the maxture and allow 1t to digest for 1.5 hours at
s0°C. After digesting the maxture, flash for 10 nunutes at 80°C under vacuum to remove
unreacted methyl chloride and dimethyl ether. Add 796 g of water and stir for 40 nunuies
at 80C to wash the sodium chlonde from the maxture. Stop stuving and allow to settle for
one hour at 8U°C, Decant oft Y61 g of brme phase. Add S0 g of magnesium sihicate 1o the
remaiming maxture and flash oft residual water i one hour at 1007C under vacuum ( less
than one kPa pressure} with nitrogen purging at 200 mulhilters per nunute and stirmng rate
ot 180 revolutions per minute. Cool the resulting material to 60°C and discharge 2218
grams and filter it through a magnesium silicate filtration bed at 50°C to yield a product
(OSP-BC) that has a cappmg conversion of 93.7%, kimematic viscosity at 40°C of 9.9 ¢S4,
kanematic viscosity at 10U°C of 3.0 ¢St and a pour pomnt of -45.0°C. O5P-BC 15 essentially
a methyl capped form of OSP-B. Shght ditferences in the pre-capped material are by

design so that the final capped product has a simitlar kinematic viscosity at 100°C 10 OSP-A,

Automotive Base (s
-1
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The automotive base o1ls used i the followmg exampies described 1 Table 1:

Base (il Description
{roup 1 Type | hvdrocarbon base o1l

(mineral o1 with kinematic viscosity at 100°C of 5.0 ¢St
S _commercially avaiiable as Total 150 S N, from fotal) |
Group 1 Type HI hydrocarbon base ol

(mineral ou with a typical kimematic viscosity at 100°C of four b,
commercially available as Nexbase™ 3043 from Neste; Nexbase 1s a
___________________________________________________ traderark of Neste Uil OYJ Corporation, Finland )
 PAO-4 Type 1V bydrocarbon base oil

(polyalphaclefin base o1l with a typical kinematic viscosity at 180°C
of 4 ¢St, commercially available as Synfigid™ PAG-4 from Chevron

Phillips Chemacal, Syaftuid 1s a trademark of Chevron Phillips
Chemical Company LP)

Automotive Base (i Formuiaiions

4

Prepare automotive base oil formulation using the three differcnt automotive base
oils i Table land the four different o1l soluble polymers (OSPs) described above at GSP
ioadings ranging from five to S0 wit% based on combmed weight of OSP and base o1l
Dretermine kinematic viscositics and viscosity index {VI) valucs for the lubricant
10 formulations. Tables Z2-4 contain the resulis. For Tables 2-4, “KV7 refers to “kinematic
visCcosity” in units of ¢St

Notably, results for automotive base oil formulations using a Group I base ot are
expected to perform similarly to lubricant foroulations using Group I and Group I base
oils due the tact Group H base otls have properties intermediate between Group 1 and Group
15 1 basc oils. So, while no results are shown for Group 1 base ol formulations, the resulis

ar¢ expected to be similar to those shown below for the Group | and Group 1 base Oil

formulations.
Table 2. Group I Hydrocarbon Base il and Formulations
Sample . OSP . Property e WWeight-Pereent OSP
4} LS 18 24 36 L S8
CompEx A | OSP-A | KV @40°C 1281 1232 1246|245 1197 1160
 KV@100°C 15,0 469 1461 1457 1399 {349
A T L T B T L2 T A A 9 {192
 KV@-10°C {570 593 {53 481 | 362 232
Fx 1 OSP-AC KV @ 40°C | {see Comp | 26.1 | 241 |21.4 iR8 | 14.8

-1 1-
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b TKV@Riee

Comp ExF | OSP-B | KV@40°C _ isecComp [ 160 {151 | 145 1140 11390
 KV@100°C | ExE) ' 3.78 1362 350 1343 1317
VL 129 (i2s |21 (15 (107
 KVi@-10°C 162 1159 | 156 {150 | 146

EX 6 OSP-BC [ KV @40°C | (seeComp | 161 [156 | 140 1139 1121
 KV@100°C | ExE) 381 1376 13.63 {334 3.3
N 130 1134 1135 1140 {161
 KV@-10°C | 177 {137 | 152 1130 110 |

* n/d means “not determned”.

The data i Tables 2-4 reveal that adding an AC-0OSP to an agtomotive base ol both

mereases viscosity mdex and decreases kinematic viscosity at -1{0°C of the resulting

5 automotive base ol formulation relative 10 the pure automotive base o1l Moreover, the
merease in viscosity mdex often results m a 10 poimnt increase m viscosity mdex over the
hydrocarbon base o1l and/or a viscostty mndex value m excess of 130,

Effect of Commeon Viscosity Index fmprovers
1{) Common practice i modifying the viscosity index ¢of an automotive base o1l 18 10

add a viscosity mndex mmprover to the base o1l 1n order to mncrease the viscosity mdex.
However, unlike the formuolations of the present invention, common viscosity mdex
mnprovers also tend to cause an merease m low temperature (- 107C) kinematic viscostty of
the resulting base o1l formulation. Table 5§ shows results for hibnicant formulations
15 formulated using two different common viscosity index improvers to illustrate the eftect
they have on both viscosity mdex and low temperature kinematic viscosity of hydrocarbon
base oil. Results for these two matenals are expected to be typical for conmmon viscosity
imdex improvers. The two viscosity index mmprovers arg:
e VII-A, a viscous concentrate of polyalkyimethacrylate in a biodegradable carrier
20 oil, the concentration having a kinematic viscosity at 100°C of 1218 ¢Stand a

flash pomt {ASTM D3278) of 140°C; commercially available under the

tradename Viscoplex™ [{1-930, Viscoplex 15 a trademark of Evorik Rohmax
Additives GMBH LLC); and
e VII-B, asolution of polvalkyimethacrylate in muneral o1l with a kinematic
25 viscosity at 100°C of 300 ¢St and a tlash pomt {ASTM D3278) of 120°C;
commercially available under the tradename Viscoplex™ 6-G54. The

polvaklymethacrylate 1s a copolymer derived from methylmethacrylate and an
- 13-
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e

10

alkyimethyimethacrylate m which the alkvimethacrylate fraction contains C12-
18 methacrylates. The number average molecular weight (Mn) of the
polvalkylmethacrylate, as determined by gel phase chromatography, 18

approximately 37,000 grams per mole.

The Group I base o1l used to collect the data of Table 5 has a kinemat¢ viscosity at
{00°C of six ¢St (Nexbase™ 3060 from Neste),

The data 1 Table 5§ reveals that while common visCosity mdcx improvers 1merease
the viscosity index of a hydrocarbon base o1l, they also tend to increase the kinematic
viscosity of the formuldation at -10°C,

Tabic 5. Group IV Hydrocarbon Base O and Formulations

. . Group I Base (il Group BH Base Ol | Group IV Base O#
Sample | Viscosity Froperty Weight-Percent Weight-Pereent Weight-Percent
ndex : Viscosity Index Viscosity Index Viscosity Index
Lmprover Improver improver improver
ol oI5 [w | 5 ia |
VIkA  [KVia 281|439 014 1305 |
OO I N T L R
KV@ioe |50 [83 T EEEY
C
Vi 1031169 [ 196 1127 1187 1209 I 200 1280
570 932 | 1286 188 339
VII-B (see | wid® | wid¥ §see [ 422 | 563 240 {315
40°C  fComp || Comp | L
KV@lio Ex Iy | o/d™ | o/d® § Exb) 8.1 10 4 Ex F) 55 75
0 i i i i
Vi d* | i 168 | 177 | 177219
KV@- | w/d* | n/d? | 805 {936 | 249 1375
0C

*n/d means “not deterouned”

-14-
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=420  POO0L/0006 F-52T
PCT/US 2015/041 688 - 23.11.2016

. An automotive lubricant base 01l formulation comprising a hydrocarbon base

o1l having a kinematic viscosity of 100 centiStokes or less at 40 degrees Celsius and

five weight-percent (wi%a) 1o 50 wit% of an alkyl capped oil soluble polymer, based on

the total combined weight of the alkyl capped oil soluble polymer and the based oil,

where the alkyl capped oil soluble polymer has the structure of Formula I:

R'[OR*0)u(R’0) R,

(D)

where R' is an alkyl having from one to thirty carbons, R* and R* are different alkyls

having three or four carbons and can be in block form or randomly combined, R” is an

alkyl having trom one to 18 carbon atoms, n and m are independently numbers

ranging from zero to 20 provided that n+m is greater than zero and p 1s a number

within a range of one to three; wherein the alkyl capped o1l soluble polymer has a

molecular weight selected so as to achieve a kinematic viscosity of less than six

centiStokes at 100 degrees Celsius tor the antomotive lubricant base o1l.

2. The automotive lubricant base oil formulation of claim 1, wherein the

hydrocarbon base oil is a polvalphaoletin.

3. The automotive lubricant base oil formulation of any previous ¢laim, wherein

the alkyl capped oil soluble polymer 1s a random copolymer of 1,2-butylene oxide and

|,2-propylene oxide.

4, The automotive lubricant base oil formulation of any previous Claim, further

characterized by R* being a methyl group.

5. The automotive lubricant base oil formulation of any previcus Claim, further

characterized by p being one,

6. The automotive lubricant base oil formulation of any previous Claim, further

characterized by R' being an alkyl having from eight to twelve carbons.

AMENDED SHEET
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7. The automotive lubricant base oil formulation of any previous Claim, further

characterized by the concentration of the alkyl capped oil seluble polymer being in a

range of five to fifty weight-percent based on the total combined weight of the alkyl

capped oil soluble polymer and the hydrocarbon base oil.

8. A method for increasing the viscosity index of a hydrocarbon base o1l having a

Kinematic viscosity of 100 centiStokes or less at 40 degrees Celsius while

simultaneously decreasing the viscosity of the hydrocarbon base o1l at a temperature

of -10 degrees Celsius, the method comprising blending into the hydrocarbon base o1l

an alkyl capped oil soluble polymer where the alkyl capped oil soluble polymer has

the structure ot Formula I:

R'TO(R*0),(R’0)m R,

(1)

where R' is an alkyl having from one to thirty carbons, R” and R’ are different alkyls

having three or four carbons and can be in block form or randomly combined, R is an

alkyl having from one to 18 carbon atoms, n and m are independently numbers

ranging from zero to 20 provided that n+m is greater than zero and p is a number

within a range of one to three so as to achieve the automotive lubricant base oil

formulation of any one of Claims 1-6.

9. A method for lubricating an automnotive mechanical device that comprises

multiple parts that move with respect to one another, the method comprising

introducing a lubricant comprising the base o1l formulation of any of Claims 1-6 into

the mechanical device so that the lubricant accesses interstices between the parts that

move with respect to one another.
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