PROCESS FOR MANUFACTURI NG ALKYLPHOSPHONATE MONOESTERS FI ELD OF | NVENTI ON
This invention relates to a process for manufacturing al kyl phosphonat e
nonoesters and conpositions conprising al kyl phosphonate nonoesters

manuf actured according to such process. Al kyl phosphonate nonoesters are
useful as additives for providing, for exanple, friction durability and/or
anti -shudder performance, in lubricating fluids. Mre particularly,

al kyl phosphonat e nonoesters are useful as additives in power transmitting
fluids, such as, automatic transm ssion fluids (ATF), manual transm ssion
fluids, and/or continuously variable transm ssion (CVT) fluids. BACKGROUND
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EMBODI MENTS An enbodi nent of the present disclosure provides a process for

manuf acturi ng  al kyl phosphonal & BRAR5Eefite kRS eTbod ment. of the

present disclosure provides
Current methods for the manufacture of alkylphosphonate monoester are accompanied by

undesirable processing conditions, environmentally unfriendly components, and uneconomical
by-products. For example, the hydrolysis of alkylphosphonate monoesters is most commonly
carried out in an aqueous medium followed by neutralization with a mineral acid. This method
however, causes gelation and foaming when applied to hydrophobic alkylphosphonate diesters.
Other methods use low molecular weight ketones, such as acetone and methyl ethyl ketone, as
solvents in the presence of sodium iodide (Nal). The resulting monoacid salts are converted to
free acids with the use of ion exchahge resins. Another approach is to use water-miscible
solvents, like dioxane and THF, which raise health and environmental concermns. F urther, many
such methods require processing that involves handling of intermediates in a solid phase. Such
handling is undesirable and, furthermore, decreases product yield and purity.

Therefore, a need exists in the art for an improved processing method that is economical

>

environmentally friendly, and provides an improved alkylphosphonate monoester.

BRIEF SUMMARY OF EMBODIMENTS
An embodiment of the present disclosure provides a process for manufacturing
alkylphosphonate monoesters. Another embodiment of the present disclosure provides

alkylphosphonate monoesters manufactured according to such a process. A further embodiment



al kyl phosphonat e nonoest ers manuf actured according to such a process. A
further enbodinent | of the present disclosure provides a conposition
conpri sing al kyl phosphonat e nonoesters nanufactured according to such a
process. An enbodi nent of the present disclosure may relate to an

econom cal and environmentally friendly process for preparation of

al kyl phosphonat e nonoesters which are wdely used as |lubricant additives.
This process may conprise a m xed sol vent system which can solubilize both
nmet al hydroxi des and water insol uble phosphonate esters to elimnate
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An embodiment may comprise a process for manufacturing an alkylphosphonate
monoester, comprising partially hydrolyzing an alkyl phosphonate diester with an alkaline
compound in a first solvent to provide a reaction mixture, and wherein the first solvent comprises
a mixture of an alcohol and water; diluting the reaction mixture with a second solvent to provide
an organic phase, wherein the second solvent comprises at least one non-polar organic solvent;
acidifying the reaction mixture with an acid, wherein the organic phase includes the
alkylphosphonate monoester.

An embodiment may comprise a process for manufacturing an alkylphosphonate
monoester, comprising reacting an alkyl phosphonate diester of formula (1) with sufficient alkaline
metal compound or alkaline earth metal compound and a solvent mixture comprising alcohol and

water to provide a salt of formula (2);
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™~



CH3 -- (CH2)n 0 P ROOR (1) 2 wherein, in formula (1), nis about 5 to
about 25 including all possible |linear, branched, or iso-alkyl isonmers and
wherein each Ris independently selected fromthe group consisting of

met hyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl, or any

conbi nation thereof; CH3 - (CH2). , O RO wherein, in fornula (2), nis
about 5 to about 25 including all possible |inear, branched, or iso-alkyl

i somers, wherein Ris selected fromthe group consisting of nethyl, ethyl,
propyl, isopropyl, n-butyl, t-butyl, isobutyl, or any conbination thereof,
and wherein Wis an alkaline metal or an alkaline earth netal; adding
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of nethyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl, or any
conbi nati on thereof An enbodi nent nmay conprise an al kyl phosphonat e

nonoest er manuf act ured accordi ng to a process of the present disclosure.

CHy = (CHy), < _ /

RO/ \o-w+ 3]

wherein, in formula (2), n is about 5 to about 25 including all possible linear, branched,
or iso-alkyl isomers, wherein R is selected from the group consisting of methyl, ethyl, propyl,
isopropyl, n-butyl, t-butyl, isobutyl, or any combination thereof, and wherein W is an alkaline
metal or an alkaline earth metal;

adding sufficient acid to the reaction product of formula (2) to produce an

alkylphosphonate monoester of formula (3),
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wherein n is about 5 to about 25 including all possible linear, branched, or iso-alkyl
isomers and wherein R is selected from the group consisting of methyl, ethyl, propyl, isopropyl,
n-butyl, t—butyl, isobutyl, or any combination thereof.

An embodiment may comprise an alkylphosphonate monoester manufactured according
to a process of the present disclosure.

An embodiment may comprise a method of improving the friction durability of a power
trahsmitting fluid comprising adding to a power transmitting fluid, an alkylphosphonate
monoester manufactured according to a process of the present disclosure.

An embodiment may comprise a method of improving the anti-shudder durability of a
power transmitting fluid comprising adding to a power transmitting fluid, an alkylphosphonate

monoester manufactured according to a process of the present disclosure.



a power transmtting fluid conprising adding to a power transmtting
fluid, an al kyl phosphonate nonoester manufactured according to a process
of the present disclosure. An enbodi nent may conprise a nethod of inproving
the anti-shudder durability of a power transmtting fluid conprising
adding to a power transmtting fluid, an al kyl phosphonate nonoester

manuf act ured according to a.process of the present disclosure. 3 An

enbodi ment may conprise an additive for a power transmtting fluid
conprising an_effective amount of an al kyl phosphonat e nonoester .
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BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows P*' -NMR data based on spectroscopic data of an embodiment.
Figure 2 shows CP>-NMR data based on spectroscopic data of an embodiment.
Figure 3 shows H-NMR (or proton-NMR) data based on spectroscopic data of an

embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS
Alkylphosphonate monoesters are useful as additives for providing, for example, friction
durability and/or anti-shudder performance, in lubricating fluids. More particularly,

alkylphosphonate monoesters are useful as additives in a power transmitting fluid, such as, an



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows P31-NVR data based on
spectroscopi c data of an enbodinment. Figure 2 shows C13-NMR data based on
spectroscopi ¢ data of an enbodinment. Figure 3 shows H NVR (or proton-NWR)
data based on spectroscopic data of an enbodi nent. DETAI LED DESCRI PTI ON OF
EMBODI MENTS Al kyl phosphonat e nonoesters are useful as additives for
providing, for exanple, friction durability and/or anti-shudder
performance, in lubricating fluids. Mre particularly, alkylphosphonate
nonoesters are useful as additives in a power transmtting fluid, such as,
an 4 automatic transmssion fluid (ATF), a manual transm ssion fluid,
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B - ( qﬁ@;} Qorgpﬁse, for example, from about 6 carbon atoms to about 26 carbon atoms. As a further

example, the phosphonate diester may comprise about 14 carbon atoms or more. As an even
further example, the phosphonate diester may comprise about 18 carbon atoms. The phosphonate

diester may comprise the structure of formula (1):

CH3;— (CH,), ~ i Yy o "
2o” or
wherein n may be about 5 to about 25, including all possible linear, branched, or iso-alkyl
_isomers and wherein each R is independently selected from the group comprising methyl, ethyl,
propyl, isoprqpyl, n-butyl, t-butyl, isobutyl, or any combination thereof.

In an embodiment of the present invention, the process may comprise alkaline hydrolysis
of long-carbon-chain phosphonate diesters in water-alcohol mixed solvent system which may
provide a homogeneous reaction medium for a fast and selective reaction.

The alkaline compound may comprise any of the Group I or Group II metals. In |
particular, the alkaline compound may comprise any alkaline metal and/or alkaline earth metal
and/or a hydroxide thereof. For example, the alkaline compound may comprise potassium,

calcium, magnesium, sodium, barium, or hydroxides thereof. The alkaline compound may



p ROOR (1) wherein n may be about 5 to about 25, including all possible

| i near, branched, or iso-alkyl 1isonmers and wherein each R is independently
selected fromthe group conprising nethyl, ethyl, propyl, isopropyl,
n-butyl, t-butyl, isobutyl, or any conbination thereof In an enbodi nent of

thé present invention, the process may conprise al kaline hydrolysis of
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conpound
may be about 1.0:1.5. The alkyl phosphonate diester of formula (1), for example, may react with

sufficient alkaline metal or alkaline earth metal compound in the presence of the alcohol and

water solvent mixture to provide a monoester salt of formula (2):

~
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wherein n may be about 5 fo about 25, including all possible linear, branched, or iso-alkyl
isomers, wherein each R is selected from the group comprising methyl, ethyl, propyl, isopropyl,
n-butyl, t-butyl, isobutyl, or any combination thereof, and wherein W is an alkaline metal or an
alkaline earth metal.

" The reaction mixture, for example the monoester salt of formula (2), may be diluted with
a second solvent to provide an organic phase. The second solvent may comprise at least one
non-polar organic solvent. The non-polar organic solvent may comprise, for example, one or
more of a mineral oil, a synthetic oil, aﬁd/or a mixture thereof. As a further example, the non-

polar organic solvent may comprise an alkane, a linear ether, a cyclic ether, a halogenated



may be about 1.0:1.5. The al kyl phosphonate diester of formula (1), for
exanple, may react with sufficient al kaline netal or al kaline earth netal
conmpound in the presence of the alcohol and water solvent mxture to

provi de a nonoester salt of fornmula (2): CH3 -- (CHQ)a ° ROO P/ ---"o-W
(2) wherein n may be about 5 to about 25, including all possible |inear,
branched, or iso-alkyl isonmers, wherein each Ris selected fromthe group

conprising methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl,

or any conbi nation thereof, and wherein Wis an al kaline netal or an
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wherein n is about 5 to about 25, including all possible linear, branched, or iso-alkyl
isomers and wherein R is selected from the group consisting of methyl, ethyl, propyl, isopropyl,
n-butyl, t-butyl, isobutyl, or any combination thereof,

The alkylphosphonate monoester may comprise, for example, dialkyl alkylphosphonate
and/or alkylphosphonic acid. The reaction product may be of high purity. For exafnpie, the
organic phase may comprise from about 0.2 wi% or less to about 1.1 wt% or more of the diester.
As a further example, the organic phase may comprise from about 0.6 wt% or less to about 1.1
wi% or more of the diester. As an even further example, the orgarﬁc phase may comprise from
about 0.75 wt% or less to about 1.1 wit% or more of the diester. Further, the organic phase may
comprise about 95 wt% or more of alkylphosphonate monoester.

A chemical reaction that describes an embodiment of the present invention is shown
below; where, n may comprise from about 5 to about 25 and include ali possible linear, or n-,
and brancheci or iso-alkyl isomers. For example, the alkyl groups may include 2-ethylhexyl,
nonyl, decyl, isodecyl, dodecyl, hexadecyl, and octadecyl. R groups may be methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, or a combination thereof.



gravity separation, by decanting, or by centrifugal force. The organic
phase may be further processed, such as distilled, to provide the
al kyl phosphonat e nonoester. The al kyl phosphonate nonoester nay be oi

sol ubl e and nmay conprise the structure of fornmula (3): CH3 ---- (CH2)n O
(3) PRO Ui wherein nis about 5 to about 25, including all possible
| i near, branched, or iso-alkyl isonmers and wherein Ris selected fromthe

group consisting of nmethyl, ethyl, propyl, isopropyl, n-butyl, t-butyl,

i sobutyl, or any conbination thereof. The al kyl phosphonat e nonoester may
conprise, for exanple, dialkyl alkylphosphonate and/or al kyl phosphonic
acid. The reaction product may be of high purity. For exanple, the organic
phase may conprise fromabout 0.2 wt% or less to about 1.1 w % or nore of

the di estgl.cufs aof ULbler exanpings tle organic SQcHRY conprise from
about 0.%Ehﬁsggﬁﬁfpss—Le—about 1.1.7N&§/@fgﬁﬁﬁe g?@the d%ﬁéter. As an even
further exanplexftﬁ%;@ﬁgg@ic phaseRqray” cortpiri se from alkout “®. 75 wt % or

|l ess to about 1.1 w %@k nore of the diester. Further, the organic phase
may conprise about 95 w % or nore of al kyl phosphonat e nonoester. A

chem cal reaction that describes an enbodi nrent of the present invention is
- shown bel ow;, where, n may conprise fromabout 5 to about 25 and include
al | possi bl e Thengaufacore of atkylpindplivnae eiedesdér acsding ki/the prosm hgwenfred

cxerbl e ol o gt Spelpte Lo ot penT det
propyl , 4f3RpreaRioh, ThE bitkcessiab@Rdihy to the prefent AVRAIAldo@dndt hE[Rhandling @314 CH2) n
~O NaCH phase or insolubility. Processing with a solid phase may pose certain disadvantages such as

difficulty in handling and lower product yield. A further advantage includes the use of

environmentaily benign components and intermediates, thus posing low risk to those exposed to

the reaction. Another advantage is that the reaction is highly selective, and very little diacid is

produced. Thus, the present process minimizes waste of reactants in providing a high yield

product. Another advantage is that the present process is fast compared to current processes,

thus saving the manufacturer time, and allowing higher volume production in shorter times.

A lubricating fluid, for example for use in a power transmitting fluid, may derive benefits
and advantages by including alkylphosphonate monoester manufactured according to a process
of the present invention. In particular, the fluid may have improved durability and/or may have
improved anti-shudder performance. A further advantage is that the initial friction (the ability to
transmit power to the tires) is lowered, and thus improved. Further, initial torque performance
:may also be improved by incorporating alkylphosphonate monoester manufactured according to
ﬁprocess of the present invention.

An alkylphosphonate monoester compound manufactured according to an embodiment of
the present invention will be about twice as effective in the Low Velocity Friction Apparatus
(*LVFA”) Durability test at extending duration of the friction durability of a power transmitting
fluid including the monoester compound compared to a power transmitting fluid containing a
diester counterpart. Therefore, use of such a monoester compound will allow the formulator to
use about 50% less of such component to achieve results comparable to those achieved by use of

a diester {or unhydrolyzed)} counterpart component.



\P~ 3 ROORWHH0 Re f ux Cl1:'----(CH2)n. ,O P ROB O Na dii_ H2SM
ext'n ~ CH3--(CH2)n, PO RO _OH The manufacture of al kyl phosphonate
nonoest er according to the present invention includes nany advant ages,
such as trouble free processing with a liquid phase during all stages of
theé reaction. The process according to the present invention does not
require handling a solid phase or insolubility. Processing with a solid
phase may pose certain di sadvantages such as difficulty in handling and
| ower product yield. A further advantage includes the use of

envi ronnent al beni.gn conponents and intermnmedi ates, thus posing |ow risk
to those expoé%&x?‘f}p 1HORYEF HanspiithiRe %Rm?ﬂé@“%lﬁﬁ/‘é[ﬁteé@@d %‘“gﬁa'{f’v't“gloﬂéact i on
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process mnimzes waste of reactants |ntgrOV|d|n high yie pr o uct .
Anot her BEvRfAChERIMRAng feicstgs sompaydner nrithere Suurability xes dewansaried in murghearr ent

pr ocessesthoutshihil ﬁ@ﬁh&ﬂ)ﬂ%ﬂ@fﬁ@ﬁﬂt‘% 15 %l@&# éoﬁiya %fﬁ%#%&@% il :9% s UM

production in shorter times. |cat| exa use in a
power t rdatsyps themenal yzgd dsmgrhlyead @tgrewmb erlrﬁé‘sfSlSt She aepilessidu amfﬁgest ehryiencmdl udi ng

al kyl ph mﬁ@ﬁ{lﬁ cg}?t'a 168 m! Ie?gérﬁé%gfi %\%g gboq.llt Rﬁave gfe%{lo&gl%’siﬁﬂ&&& l}ei ty

present |nvent|on artlc .
and/ or rﬂyaﬂlhkv@ftherﬂmd)vcadpaaaf{ttmlwﬁlddeontmemkduerthmm A furt her advantage is

| over ed, and  MPECR GO RN Ui P Cimagips P PGP B ol so
be i npr cadditivleytoi m@@mﬁQIi@dHafhgteﬁbtK% lop t1as g NaldeviiRNaemhely @R He)e Eflent
accordi n(% tltxe overall vehicle performance and fuel economy. Such additives may comprise, for
example, one or more of any or none of an exireme pressure agent, an antiwear agent, an
antioxidant or an antioxidant system, a corrosion inhibitor or a corrosion inhibitor system, a
metal deactivator, an anti-rust agent, a friction modifier, a dispersant, a detergent, a dye, a seal
swell agent, an anti-foam agent, a surfactant, a viscosity index improver, a viscosity modifier, a
perfume or odor mask, and any suitable combinations thereof. For example, while friction
modifiers may be routinely added to lubricating fluids, the particular type and amount of friction
modifier is unique and specific to the needs of each particular application.
Further, a lubricating fluid according to the present invention may be used in combination
with a base oil. The base o1l may comprise any suitable base oil or mixture of base oils for a
. particular application. In some embodiments of the present invention, additives may be provided
in an additive package concentrate. The alkylphosphonate monoester may comprise an additive
in an additive package. In particular, an additive package for a power transmitting fluid, such as
an ATF, a MTF, or a CVT fluid may comprise an effective amount of an alkylphosphonate
monoester made according to the present invention. An effective amount may comprise an
amount suitable to provide enhanced anti-shudder properties and/or improved friction durability.
| Further, some embodiments of the present invention may comprise a diluent, e.g., a
diluent oil. A diluent may be included to ease blending, solubilizing, and transporting the
. additive package. The diluent may be compatible with a base oil and/or the additive package.
The diluent may be present in any suitable amount in the concentrate. A suitable diluent may
comprise a process oil of lubricating viscosity. Suitable base stocks may be manufactured from

the gas-to-liquid process.



a process of the present invention. An al kyl phosphonate nonoester conpound
manuf actured according to an enbodi nent of the present invention wll be
about twice as effective in the Low Velocity Friction Apparatus ("LVFA")
Durability test at extending duration of the friction durability of a power
transmtting fluid including the nonoester conpound conpared to a power
transmtting fluid containing a diester counterpart. Therefore, use of
such a nonoester conpound will allow the formulator to use about 50% ess
of such conponent to achieve results conparable to those achieved by use of
a diester (or unhydrolyzed) counterpart conmponent. 8 For exanple, power
transmtting fluid test sanples were tested using a Low Velocity Friction
Apparatus ("LVFA') Durability test sysigiprEJASO M349). The test sanples
included a nonoester conmpound, a diester conpound, or neither. Durability
was denonst r atEE eistimetierctadeeyiphogphenaist(PMOMel T2rg Hi0,end d8e g himomit ver sus
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effective 4. ' he ..durapildty. of the flujid co r to, the fluid
cont ai ni %&%g@‘@ﬁ@g{) 21? PECAﬁfnﬁ%} ?@@t !:h d%?elr B]edmgﬁlc%f’%‘?% Sl’trggﬂf‘ﬁgh"psr"é’? nt

i Eve Nt i omixvey was h?anetbtoondtillaai_nfamﬁﬁméfagqem ﬁC) tlad_sihéziry.lefshet d)tladr AREOMB oW RBlution
characteristi 0 at ui.d,. | ultinately relate to i nprovenent
of the OV%Sr%?IOfe%\}% R? ﬁaé‘dﬁlélfl’fegr“ﬂﬁ'%g ‘gﬂﬂfhwgne-eﬁ‘fﬂﬁ‘?@ seytiep eamAiRing es nay
Conpr i s ephokgtonicaTHRNN SNCvATacilid HH-3M3.5)kith20% RISCAN Gt 5 IR oPr €SSure
agent, an antiwear agent, an antioxidant of an anti oxi dant system a

ea gen ) LI
corr osi oYHEPTARY HirEiRg thsmiztugswasadlopnd ftepwptednto diguiddesiersa Thewlease adesous layert or
an ant i -§aSdra@g Bitbughth Jt(gﬂcﬁ&i Aol Gthe RalioRRRIS e orfunflElh IS AL a8k dye,

a seal swell agent, ananti-foam agent, a surfactant, %w stosity 1 ndex
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conbi natj f -while frietio | fiers be
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calculated phosphorus content and percentage determined by ICP. The percent phosphorus was
. about 9.00%, whereas the calculated phosphorus content was about 8.89%. The total acid
number (“TAN”) value was determined using ASTM D664 and was about 165.8 mg KOH/g
(calculated value was about 160.9 mg KOH/g). This value supports the resulting high level of
product purity. A quantitative determination of impurities was carried out by P*'-NMR that
involved spiking experiments using authentic samples.

In Figure 1, P*’-NMR spectrum of octadecylphosphonic acid monomethyl ester illustrates
peaks of the component in a CDCl; and n-hexylamine solvent system. In Figure 2, C*-NMR
spectrum of octadecylphosphonic acid monomethyl ester illustrates peaks of the component in
CDCls. In Figure 3, H-NMR (or proton NMR}) spectrum of octadecylphosphonic acid
monomethyl ester illustrates peaks of the component in CDCls. These figures show that the
amount of impurity in the product may be up to about 10%. In particular, the product may
contain about 0.25% dimethyl octadecyl phosphonate diester (DMOP) and/or about 0.6% fully
hydrolyzed dimethyl phosphonate diester.

While the present disclosure has been described in some detail by way of illustration and

example, it should be understood that the embodiments are susceptible to various modifications
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with a base oil. The base oil may conprise any suitable base oil or m xture
of base oils for a particular application. In sone enbodi nents of the
present invention, additives nay be provided in an additive package
concentrate. The al kyl phosphonat e nonoester may conprise an additive in an
additive package. In particular, an additive package for a power
transmtting fluid, such as an ATF, a MIF, or a CVT fluid nay conprise an
ef fective anmount of an al kyl phosphonate nonoester nade according to the
present invention. An effective anmbunt nmay conprise an anount suitable to

provi de enhanced apti-shudder properties and/or .inproved friction

dur abi | i ?@.aﬂﬁwghee fmi’&ﬁé ar@r?%‘%?‘ﬁ'ﬁ?‘?f‘ o &‘F SP‘T?é’lmpﬁ“g?gﬁ‘i‘e“itsrﬁ? o HeYlddsnpri se
a di | uenindesst@d,tha thedé spseific epibbdin@nliatd @A intofkEd RElih R Sl UARAHbAbAASEthe

bl endi ng, sol uhil.izing, and transporting the additive package. The dil uent

may be cOWFAD: BE&GRYR intaroxer o modifieptiops, cod valents. apd dligseativay@lling mithieli | uent
may be nheggﬂhmdyd%@bgmgﬁ@@h@nannunt'in the concentrate. A suitable

di luent may conprise a-process oil of lubricating viscosity. Suitable base
stocks may be manufactured from the gas-to-liquid process. 9 EXAMPLE 307
g of dimethyl octadecyl phosphonate (DMOP), 172 g H20, and 184 g n-propyl

al cohol were charged into a 2 liter round bottoned flask equi pped with a
condensor, thernocouple probe, and a nmechanical stirrer. To this stirred
sol ution was added 44.0 g sodium hydroxide (NaOH) in one portion at 70 C
After the initial exotherm subsided, the stirred mxture was heated to

mai ntain a fast reflux (87 "C) for 3 hours. The clear deep yell ow sol ution
was cooled to 65C and diluted with 260 nL of heptane. The stiffed solution
contai ning phosphonic acid sodiumsalt was acidified (pH=3 -3.5) wth 20%
H2SO4. After 5 mn of vigorous stir-ring the mxture was allowed to
separate into liquid | ayers- The dense aqueous | ayer was drawn through a
stopcock at the bottom of the reaction flask- The organic layer in the
flask was separated fromthe solvent by vacuumdistillation (25-28 m n Hg)
to | eave a dense liquid residue at 125 'C. The dense |liquid residue was
poured out of the flask. The product weighed 293.2 g (99.3% recovery). It
gave the anal ytical and spectroscopic data shown in Figures 1-3.
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An I nductively Coupled Plasma ("1 CP") analysis showed favorabl e agreenent
bet ween cal cul ated phosphorus content and percentage determ ned by | CP.
The percent phosphorus was about 9.00% whereas the cal cul ated phosphorus
content was about 8.89% The total acid nunber ("TAN') val ue was

det er mi ned usi ng ASTM D664 and was about 165.8 ng KOH g (cal cul ated val ue
was about 160.9 ng KOH g). This value supports the resulting high | evel of
product purity. A quantitative determ nation of inpurities was carried out
by P31- M¥R{yat involved spiking experinments using authentic sanples. In
Figure 1, p31-NMR spectrum of octadecyl phosphonic acid nononet hyl ester
illustrates peaks of the conponent in a CDC13 and n-hexyl am ne sol vent
system In Figure 2, O NVMR spectrum of octadecyl phosphoni ¢ aci d nononet hyl
ester il]Justrates. peaks of the conmponent in CDC13. In Figure 3, H NWR (or
prot on NVR} PEsESIPLmetaciiingfe aiviosinntie eoaessirromprinaghy| est er

i1 lustrates peRksd: y%&d&@ﬁngmyﬁmsph&a%;ér wilif) aﬁlhg%rd}ﬁ)% Iﬁﬁg\ﬁlﬁ%gat t he
amount of inpurity in the product rmay be up to about 10% PR particul ar,
the pr oo‘iﬁ’&‘tegg‘ﬁypm"é‘@ﬁﬁ ®agiiog By andbyherpirdhcst sobeatieoyirisptromptronaf en di est er
(DMOP)  apgher ard@iil,- 0. 6% ful Iy hydrol yzed di met hyl phosphonate diester.
Wil e the present disclosure has been described in sone detail by way of

i |1 ustrati on dilmting @ agaptien mixturs ith| acsetrmd soktentdo podidehabrdshie phateodiheeni s ar e
suscepti ' (fhcations 10 and alternative forms, and are not
restri cttg%lgﬁcgg%%og&égg@@%%%gg RdiRp-polas prepnis s f"e?’t shoul d be under st ood
that these speiifying tienbadioneritisreawith A0icid, Whergtetle bzahicPhisetifdudddwant i on
but, on th hc](#??trar , the intention is to cover all nodifications,

equi val éitSPIOSRPRAr S¥¥ves falling within the spirit and scope of the
invention. Il CLAIMS 1. A process for manufacturing an al kyl phosphonat e
nonoester, conprising: partially hydrolyzing an al kyl phosphonate diester
with an ZalfRaPiasess ob pis hdvherein dlptingthe ragtipammixtuse Wr‘%ﬂ]eéecoaldrse'é(@etimwides

m Xt ur €,a @RpatanRiuld hiktird idcfllinghe/§BiniC PIRE kP Aubduspiig. of an
3. The process of claim 2, further comprising:

separating the organic phase from the aqieous phase and

removing the second solvent.

4. The process of claim 1, further comprising distilling the organic phase to provide the

alkylphosphonate monoester.

5. The process of claim 1, wherein the organic phase comprises from about .2 wi% or less to

about 1.1 wt% or more of the diester.

6. The process of claim 1, wherein the organic phase comprises about 95 wt% or more

alkylphosphonate monoester.

7. The process of claim 1, wherein the non-polar organic solvent comprises one or more of

synthetic oils, mineral oils, or mixtures thereof.
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al cohol and water; diluting the reaction mxture with a second solvent to
provi de an organi c phase, wherein the second solvent conprises at | east
one non-pol ar organic solvent; acidifying the reaction mxture with an
acid, wherein the organic phase includes an al kyl phosphonate nonoester. 2.
The process of claim1l, wherein diluting the reaction mxture with the
second sol vent provides a two-phased liquid m xture including the organic
phase and an aqueous phase. 3. The process of claim2, further conprising:
separating the organi c phase fromthe aqueous phase and renoving the
second s ent. 4. rocess of claim1, further conprising distilling

The (0] 1
the or gahild® BHEES qfspaﬂpﬁvw el nor R RSSO AR I ORPRSSans o mgre afte

process gfane) AlifBateth¥hg ERIliR etiRE anaﬁ)%Eiila@e ARR GO 28R Satlc M RRBHE, 0. 2 W %
or less to, about 1.1 wt% or nore of the diester. 6. The process of claim

1, wher €iYRlopkans pphawdushgsEotonpri ses about 95 wt % or nore

al kyl phosphonat e nonoester. 7. The process of claim1l, wherein the

non- pol ar organi ¢ sol vent conprises one or nore of synthetic oils, mneral
oi |'s, or9 dhgpracess of glaira df whergingartitHe hptrolyeing thefalicil ghesphonaphdieséncotipeises

non- pol ' N ' [ f an.. alkane, a |linear
et her, 3%33%9?@H§¥ﬁ%#¥§h aﬁggéhéﬁgﬁﬂﬁggﬁégggboﬁ?mg%a%?gﬁgtic hydr ocar bon
a cycloal kane, and m xtures thereof. 9. The process of claiml1l, wherein
partial l drol yzi the al kyl phasphonate.di ester conprise rtially
v of y g R R i, Rk R RdRL Frbg s &t o leaeRadll ' 13,
The process of claim1, wherein the al cohol conprises a | ow nol ecul ar

wei ght a@c%gol. 11. The process of claim 1, wherein the alcohol is mscible
wi t h watdr Tag Proggss eiclﬁgwgemetrw &g alephol is puscifilowith svapsr aleHpriempeighiseei n t he
al cohol conprises at | east one of nethanol, ethanol,

12. The process of claim 1, wherein the alcohol comprises at least one of methanol, ethanol,
propanol, isopropanol, n-butanol, t-butanol, pentanol, iso and branched isomers thereof, and

mixtures thereof:

13. The process of claim 1, wherein the ratio of water to alcohol is from about 1:10 to about

10:1 in weight percent of water to weight percent of alcohol in the solvent mixture.

14. The process of claim 1, wherein the ratio of water to alcohol is about 1:1.1 in weight percent

of water to weight percent of alcohol in the solvent mixture.

15. The process of claim 1, wherein the alkaline metal compound or alkaline earth metal
compound comprises at least one of sodium hydroxide, potassium hydroxide, magnesium

hydroxide, calcium hydroxide, barium hydroxide, and/or sodium hydroxide.
16. The process of claim 1, wherein the acid comprises at least one of a mineral acid, a
carboxylic acid, a phosphoric acid, a phosphorous acid, a hydrochloric acid, a nitric acid, a

perchloric acid, a sulfuric acid, and/or a mixture thereof.

17. Use of the alkylphosphonate monoester manufactured according to the process of claim 1 in

an automotive transmission fluid, wherein the automotive transmission fluid comprises any one
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propanol , isopropanol, n-butanol, t-butanol, pentanol, iso and branched

i somers thereof, and m xtures thereof. 13. The process of claim1, wherein
the ratio of water to alcohol is fromabout 1:10 to about 10:1 in weight
percent of water to weight percent of alcohol in the solvent mxture. 14.
The process of claim1, wherein the ratio of water to al cohol is about
1:1.1 in weight percent of water to weight percent of alcohol in the
solvent m xture. 15. The process of claim1l, wherein the al kaline netal
conpound or al kaline earth netal conpound conprises at |east one of sodium
hydr oxi de, potassi um hydroxi de, magnesi um hydroxide, cal ci um hydroxide,
bar i um hHYfdngRiometic SARYFsidLMItA Ryhabiangmisson fipkb ops erndisyousty warible 1,
wher ei N ¢hempGiod fa@TPri ses at | east one of a mineral acid, a carboxylic
acid, a phosphoric acid, a phosphorous acid, a hydrochloric acid, a nitric
acid, a perchloric acid a sulfuric acid, and/or a m xture thereof 17.
Use of the koYY %aﬂ%%b%%ééte%rmm&‘d&?&& g&%ﬂ ng% ﬂ{edp'r 0Gsd e, process
of claimlin an a tonD I've transm ssion FRESS S Ve
transmi s%]i!cofrﬁrﬂlhuﬂndsmn@md,s‘wranyheqxweiﬁamimamra‘hnd)mprcset a anisiiessfiadiasd I ui d,

a nmanual |on f Wi L...a conti nuous e tr.ansni ssion
f1uid. Hr%s%@d l% heralt ﬁ*er?gé‘é’ﬁe Coﬂ%’sﬁ%%@é’gﬁrgrﬁﬂﬁ%?ﬁr&%&f Y HEWSt ding to
the pr oqnessur@fageﬂt,aarmnhmm- agantpmmmoicfdaﬂftaﬂhﬁ ahtixidahidyStenph eb@bdiod MBibREMET
transm ssi on f|UIH&&%gBr ses a nlﬁ%ure of a base o0il and. an additive,

wher ei n TRECHET ks anetal degetiiatar, gp a@h@”&?geﬂbﬁéﬂ@fc’“&ﬂo@ﬁ% gne

pressur edig@eakht, a déte@bitl NERS, 2 308 Hell AfenB AL WX EHAN geRt a SR AR %&%&!ﬁy system
a corrosion inhibitor or a corrosion i'nhi bi t or system a netal

deact i vaP&X IMRFPVER@jviscosty megkifier, 2 perfumeceradar metk pidgny syitable sombisatiims a
det er genferesr, dye, a seal swell agent, an anti-foam agent, a surfactant, a
viscosity index inprover, a viscosity nodifier, a perfune or odor nask,
and any suitable conbinations thereof. 19 A lubricant conprising the

al ky! PhogPRGRRH Enl WSk e IR RAFMR I ACEALIh ARk Rurb oo REREE R OF O 31 M

process of claim 1.

20. An alkylphosphonate monoester manufactured according to the process of claim 1.

21 . A process for manufacturing an alkylphosphonate monoester, comprising:
reacting an alkyl phosphonate diester of formula (1) with sufficient alkaline metal

compound or alkaline earth metal compound and a solvent mixture comprising alcohol and water

to provide a salt of formula (2);

4 W
~

wherein, in formula (1), n is about 5 to about 25 including all possible linear, branched,
or iso-alkyl isomers and wherein each R is independently selected from the group consisting of

methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl, or any combination thereof;
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20. An al kyl phosphonat e nonoest er manufactured according to the process of
claim1. 21. A process for manufacturing an al kyl phosphonat e nonoester,
conprising: reacting an al kyl phosphonate diester of forrmula (1) with
sufficient al kaline metal conpound or al kaline earth nmetal conpound and a
solvent m xture conprising al cohol and water to provide a salt of formula
(2); CH3 - (CH2)n PO (1) RO/ OR wherein, in formula (1), nis about 5to
about 25 including all possible |inear, branched, or iso-alkyl isoners and
wherein each R is independently selected fromthe group consisting of

met hyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl, or any
conbination thereof; 14 .................. CH3 - (CH2)a\ / O PRO OW
(2) wherein, in formula (2), nis about 5 to about 25 including al

possi ble linear, branched, or iso-alkyl isonmers, wherein Ris selected
fromthe group consisting of methyl, ethyl, propyl, isopropyl, n-butyl,
t-butyl, isobutytH;e+ (@ny) Qﬁgb%&&tion thereof, and wherein Wis an al kaline
metal or an alkaline earth wal ; adding sufficient acid to the reaction
product of fornula (2) to ppﬁdﬁbeogg+ al kyl phosphong)e nonoester of formula
(3), CH3 ---- (CH2)a / OR®

wherein, in formula (2), n is about 5 to about 25 including all possible linear, branched,
or iso-alkyl isomers, wherein R is selected from the group consisting of methyl, ethyl, propyl,
isopropyl, n-butyl, t-butyl, isobutyl, or any combination thereof, and wherein W is an alkaline
metal or an alkaline earth metal,

adding sufficient acid to the reaction product of formula (2) to produce an

alkylphosphonate monoester of formula (3),
4 ®
~

wherein n is about 5 to about 25, including all possible linear, branched, or iso-alkyl
isomers, wherein R is selected from the group comprising methyl, ethyl, propyl, isopropyl, n-

butyl, t-butyl, isobutyl, or any combination thereof.
22. The process of claim 21, wherein the alcohol comprises at least one of methanol, ethanol,
propanol, isopropanol, n-butanol, t-butanol, pentanol, iso and branched isomers thereof, and/or

mixtures thereof,

23. The process of claim 21, wherein the ratio of water to alcohol is from about 1:10 to about

10:1 in weight percent of water to weight percent of alcohol in the solvent mixture.

24. The process of claim 21, wherein the ratio of water to alcohol is about 1:1.1 in weight

percent of water to weight percent of alcohol in the solvent mixture.
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| i near, branched, or iso-alkyl isonmers, wherein Ris selected fromthe
group conprising nethyl, ethyl, propyl, isopropyl, n- butyl, t-butyl,

i sobutyl, or any conbination thereof. 22. The process of claim 21, wherein
t e al cohol conprises at |east one of nethanol, ethanol, propanol,

i sopropanol, n-butanol, t-butanol, pentanol, iso and branched isoners

t hereof, .and/or m xtures thereof 23. The process of claim21l, wherein the
ratio of water to alcohol is fromabout 1:10 to about 10:1 in weight
percent of water to weight percent of alcohol in the solvent mxture. 24.
The process of claim 21, wherein the ratio of water to al cohol is about

L1 1 0o Ol e DEF SR 2 CLnAREL odifltel O PELGBAJ 26 al cohol in the

sol vent € process o im21, wherein n conprises about
13 to about 25. 26_ The process of claim 21, wherein the al kaline netal

conpound, or_ al kal i ne ear tal ., compoun | of sodi um
hydroxigé;1&8P§§§ﬁéﬁfﬁyﬁkgi¥%a?HHEG%E§PEH%uﬁg r%&@%gfﬁ%%bggaﬁgﬁeﬁioxide,

and bar i dafpbisly eoxipiies A Mdbtane 96 sidinm hydivide,detas@dm hydrexideovegssiof cl ai m 21,
wherein the acid conprises at |east one of a.mneral,acid, a carboxylic
acid, a W%&?@?ﬁ@“‘%@’ﬁé{oxgepﬂ%‘%w‘éﬂ roélfjled"fnd@r §?f{“frﬂ W%mé‘gf'd, anitric

acid, a hydrochloric acid, a perchloric acid, and/or a m xture thereof.

28_ The process of claim 21, wherein the al kyl phosphanat e noest er
conpr i se¥. heiprapsey pf cipmvdh AdsEinths deidspmprises RS/]FaSbH%s HIRPEPadi %2 29. Use of
the al ky&%%?ﬁé‘&ﬁ‘@fagjhﬂﬁﬁeﬁééﬁ& a%'akﬂlﬁ?&u@falad, AGUARELGE aldticheidps ocess of

claim 21”1 n “an adtdnotive transm ssion uid, wherein the autonotive
transmi seidarhforigiadidcoppehilsdsacihand/pr amixtegtlosenfi c transmission fluid, a
manual transmi ssion fluid, or a continuously variable transm ssion fluid.
30. Use of the al kyl phosphonat e nonoest er manufactured according to the
process ¥ Thé piodesd bf tlaim 21, wherein the alkylphosphonate monoester comprises a dialkyl

phosphonate and/or a alkyl phosphonic acid.

29. Use of the alkylphosphonate monoester manufactured according to the process of claim 21 in
an automotive transmission fluid, wherein the automotive transmission fluid comprises one of an
automatic transmission fluid, a manual transmission fluid, or a continuously variable

transmission fluid.

30. Use of the alkylphosphonate monoester manufactured according to the process of claim 21 in
a power transmission fluid, wherein the power transmission fluid comprises a mixture of a base
oil and an additive, wherein the additive comprises a mixture of one or more of an extreme
pressure agent, an antiwear agerit, an antioxidant or an antioxidant system, a corrosion inhibitor
or a corrosion inhibitor system, a metal deactivator, an anti-rust agent, a friction modifier, a
dispersant, a detergent, a dye, a seal swell agent, an anti-foam agent, a surfactant, a viscosity
index improver, a viscosity modifier, a perfume or odor mask, and any suitable combinations

thereof.

31. A lubricant comprising the alkylphosphonate monoester manufactured according to the

process of claim 21.
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a power transmssion fluid, wherein the power transm ssion fluid conprises
a mxture of a base oil and an additive, wherein the additive conprises a
m xture of one or nore of an extrenme pressure agent, an antiwear agent, an
antioxi dant or an antioxi dant system a corrosion inhibitor or a corrosion
i nhi bitor system a netal deactivator, an anti-rust agent, a friction

nodi fier, a dispersant, a detergent, a dye, a seal swell agent, an
anti-foam agent, a surfactant, a viscosity index inprover, a viscosity
nodi fier, a perfume or odor mask, and any suitabl e conbinations thereof.
31. A lubricant conprising the al kyl phosphonat e nonoester nmanufactured
according to the process of claim?2l. 16 32. An al kyl phosphonat e nonoest er

manuf actyr /g aﬂ(?m&gﬂmﬁat& thohb&ieR HRAERSAY abdRUiPY tlthe prodessHf BRINOH Of
inmproving the friction durability and/or the anti-shudder perfornmance of a

power transmtting fluid, conprising adding to a power transmtting fluid

an al kyl4h . - D 1.S] :
partialf?'%?gggpg%?ﬁg anggﬁﬁgﬁagﬁgg%ﬁgﬁg |%?y%%naﬁgﬁ&gimgﬁﬁ%#?ﬁgﬂ%onpound
in a finsver saiswatting floidp rguprtingaddimgdo & power transmigtingsthdd whelkgiphosphendté r st
sol vent coqﬁ&gsesllmpié re %Lsg@mnakﬁohol and water; diluting the reaction
m xt ur e WP BN EHG SO PY A RYOCESS pr Vide an organi ¢ phase, wherein the
second sol venpartiztlyhydeBingtan latkgb phospleatadiest@ralitrancallgdine cormpdund i 2 fissti di f yi ng
the reactjon mxture with an acid, erein the organi c phase.incl udes an
bl Kyl phoSBRBHAR e Mo, A W o e P Ve RS AT ES g 1 ui o
conpr i sigMphopdhdeldi@ct i ve anount of an al kyl phosphonat e nonoest er
manuf actured by .a process conprising: partially hydrolyzing an al kyl
phosphonat e dlilztpgthe fachonmixipg yithdseeqndsolyprt to Aroxide pn pEganicfhgisy hetsin
provi de te §R8d LM bnlbath e, at306 BRSIRIpBIat Bahit soiberiol vent conprises a
m xture o an al cohol "and water; ,

acidifying the reaction mixture with an acid, wherein the organic phase includes an

alkylphosphonate monoester.

34. An additive for a power transmission fluid, comprising:
an effective amount of an alkylphosphonate monoester manufactured by a process

comprising:

partially hydrolyzing an alkyl phosphonate diester with an alkaline compound in a
first solvent to provide a reaction mixture, and wherein the first solvent comprises a mixture of
an alcohol and water;

diluting the reaction mixture with a second solvent to provide an organic phase,
wherein the second solvent comprises at least one non-polar organic solvent;

acidifying the reaction mixture with an acid, wherein the organic phase includes

.an alkylphosphonate monoester.

35. A power transmitting fluid comprising a major amount of a base oil and an effective amount
of an alkylphosphonate monoester manufactured by a process comprising:

partially hydrolyzing an alkyl phosphonate diester with an alkaline compound in a

first solvent to provide a reaction mixture, and wherein the first solvent comprises a mixture of

an alcohol and water;
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diluting the reaction mxture with a second solvent to provide an organic
phase, wherein the second solvent conprises at | east one non-pol ar organic
solvent; acidifying the reaction mxture with an acid, wherein the organic
phase includes an al kyl phosphonate nonoester. 35. A power transmitting
fluid conprising a major ampbunt of a base oil and an effective anount of
an al kyl phosphonat e nonoester manufactured by a process conpri sing:

partial l'y hydrolyzing an al kyl phosphonate diester with an al kal i ne
conpound in a first solvent to provide a reaction m xture, and wherein the
first solvent conprises a mxture of _an al chh?l and water; 17 di Euti ng the
reaction mixture @iltmedhaisadion rigiuremth 2 sropprbIpl et WPTEYdaRt CepnS sBase,

uher e N Jiifis G:QBbnd BhivER Lo BARS bOIRS Be ARGMar SiAnRABrRAL Ar OT gani c _
sol vent; acidifying the reaction mxture with an acid, wherein the organic
phase includes ~ancidifiips plesegshomaduRdndasgd, whgein the organic phase includes

an alkylphosphonate monoester.
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