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PROCESS FOR MANUFACTURI NG ALKYLPHOSPHONATE MONOESTERS FI ELD OF | NVENTI ON

This i nvehtion relates to a process for manufacturing al kyl phosphonate
;nnnoesters and conpositions conprising al kyl phosphonat e 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 contlnuously variable transmission (CVT) fluids. BACKGROUND
OF THE | NVENTI ON Current nmePREWESSHOR MANHRACIURING of al kyl phosphonat e

envi ronmental 1y unf 11 endl o RsKboAERF LA MESORSIRRET by protiuct s. For

exanpl e, the hydrolysis of aIkyIphosphonate nonoesters i s nost comonly
carried out in an aqueous nediugﬁéﬂb neutrallzatlon with a m neral
acid. This method however, cau SN foan1ng when applied to
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ce55| net Q econom cal enV|ronnentaIIy friendly, and
provi des anmllS 2932?§P§§1phosphonate nonoest er. BRI EF SUVWMARY OF

EVMBODI MENTS An enbodlnent of the present disclosure provides a process for
manuf act uri ng
BACKGROUND OF THE INVENTION

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 éommonly
catried 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 jodide (Nal). The resulting monoacid salts are converted to
free acids with the use of ion exchange resins. Another approach is to use water-miscible

Cﬁ solvents, like dioxane and THF, which raise health and environmental concerns. 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
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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 nonoesters. Anot her enbodi nent of - t he present di scl osure

provi des al kyl phosphonat-e nonoesters manuf actured according to such a

R

process. A further enbodinent | of the present disclosure provides a -

~conposition conprising al kyl phosphonat e nonoesters nanufact ured accor di ng

“acid, wherein the organic

to such a process. An enbodi ment of the present disclosure may relate to an
econom cal and environnentally friendly process for preparation of

al kyl phosphonat e menoesters which are w dely used as ‘lubricant additives.
Thi s process nay conprise a mxed sol vent system which can solubilize both
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enbodi ment main ansmphodieens, alnbiessmbp toripribefad @ikyIphagpidRate howbdzRpsphonat e
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improve performance in durability testing, such as friction durability testing.
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An embodiment may comprise a process for manufacturing an alkylphosphonate

monoester, comprising pa:tial!y 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.

O : An embodiment may comprise a process for manufacturing an alkylphosphonate
monoester, comprising reacting an alkyl phosphonate diester of formmula (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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metal conpound or. al kal i ne earth netal conpound and a sol vent mixture
“conprising al cohol and water to provide a salt of formula (2); CH3 (CH2) n
v\ ~[/-0(1) P RO OR 2 wherein, in fornula (1), . n is about 5 to about 25
including all possible linear, branched, or iso-alkyl isomers and wherein
each R is independently selected fromthe group consisting of .nmethyl,

et hyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl, or any conbination
thereof; CH3 - (CH2)n P RO O W (2) wherein, in fornula (2), n is about 5
to about 25 including all possible linear, branched, or iso-alkyl isoners,
wherein Ris selected fromthe group consisting of nethyl et hyl, propyl,

i sopropyl, n- bilesgin, in fopmulpl(1), i sodhot/s to abbumﬁandmﬁbg al&bbﬁrbiet ﬂﬁ%ﬁﬁ%fancﬁ&ﬁ

wherein tal e earth ne addlng

suffici e}ré\ltli gm I?sohlt%#ea%rgé’va{lc{m%eacg?b‘ d?‘?’“ g gapsting of

al kyl phospthyhatieyl,momdssaromi, d-butpiit- Butﬁvﬁ)sob@'[vﬁ or afy@ambihatioPiedbf; RO OH
a

wherein n is about 5 to about 25 including possi bl e i near, 'branched,
or iso-alkyl 3 isomers and wherein Ris selected fromthe group consisting
of nmethyl, ethyl, propyl, |sopropyl n-butyl, t-butyl, isobutyl, or any
conblnatlon thereo@H-Aﬁ( i menzPmay conprise an al kyl phosphonat e
nonoest er nanufactured accord

~

RO o-wH+ (2

O 7. 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

alkylphoéphonate monoester of formula (3),
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wherein n is about 5 to about 25 including all possible linear, branched, or iso-élkyl
@ 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 emboediment 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
transmitting 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.




't o""a ‘process of'-the present disclosure. An enbodi ment may conprise a method
of 1 nproving the friction durability of a power transmtting fluid
< conprising adding to a power transmitting fluid, an al kyl phosphonate =~ =
monoest er manufactured according to a process of the present disclosure. An .
enbodi nent may conprise a nmethod of inproving the anti-shudder durability
of -a power transmtting fluid conprising adding to a power transmitting -
fluid, an al kyl phosphonate -nobnoester manufactured according to a process
of the present disclosure. 3 An enbodi nent nmay conprise an additive for a
power transmtting fluid conprising an . effective anount of an .
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contrary, the nunerical paraneters set forth in the specification and
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the application of the doctrine of equivalents to the scope of the claims, each numerical

parameter should at least be construed in light of the number of reported significant digits and by
applying ordinary rounding technjqués. Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of the invention are approximations, the numerical
values set forth in the specific examples are reported as precisely as possible. Any numerical
value, however, inherently contains certain errors necessarily resuliing from the standard

deviation found in their respective testing measurements.

C_:% , ' BRIEF DESCRIPTION OF THE DRAWIN GS
Figure 1 shows P>'-NMR data based on spectroscopic data of an embodiment.
Figure 2 shows C”>-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




val'ue, however, inherently contains certain errors necessarily resultlng

- fromthe standard deviation found in their respective testing -

< measur enent s.. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1 shows P31-NMR data
based on spectroscopi c data of an enbodinment. Figure 2 shows C13-NWR data -
based on spectroscopic data of an enbodinment. Figure 3 shows H NVR (or
proton-NVR) data based on spectroscopic data of an enbodi ment. 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, ‘
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| ubri cat iéte bl ditiOnal addiigs. one or nore additional additives. An enbodi ment
may conprise a pr ocess for manufacturing an al kyl phosphonate nonoester.
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may conprise about 14 carbon atons or
may comprise, for example, from about 6 carbon atoms to about 26 carbon atoms. Asa further

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

diester may comprise the structure of formula (1):

CHy — (CHp)y < ] 2° 0
RO 7 Sor
wherein n may be about § to about 25, including all possible linear, branched, or iso-alkyl
O ‘isomers and wherein each R is independently selected from the group comprising methyl, ethyl,
propyl, isoprc_)pyl, 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 alkatine compound may comprise any of the Group I or Group II metals. In |
particular, the alkaline compound may comprise any alkaline metat and/or alkaline earth m.etal
and/or a hydroxide thereof. For example, the alkaline compound may comprise potassium,

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



further exanple, the phosphonate diester may conprise about 18 carbon: .
atons. The phosphonate diester nmay conprise the structure of formula (1):
+CH3 - (CH2)n O\~ (1) RO OR wherein n may be about 5 to about 25, - L
including all possible |linear, branched, or iso-alkyl isonmers and wherein
‘each R is independently selected fromthe group conprising nethyl, ethyl,
propyl, isopropyl, n-butyl, t-butyl, isobutyl, or any conbination thereof.
-I'n an enbodi nent of the present invention, the process may conprise

al kal i ne hydrolysis of |ong-carbon-chain phosphonate diesters in
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The molar ratio of an alkyl phosphenate diester to that of an alkaline metal compound

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):

CH,; — (CH,),

~
/' Nows @

wherein n may be about 5 to 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 sait of formula (2), may be diluted with
asecond 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, aﬁdfor a mixture ‘thereof. As a further example, the non-

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



mxture. As an even further exanple, the ratio of water to al cohol may be

“about 1:1.1 in weight percent of water to wei ght percent of alcohol in the ..

.’solvent mxture. The nolar ratio of an al kyl phosphonate diester to that of
~an al kaline metal conpound may be about 1.0:1.5. The al kyl phosphonate
diester of fornmula (1), for exanple, may react with sufficient alkaline
metal or alkaline earth netal conpound in the presence of the al cohol and
wat er sol vent m xture to provide a nonoester salt of fornula (2): CH3 - :
(CHZ)Nn %O P RO OW (2) wherein n nay be about 5 to about 25, i ncluding
all possible |inear, branched, or iso-alkyl isoners, wherein each Ris
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organi ¢ phase and a water phase. The two phases may then be separated to

CH; ~— (CH,)
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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-buty], 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 exar‘nple, the
Q orgal;ic phase may comprise from about 0.2 wt% or less to about 1.1 wt% or more of the diester.
As a further e)_(amp'le, the organic phase may comprise from about 0.6 wt% or less to about 1.1
wt% or more of the diester. As an even further example, the organic phase may comprise from
about 0.75 wt% or less to about 1.1 wi% 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
, Vbelow; when_a, n may comprise from about 5 to about 25 and include all possible linear, or n-,
and branched or iso-alky! 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, iscbutyl, or a combination thereof,




provide the organi c phase. The phases may be separated from each other, for ..

f:exahple by gravity separation, by decanting, or. by centrifugal force. The -
~organi c phase may be further Q processed, such as distilled, to provide the
-al'kyl phosphonat e nonoester. The al kyl phosphonate nonoester ‘may be oi

"~ sol'uble and may conprise the structure of fornula (3): CH3 - (CH2)n O\ Pj

(3) RO OH wherein n is about 5 to about 25, including all possible linear,
~branched, or iso-alkyl isomers and wherein Ris selected fromthe group
~consisting of nethyl, ethyl, propyl, isopropyl, n-butyl, t-butyl,

| sobutyl, or any conbination thereof. The al kyl phosphonat e nonoester may
conprise, for exanple, dialkyl alkylphosphonate and/or alkyl phosphonic
acid. The reaction product nmay be of high purity. For exanple, the organic

phase may,gonpyj.se grgghgboutnp—emw&@bmf less to ahputed,l wy% or nore of
t he diester. WB%L “f uct her yexanpl e, th@ Lﬂhﬁfﬂ;phase(ﬁay\WQHprlse from

about 0.6 w % ORol eg%Ribg,}gpout 1.1 ront %’Br erore of the dixgStE€H. As an_ even
further exanple, the @ugani c phase may conprise from about 0.75 Wt % or

|l ess to about 1.1 wt% or nore of the diester. Further, the organic phase
may conprise about 95 wt % or nore of aIkyIphosphonate nonoester. A

- chem cal reaction that describes an enbodi nrent of the present invention is

shown bel ow, Twﬁfaﬁufaaumyaﬂ@mbbﬁﬂnité%mtac&r& %(anﬂygr&éﬁm &C' ude

all possible |inear n- and branched or iso-al oner s :

exanpl e, Motlesmagy at&fﬁﬁ@g@% FRE] o trenkla &rep pecesying avithl 3 hqmrbrﬂsdsse dutdegy/4l] stages
oo EAsBE. DR ey, LSS TR AR Y
@aﬂ-l Cphasg gr—msqalublht)Q Repi@sgiaiwith @ sotig phapt mdiy posetdiefiéin difativan@ges such as
s ~difficulty in handling and lower product yield. A further advantage includes the use of
environmentally 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 littie 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
a process 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.
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'NOH RO OR R OH/ H20 RO NaT ex t'n RO Reflux The manufacture of

~al kyl phosphonate nonoester according to the present invention .includes

many. advant ages, such as trouble free processing with a |iquid phase during
all stages of the reaction. The process according to the present invention
does not require handling a solid phase or insolubility. Processing with a
solid phase nmay pose certain di sadvantages such as difficulty in handling
and | ower product yield. A further advantage includes the use of
environnental |y beni gn conponents and internediates, thus posing |ow risk
to those expoz_,ed_ to .the reaction. Another advantage is that the reaction

i s highly sel d&f F¥ARPle,RwsRransmmtting Su tagtisamples weredeitadasingBHusy Velweitpr esent
process Ifritifh ASSardas b o+, §R ; ' )W 4G hi-gh.yi.el d radyct .
Aot her achay AEealfs (L D DRENARY ted Syt et Moon 133 1 Pt Hndletan

pr ocess edNOonoefgrcomppnnd adinsicrgeraperadyergeithenmburahility avas deinogstiatedHe hunbéume
producti ' r - Ld ' ing fluid, for exanple for use in a
power trg?lsl%&ts ??ﬁ[g&§h%8@ﬁ%fgé8%%£%§%éelﬂ% | PR Sgla‘(yﬁ%?& vB§tops cThigi ng
al kyl phosliptaorstieenrmnbesd einghineal mgtessiawamdyeiy dihe gedressidn RbOEERAt evifent e

pr esent articular, the fl have inprqoved durability

. Yy I >
and/ or n%lgh\( avf!a‘ﬁg F%?’% \?ééhealﬁ??qegtﬁﬁ(bod‘é?ouﬂgm%%@ 28 iffctivein extopdine slpe | s

“t hat thedhnbﬂimbfﬁe'tfh:tdMp@feldeoﬁi&iﬂdid&’oﬂtﬂninFrﬂﬁﬁﬁéQtér. power to the tires) is

| ower ed, and thlfliﬁxéi rr.pr%\éed. Fyrther, initial torque performance may also

be i nproved b{* FREGAHES A dsgording e Bisasensatinyentinn mez dnclyderndlivn hdvintageas

accor di ngddifivesao P98 the@harhfler ' T sphonat e
iflvesdo RG9S theQharthOteridice SLMb¢ 0N SRl WHh rﬁ?ﬁﬂ?{ﬁﬁ%ﬁg %% ‘?‘R‘é’vﬁ’Pﬁrg ent

nonoest er conpound manuf actured according to an e
i@ée nt i off thelovergll valislstperfoimancaanddutlessonamy.i Suchtadditivus teey atiprise ok ct i on

ar at Ugy b o rdd! Sk est at. extendi ng duration of the friction
dur abi | i t’f/angol%lb’;@g\g}vver trangr#%{ﬁenogtanf%tﬁ?rﬂe Pfﬁﬁﬁuffgﬁgﬁ@h BHAUYEARREENB AR c onpound
conpar edantexédapboem antiexidait systeny, £ dondogion QiHibitodiong cerostinGahiBloCYHBLES Par t .

Ther ef or e of .such a.nopoester..conpou wil] allow the forfrulator to
use abo uﬁ‘cgig éoechlgast%]an g%l:' H’SE%ﬁ?‘B% ﬁgﬂ‘ft“’tr‘rlgn‘ﬁgﬂ?fe% dispagant. pdetesgrabhpalyee seal t hose

achi evedswyll agat, @h 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 fiiction
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 oil may coinprise 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
0 ~inan 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 ambunt 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 2 base oil and/or the additive package.
The dituent may be present in any suitable amount in the concentrate. A suitable diluent may

comprise a process oil of ubricating viscosity. Suitable base stocks may be manufactured from

the gas-to-liquid process.



~'a diester (or unhydrol yzed) counterpart conmponent. 8 For exanple, power
trahsmitting fluid test sanples were tested using a Low Velocity Friction
Apparatus ("LVFA') Durability test system (JASO M349). The test sanples - .
i ncl uded a nonoester conpound, a diester conpound, or neither. Durability -
was denonstrated in nunber of hours until the friction coefficient versus
vel ocity conparison showed a negative slope. This data was then anal yzed
usi ng linear regressi.on analysis. The regression coefficient evidenced

that the fluid containing the nonoester conpound was about tw ce as
effective in extending the durability of the fluid conpared to the fluid
containing the diester. A lubricating fluid according to the present

i nvention may include other advantaggpes\pgdi tives to inprove the
characteristics of that fluid, and which ultinmately relate to inprovenent
of the over al 30V &mf directiyd orpdenyinhosphvdate MR IO H,(Ruel 18dgidpvpa May
conpri se, - of, any_.or nane .of an exjreme pressure
agent, an léggéll \"Ki’gr@@g@n‘ i&nag‘%ﬁ{eéﬁl:’ng)lgf) B%Iﬁ‘?&/g?sli(ﬁﬂ“’%ﬁow f5PRdeast e a

cor r osi orthdraiecdsiplaprobs, and e arechmiicanstindti Motk styedtseMtioR waF BRI @ﬁﬁ%é&d}{;@ﬁ or,
an anti-rh&gllto 28 t H?.f(gi ction ;éi er % dispersant, a detergent, a dye,
a seal sSwelm aglgﬁ?, U ongdiortt alge Arfter thednifigl exothepm subsided dhestiredi ndex

| Npr over miatuve wadisdated toAAIHtAIR b fashrefRRT(BYI® 16F . imﬁ%fe g e
conbi nat i onsaéggr whi I(e :‘?}i ct?i’g(ﬁ% nodi |aé?§&r7€y9¥g§giuhgn

gﬁoﬁf0 For iixarrpl_ e, i :
rout i nel Y44 o aBrd diditechyith 269 d; ofheptaper Thectitrad selyfien emthiinpunt  of
fri cti on phemybiit 86idissdiisald $ad B diie Siofig ! ' f each particul ar
appl i cat |Ppn. Further, a_ | ubricat ?ng qu%];—g 3?&%?%’?’%@@%5&5%
@{ﬂe)nt i oIZPERNSISHIringdlE mixtere misis nlewerhto sepdrite intb lqd diyers. The doasaq@ios
ri se 304 20 i o xture of bage oils for . a particular
application. In s orréﬁ%ggg%c%eak g’ bg ‘”P}?g 5 reactifn ﬁ?ﬁlfvé'#’f:ioﬁg?} iclaysrin thedlaskay be
pr ovi dedwas separateidivih theesopenkingenconn Aeviliaad25-28 e ey LPRIGPNARAL Bquid
nonoest er ' n aqditjve. in an additive package. In pal‘?l cul ar,
etoRE PG S sl
an addi t IFEUBAtkage f0° anI5atRd Eridps s Bqurkyt qut of the flaske roduet waigheda MTF,
or a CVT263.2igdo9BY% r6asBiy) SR pave BF heatliae RIS pi W nonay e
nonoest er made accor.di n% to gtahe pr essed!nt ?nv Eﬁogn-m%htéé‘% ec |H\(/ﬁ aer?ga%t may
conprise an An Inductively Coupled Plasma (“ICP”) analysis showed favorable agreement between
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 #-hexylamine solvent system. In Figure 2, CB.NMR

O

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 CDCL. These ﬁgu;es 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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anount suitable to provide enhanced anti-shudder ‘properties ‘and/ or i nproved
_:frlctlon durability. Further,. some enbodlnents of the present invention '
may conprise a-diluent, e.g., a diluent oil. A diluent may be included to

ease bl endi ng,. qub|I|2|ng, and . transportlng the additive package. The

©di l'uent may be conpatible with a base oil "and/or .the additive package. The
di'luent may. be present in any suitable anount in the concentrate. A

suitable diluent may conprise a process oil ~of |ubricating viscosity. _
Sui t abl e base stocks may be manufact ured fron1'the gas-to-liquid process. 9
EXAMPLE 38 %8 Rﬁélnethyl oct adecyl phosphonate (DMOP), 172 g H2O, ‘and 184 g
n- propyl &2l PENS ARY gredof Fesicted so fhespecificrmbpdiroentases forfl destioalgtiepped

‘Wi th a capdeneed that s :g?é&ﬁ%hﬁ)o@i'h%%ar@ﬁtﬂ h&g{aﬂs& ﬁ'xlnft% d§§,é;{uoﬁ %ut ° ”" >

stirred solution was added 44 i um

at 700 C.coplpargsthe H’éefitﬁrltl?r 9l COEWCﬁlmﬁdtﬁQﬂlﬁbm, deldyaleme asdl altmatxvesrfaklﬁng\e;th‘vas
heated t (87 O for 3 hours. The cl ear deep yel |l ow
solutlonqmaghﬁ%%%?% %%?&s ﬁdlluted with 260 nl. of heptane. The stirred
sol ution containing. phosphonlc acid sodiumsalt was acidified (pH=3 -3.5)
wth 20% H2SO4. After 5 min of wvigorous stirring the m xture was al | owed
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 sol vent by vacuumdistillation (25-28 mm Hg)
to |l 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 analytical and spectroscopic data shown in Figures 1-3. An

| nductively Coupled Plasma ("1 CP") analysis showed favorabl e agreenent
Refween cal cul at ed phosphorus content and percentage deternined 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

determ 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 val ue supports the resulting high | evel of

H



- product purity. A quantitative determination of inpurities was carried out .

by ‘P31-NMR that invol ved spi ki ng experinment's using authentic sanples. In .
¢ Figure 1, P31-NWR spectrum of oct adecyl phosphoni c acid mononet hyl ester
illustrates peaks of the conponent in a CDC13 and n-hexyl am ne sol vent.
system In Figure 2, C13-NVR spectrum of octadecyl phosphoni ¢ aci d
nononet hyl ester |IIustrat es peaks of the conmponent in CDCl13. In Figure 3, ',
H-NVR (or proton NVR) spectrum of octadecyl phosphoni ¢ aci d nononet hyl ester
i | lustrapgarpgaks of the conponent in CDC13. These figures show that the
anount of |rrpur|ty in the product may be up to about 10% In particular,
the product may ‘contain about 0.25% di nethyl octadecyl phosphonate di ester ‘
(DMOP) and/or about 0.6%fully hydrolyzed dimethyl phosphonate diester.
Whi |l e the present .di scl gsure has been described in some detail by way of
i |1 ustrati GhPTRFFs ‘E)!’%‘Wb‘f"é““’iﬂg ag pkyIphosphonate soppestad, dohgrisinke enbodi nents are

suscepti bI et 0.a d al ter dve for and are not
restricted togfdhlgﬂ%ﬂ}e&é?l rﬁ)%%bl%gﬁ%ogg‘se B‘Pfltt}hanqqﬁaﬁl%‘éﬂﬂpﬁmﬁnalﬁ’iﬂerst ood
that t he§‘évgﬁ&pﬁoﬁ'@p elrrﬁardpmmtsreaarsi wilereii theefivdedb] tent ddnifrised H@ixdtié @fhh ON
but, on theh1%RMWaRLY, the intention is to cover all nodifications,

equi val ents, "and a ernatives falli ng wwthin the spirit and scope of the

i nvention. 0 dmltmglhﬁeécthﬁmﬁmrd\whha@mdﬁﬁﬁreﬂm@yxfo&%%b@nﬁ hase, wherein
al kyl phoaghgnat e lm)r}\&o agﬁaggrl sing: partiall y hydr ol yzi ng an aihﬁ f
phosphonat € wfind Splxpn FW“&‘?’? IWﬁ%O%BﬂﬁbWﬂﬂllPﬁO&elﬁ rst  sol vent to
provide a reaadidiffingihsiéicton ARGuBRAMHSInhcid Gk

xture OL};’@R pﬁl cohol and water; dilut |cng thgiﬁg?ﬁa}gﬁrﬂr}]&%ﬁﬁﬁ%&e\%
{m}ond sBikyighesphenals moperstean or gani ¢ phase, wherein

2. The process of claim 1, wherein diluting the reaction mixture with the second solvent provides

a two-phased liquid mixture including the organic phase and an aqueous phase.

3. The process of claim 2, further comprising:
separating the organic phase from the aqueous phase and

removing the second solvent.

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

alkylphosphonate monoester.

o)

5. The process of claim 1, wherein the organic phase comprises from about 0.2 wt% 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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t he- second sol vent conprises at | east one non-pol ar organi c sol vent;
~acidifying the reaction mxture wth an acid, wherein the organic phase
i ncludes. an al kyl phosphonat e nonoester. 2. The process of claim1,
wherein diluting the reaction mxture with the second sol vent provides a
t wo- phased liquid m xture including the organic phase and an agueous phase.
3. The process of claim?2, further conprising: separating the organic phase
fromthe aqueous phase and renoving the second solvent. 4. The process of
claiml1, further conprising distilling the organic phase to provide the
al kyl pho$pihBaatascysp slaimdy whepeinthrngy prlersugatic solednheamprisheend or inpre ofrgani ¢
phase co I : ) I 0 re_of the
di ester. gg{ah('sfﬁazh%:aggaelglggg%d%Iegﬁeyﬁ\fd%%\%ﬁ%a?%@#d??%ﬁgﬁ’;%n%rgl%%#als@éﬂé%a%"? Ses
about 95 cxeloglsanayandimixihicy theteoEphonat e nonoester. 7. The process of claim
1, wherein the non-polar organic solvent conprises one or nore of :
synthetic oils, mneral oils, or mxtures thereof. 12 8. 'Be process of
cl ai m 1, 9wiibke piokcsstod chan 1 pwhaein pagiaily bydrolyeRigitheaIRFPhe QhoMRe dREteFBSBpdes an
al kane, a Ijﬁegr ether, a.c cﬁi c, et hecE_, a hal otgﬂ%nat ed hydrocarbon, an
aromat i ¢ PAVAFS E3HRGF™. "(J,]%P osPhoriate dicster ippravifleaamenossteorlt 9. The process
of claim1, wherein partially hydrolyzing the al kyl phosphonate diester
conpri se rtially h}/drol yzing an al kyl phosphonate diester to provide a
monoest ef Vs 4h¢ prgessplglayp d e whereig thegleghel qompyinss & law makeclpcwpight desholi ses a
| ow ol ecul ar wei ght al cohol. 11. The process of claim1l, wherein the
“iiTl}:OhO| is mscible wwth water at reflux tenperatures. 12. The process of
clai m |, liwhediracashef daivohothemimtpe alvebolds missidde wish svati atweflivateppersitleanol |
propanol , isopropanol, n-butanol, t-butanol, pentanol, iso and branched
i somers thereof, and . ,

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 sodinm hydroxide; potéssium hydroxide, magnesium

hydroxide, calcium hydroxide, barium hydrokide, and or zinc 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 écid, 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 I in

‘an automotive transmission fluid, wherein the automotive transmission fluid comprises any one

13



m xtures thereof 13. The process of claim 1, wherein the ratio of water to -
-~ al-cohol is fromabout 1:10-to about 10:1 in weight percent of water to

wei ght percent of alcohol in the solvent m xture. 14. The process of claim

1, 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 claim1, wherein the alkaline netal conpound or alkaline earth

nmetal conpound conprises at |east one of sodi'um hydroxi de, potassium
hydr oxi de, magnesi um hydroxi de, cal ci um hydroxi de, barium hydroxi de, and
or zinc hydroxide. 16. The process of claim1l, wherein the acid conprises . -
at | east ofaeagbmatigiransmadsiondludd, aanamal fasilssiondwid) or @c&hﬁﬁ@ﬁﬂ%b&iﬁﬁg d, a
phosphorq}éﬁsﬂgﬁgigﬁ & hydrochloric acid, a nitric acid, a perchloric acid, a
sul furic aci d, g?g‘r a mxture thereof. 17. Use of the al kyl phosphonate
nonoest er manufactured according to the process of claiml in anautonotive
transm Sj%ogl fluid, V\,rgrei n the autonotive transmission fluid conprises any
one 13 df- &iic 8Lt akyiphosnbapatsmespester manpfactuzed pepriding to theamesss ofcléiul o, or

a cont i NSk trM@isaiohdluid, WHISMH 888N Iritshrissitd- i i
al kyl phosphonat e_ nonoest er manuf actpgr ed accor ?r%ﬁ?‘g)t ngggfgéné)é%%eooffabfﬁ%i m I

in " a pordnang anaddiies heretm the additirreosipmisehempdure of orecanranore if an ekdrerhel
CoNpPri seg als X Sn Wit i RARY erein the addjtive
conpr i se?r a mxture o tl‘g%agg%%"rfaglrégtlgﬂggﬁ%%??%Wé‘dea%trs\gggﬂr B CqgRien ingfutor
ant i wear ongesrosicannkibitoreystemns metal deactinaton i slaiiusSatehe Bri@ichaho ASbOR

rosion, i nhi bjtor stem a.netal deactivator, an

i nhi bi t oy, C S , . an
“anti-rusf 135%%%?’,3 éé%{efﬁn taidgﬁ’ S Weélra,éé’ét’ agndhsfoam agent, asyicmgeridscositdye, a
feal swelddengepioverpivisetsity hioaifieA 38 funi® ot ebbARARNMnd A4 \éhﬁébgék&xbmétfb%?x
I'fipr.over,, a }u scosity nodifier, a perfune or odor mas{, and any suitable
conbi nat fh(‘}FFé’ thereof. 19. A lubricant conprising the al kyl phosphonat e
nonoest er manufactured according to the process of claim1l. :

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

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);

¢ D
™~

wherein, in formula (1), n is about 5 to about 25 including all passible 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;

14



20. An al kyl phosphonat e nonoester 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 fornula (1) with _
sufficient alkaline netal conpound or alkaline earth netal conpound and a
solvent m xture conprising alcohol and water to provide a salt of formula
(2); ~8. CH3 - (CH2)n O RO OR wherein, in formula (1), n is about 5 to
about 25 including all possible |inear, branched, or iso-alkyl isoners and
- wherein each-R is independently selected fromthe group consisting of
~nmethyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl, or any

conmbi nation thereof; 14 CH3 - (CH2)n O P/ OW (2) RO wherein, in
formula (2), nis. about 5 to about 25 including all possible Iinear,
branched, or iso-alkyl isoners, wherein Ris selected fromthe group
consisting of nethyl, ethyl, propyl, isopropyl, n-butyl, t-butyl,

i sobutyl, or any @@nhL@@ﬁ5on t her@of , and wherein Wis an al kaline netal

or an al kal i ne earth netéP}‘add%ﬁg sufficient acid to the reaction product
of formula (2) to produce an SLLIyIphosphonate nnnogifer of formula (3),
CH3 (CH O3 2n ~ (3 RQL wher@iwi+n i s about 5 to™about 25, including
“all possible linear, branched, or iso-alkyl

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,
Q’ 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),

O
7/ ©)
~

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-

CE 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 spmers, wherein Ris selected fromthe group conprising nethyl, ethyl,
propyl, isopropyl, n- butyl, t-butyl, isobutyl, or any conbination thereof.

" 22. The process of claim21, wherein the al cohol conprises at |east one of

met-hanol , et hanol, propanol, isopropanol, n-butanol, t-butanol, pentanol,

i so and branched isoners thereof, and/or mxtures thereof. 23. The process
of claim?21, wherein the ratio of water to alcohol is fromabout 1:10 to
about 10:1 in weight percent of water to wei ght percent of alcohol in the
solvent m xture. 24. The process of claim?2l, wherein the ratio of water to
al cohol is about 1:1.1 in wei ght percent of water to weight percent of

al cohol in the sol vent m xture. The process of_claim 21, wherein n
conpr i sed>abhsurrocess ekrlaiButh %‘e‘%cowebﬁm&t"(ﬁ OB{ 2} m 21, wherein the

al kaline nmetal conpound or alkaline earth netal conpound conprises at -

‘"l east one of sodium hydroxide, potassium hydroxide, nmagnesium hydroxide,-

cal ci um Hﬁdﬂb&pmessbéﬁiamhmn&@ allealigie sictal compyd op rikaline earth mefd pr ocess
of claimaj qﬂ\@%mpﬁﬁés% A%l dhe spgsgmrﬁ ﬁg?]@&ldk g;g;gatma&wzox@demna lunftci d, a

carboxylic osp oric acl us acrd uric aci d a
nitric abydroxile, Wtdumdhddmmde detium lafdrféirlféqalab@ pezige hydrozid/ or a mi xture
thereof. 28. The process of claim 21, wherein the alkyl phosphonate
monoest er conprises a dial kyl phosphonate and/or a al kyl phosphonic acid.
29. Use gf. mfﬁo@b&yﬂ@hﬁ&lhmeﬁeﬁltﬂamﬁeebmpnmlatﬂfeMbwdthmwmﬂ aeidgp t o t he

process of claim2l in n.aut pno trans n fl. in the
onot i %b?’fyi'ﬁé‘ﬁidsgpbwp L5 ‘H’“ﬂﬁ 9qp 8@“6?%‘(3! cﬁﬂacﬂﬁi c?clt(fgnsm' ssi on

- .w d, ah wﬁ&némwwem&ﬁaudumwomm&uﬁ@mdréwousI y variable transnission

fi"'ui d. Use of the al kyl phosphonate nonoester manufactured according to
t he process of claim21 in a power transm ssion fluid, wherein the power

transm S dJé&!egs SEUTRE RS nbrel did h'l'icﬁllpg sg?o@ﬂéﬁlon&is{er @&Q}fn‘?s@s addityjive,

vvherein Itrve COI’TpI’fSGS a m xt one or nore of an extrene
phosphonatc 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 flmd.

30. Use of the alkylphosphonate monoester manufactured according to the process of claim 21 in

x% - 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 agcﬁt, 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.

16



“pressure agent, an antiwear agent, an antioxidant or an antioxi dant system. .
....a corrosion .inhibitor or a corrosion inhibitor system a netal : o

~.deactivator, an anti-rust agent, a friction nodifier, a dispersant, a . ="

~ detergent, a dye, a seal swell agent, an anti-foam agent, a surfactant, a

“visctosity index inprover, a viscosity nodifier, a perfume or odor mask,
and any suitable conbinations thereof. 31. A.lubricant conprising the
al.kyl phosphonat e nmonoest er manufactured according to the process of claim
21. 16 32. An al kyl phosphonat e nonoester nmanufactured according to the
process of claim2l1. 33. A nethod of inproving the friction durability
and/ or the anti-shudder performance of a power transmtting fluid,

conpri si ' to.,a power transmtting fluid an_al kyl phosphonat e
nonoest e?’ gnﬁg@% ﬁ?pgamg?/“’gn?ﬁsgeég?gu%’{i i ASFgng futhe PEIcess fyvdimidlzi ng an
al kyl phosphate diester with an al kaline conpound in a first solvent to
provi de g r acH%on ) xture, and wherein the first solvent conprises a

m xture df- arcthpd ghigipraying the daction durability gnd/prhe anttshuddertiexfounancgiofh a
second sgbweinkarsRitBh®AhidecaiprRiHgal | vent
conpriseg at | east d%e noﬁggzlar o?%%ﬁ??iggfﬁgﬁ??@ﬁﬁ%@??ﬁ%g Bﬁ@aggggFion
m xt ur e WonAesisr manufpctuipdehed proedse compramiigs phase i ncl udes an

al kyl phosphongj, Lt forp a power transm.ssion fluid,
comor | si ng:  apSpPERRRTy e an ol ikor Bl R ANEE pomBRaRar 5 o

manuf act seleentiby pwviskeagestion oiixtpre] sidnghergiatiid fikd splvepoflpyises Wmdfuidlof h
phosphongltcghoqi eé'gvge with an al kaline conpound in a first solvent to

provi de a reaction i xture, and wherein the first sol vent conprises a

@ xture of adilainpahoteaivn nimtues witH hlstlondSolvaR 16 H36HE AR offakicPhbsViwibreth

sécond s&l vent tovprovi de. an orglani c phase, .
e second solvent comprises at least one non-polar organic solvent;

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

alkylﬁhosphonate 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 alcchol and water; |

| (\ . diluting the reaction_ mixture with a second solvent to provide an organic phase,
""" f ~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 transmitﬁ'ng fluid comprising a major amount of a base oil and an effective amount
of an alkylphosphonate mionoester 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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~wherein the second sol vent conprises at |east one non-polar ‘aorganic

sol vent; acidifying the reaction mxture -wth anacid, mhereln the organic . .

. phase includes .an alkylphosphonate monoester. 35. A power ‘transmtting
fluid conprising a major anpbunt of a base oil -and an effective anpunt of
an -al kyl phosphonat e nonoester manufactured by a process conprising: '
partially hydrolyzing an alkyl phosphonate diester with an alkaline- ‘
conmpound in a first solvent to provide a reaction mxture, and wherein the
first solvent conprises a mxture of an alcohol ‘and water; "17 diluting the -
‘reaction mixture with a second solvent to provide an organi ¢ phase,

~wherein the s ec on dddwingahe rea@tmnrrmseme with heaonhd evlecmnt darnplpoidalan@rmm phase,

sol vent ; n action with.an acid, wherein the organic
Shase i h e‘ﬁ‘%* (o ol 5 Ao A e e oo g solVea
ac1d1fymg the reaction mixture with an acid, wherein the organic phase includes

“an alkylphoSphon:;_lte-T monoester.

O
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