PROCESS FOR PRCODUCI NG ZI NC DI ALKYLDI THI OPHOSPHATES EXHI Bl TI NG | MPROVED
SEAL COVPATI BI LI TY PROPERTI ES TECHNI CAL FI ELD OF THE | NVENTI ON [ 0001] The
present invention is in the field of engine and transm ssion oil packages.
Specifically, the present invention provides a nethod for synthesizing zinc
di al kyl di t FROCGESS FORBRODRCING ZINCDIALKY hDIXHIOPHOSRHWEES BEXHIBITING npar ed
to the zinc dial kyl dIMPROMEDSSEAL EOMRATIBH_IDY PRORERTIEBACKGROUND OF THE

| NVENTI ON [ 0002] Presently in the field of engine and transm ssion oil
packages, seal conpatibility is an issue that fornulators nust consider in
order to produce an acceptable product. As an engine oil package is a

bl end of several conponemBECHNIGAh FIBLD €H TdE WAVENTIKOMAVant ages and

di sadvantages to the blend, a forrmulator is limted in his ability to

conbi ne c480@1jh conpieepresentfintdrtion is dmien @sldsofdendits andl fiegismesin oibt her s
respective limtations. For instance, many dispersants offer seal

conpat i bi Ipatkagesr @pecifically, the présnbineastionlpousdey a nicitegidodsyiissiaitft Anclo not
possess the sane | evel of dispersing characteristics as non-seal

conpat i bl eliakypihicphosshatéEhibaeé et imipfoeealeal canpetiviibi tdrpared apeetzigs can be
I mbued into the blend via another conponent, the fornulator may then use a
nor e aggr elkwdithitipkpsptatest ofdindpriidrarieby achi eve an  engine or transm ssion
oi | package offering superior performance over the prior |lubricating oil
packages. [0003] It is a goal of the present invention to produce a seal
friendly zinc dialkyldithi ophosphate (ZDDP) so as to enable a fornulator
to use nore aggressive diBAEBKGROUND OFtTHE INVENTIONat i ons as t he seal
friendly dispersants previously enployed have di m nished di spersing

charact eri[8002]s by ceezEmty I9nhe [iBR0] erddging’ bV tahshidsioRr GISpadkages Cde@pur e or

t hrough practice of the present
compatibility is an issue that formulators must consider in order to produce an
acceptable product. As an engine oil package is a blend of several components, each
offering various édvantages and disadvantages to the blend, a formulator is limited in
his ability to combine certain components if those components do not offset each
others respective limitations. For instance, many dispersants offer seal compatibility
properties to the blend, however, these dispersants do not possess the same level of
dispersing characteristics as non-seal compatible dispersants. Therefore, if seal
compatibility properties can be imbued into the blend via another component, the
formulator may then use a more aggressive dispersant and thereby achieve an
engine or transmission oil package offering superior performance over the prior
lubricating oil packages.
[0003] It is a goal of the present invention to produce a seal friendly zinc
dialkyldithiophosphate (ZDDP) so as to enable a formulator to use more aggressive
dispersants in their formulations as the seal friendly dispersants previously employed
have diminished dispersing characteristics by comparison.
[0004] In view of the present disclosure or through practice of the present

invention, other advantages may become apparent.



I nvention, other advantages may becone apparent. 1 SUMVARY OF THE

EMBODI MENTS [ 0005] In general terns, in one enbodi nent herein is presented
a method for producing a thioacid and the thioacid so produced. [0006] The
present invention provides a nethod for producing a thioacid wuseful in the
production of zinc dialkyldithi ophosphate. The nethod conprises the steps
of: (a) initiating a reaction by introducing a m xture of P205 and P2S5 to
a solution conprising at SYMMARNEORTHE EMBOMMENTIDI nol and i sopropyl

al cohol; (b) maintaining the reaction in a tenperature range while addi ng

the mi xt ur[@005] P205 |ar@ne@PEBoms,antdhe edfdodinhet heip s Feshidteh Mdthddsfebut vl
carbi nol and isopropyl alcohol so as to forma slurry; (c) diluting the

slurry by modliorgy athicediti didihaknicaornés prodoed. he sol ution conprising net hyl
I sobutyl carbinol and isopropyl alcohol so as to forma dilute slurry

whi | e nai [0606] Ng t hedplegkRt Fivbihtion brovidee 4 eRRBEAKGH Brodasies; a AMeadidl)
mai ntaining the dilute slurry in the tenperature in the range so as to

form the tldenmet the pRRAOAON &F Afe dRIGREhIBERIsphBR. SPh! FricibdCedirises e Met hy|
i sobutyl carbinol and isopropyl alcohol is agitated when the m xture of

P205 and Resgs bf (apdefhting i redResm oy infearingestmikiiee IR0k Gindop,sTebhy |

I sobutyl carbinol and isopropyl alcohol is initially at a tenperature in

the range sefutibhogaraiiiig 28Geds? MBOYE i9BGy ARRSINRT and HRRSHT dgnbangs can

extend from about 86C to about 96C. [0008] The aforenentioned net hod nmay

opti onal | yngigEMingBetrbgctRAh hitanpéraiupé RvgefwHils %Idaﬁg Mge Fid@ureltf Peol andy
filtering said dilute slurry. [0009] In another enbodi mnent the m xture of

P205 and RESHtCHBROILSOS coMbriging WRtENsoh@f darbihdl @Y ¥RrpyBaicéiRl 88ayito 400
parts P2S5 to about 1 part P205. In yet another enbodinment, the m xture of
P205 and Kb aciney;i (8P8iutifg the WRING By B@SHE an additional quantity of the solution
comprising methyl isobutyl carbinol and isopropyl alcohol so as to form a dilute sturry
while maintaining the dilute slurry in the temperature range; and (d) maintaining the
dilute slurry in the temperature in the range so as to form the thioacid.
[0007] In one embodiment the solution comprising methyl isobutyl carbinol
and isopropyt alcohol is agitated when the mixture of P,Os and P.Ss is added. In
another embodiment the solution of methy! isobutyl carbinol and isopropyt alcohol is
initially at a temperature in the range of from about 58°C to about 68°C. Anocther
temperature range can extend from about 86°C to about 96°C.
[0008] The aforementioned method may optionally comprise the additional
step of isolating the thioacid by filtering said dilute slurry.
[0009] in another embodiment the mixture of P05 and P,Ss comprises, on a
weight basis, from about 35 to about 400 parts P,Ss to about 1 part P,Os. In yet
another embodiment, the mixture of P,Os and P,S5 comprises, on a weight basis,
from about 56 to about 205 parts P,Ss to about 1 part P,Os.

[0010] In one embodiment, a catalyst is used to facilitate the reaction. In

another embodiment, caprolactam is used as a catalyst for the reaction.



from about 56 to about 205 parts P2S5 to about 1 part P205. [0010] In one
enbodi nent, a catalyst is used to facilitate the reaction. In another
enbodi ment, caprolactamis used as a catalyst for the reaction. 2 [0011]
The sol ution conprising nethyl isobutyl carbinol and isopropyl alcohol can

be an equifo®Hr sol OtHeosolkitioh hasapiging anethi/s isobWBa 2ardinel phdsieoprapyvent i on
I ncl udes the thioacids produced in accordance with the above stated

met hod. [%oﬂonwﬁb@rﬁég&.mdwﬁémuwh 8f hsé RehiidReney 2l ternative method
for producing a thioacid useful 1n the productlon of zinc
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reaction in a rang eg{? ontlnumgto add the P2S5 to the
first sol &8 35“8 %ﬂlg‘ §’F diluting the slurry by adding
an additional quantity of the first sol utlon so as to forma dilute slurry
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mai ntaining the dilute slurry in the tenperature range so as to formthe

t hi oaci d. prodicdhg Ia thieacidsuisefol i theapradietibnrat zinol diakgidithephgspladgted as t he
P2S5 is added. It is also possible that the first solutionis initially at
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diluting the slurry by adding an additional quantity of the first solution so as to
form a dilute slurry while maintaining the dilute slurry in the temperature range;
and (d) maintaining the dilute slurry in the temperature range so as to form the
thioacid.
[0014] It is desirable that the first solution is agitated as the P,Ss is
added. It is also possible that the first solution is initially at a temperature in the
range of from about 58°C to about 68°C. Another temperature range can
extend from about 86°C to about 96°C.
[0015] The first solution can, in one embodiment, be formed, on a
weight basis, by a method comprising the steps of: (a) creating a mixture
comprising from about 35 parts to about 260 parts of methyl iscbutyl carbinol
to about 1 part P,Os; and (b) forming the first solution by adding 1 part
isopropyl alcohol to from about 1.50 to about 1.90 parts of the mixture. In
another embodiment the first solution can be formed, on a weight basis, by a
method comprising the steps of: (a) creating a mixture comprising from about

53 parts to about 194 parts of methyl isobutyl carbinol to about 1 part P.Os;



| sopropyl al cohol to fromabout 1.50 to about 1.90 parts of the m xture. In
anot her enbodi nent the first solution can be fornmed, on a weight basis, by
a nethod conprising the steps of: (a) creating a m xture conprising from
about 53 parts to about 194 parts of nethyl isobutyl carbinol to about 1

part P205andafhd folmingotha figt tsadution” By idling iMopaiVis@sidbpaltonar fo freapr opy !
al cohol to from about 1.70 to about 1.74 parts of the m xture. [0016] The
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isolating the thioacid by filtering said dilute slurry. [0017] In one
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reaction mxture so as to renove any solid particles; and (h) diluting the
reaction pradudiige Wt hzipcoc eidkgdithibpRoSghater odokitiog t BempriBhg  zinc
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dialkyldithiophosphate. This method comprises the steps of: (a) providing a
thioacid; (b) sparging the thioacid with nitrogen until the thioacid tests negative
for HoS with lead acetate paper; (c) neutralizing the thioacid by dosing the
thioacid into a zinc oxide slurry at a temperature within a first temperature
range so as to form a reaction mixture; (d) maintaining the reaction mixture in
a second temperature range while adding the thioacid; (e) holding the reaction
mixture in the second temperature range for at least 45 minutes after adding
- the thioacid; (f) vacuum stripping the reaction mixture; (g) filtering the reaction
mixture so as to remove any solid particles; and (h) diluting the reaction
mixture with process oil thereby producing the zinc dialkyldithiophosphate
solution.

[0020] It is desirable that the first temperature is a temperature in the
range of from about 50°C to about 70°C. Further, it is desirable that the
second temperature range extend from about 78°C to about 88°C.

[0021] In one embodiment, the zinc oxide slurry is formed, on a weight

basis, by a method comprising the step of: adding 1 part of zinc oxide to from



solution. [0020] It is desirable that the first tenperature is a
tenperature in the range of from about 50C to about 70C. Further, it is
desirable that the second tenperature range extend from about 78C to about
88C. [0021] In one enbodinent, the zinc oxide slurry is formed, on a weight

basi s, by abouetilibgagenprabsund.3 bartstofprotessadilisbtasl tdfirin e ZinBoxaké de to
from4 about 1.0 parts to about 1.3 parts of process oil so as to formthe
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formed, on a” weight basis, by a nethod conprising the step o ng 1

part of zi | f b . r 1 arts of process
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the present i nventi for produci ng .a . solution of zinc
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by introducing a mxture O P205 and P2S5 to a solution conprising nmnethyl

i sobutyl EHIGP¥d® SBWY-i sopropyl al cohol ; (b) maintaining the reaction in a
tenperature range while adding the m xture conprising P205 and P2S5 to said
sol uti on §902@3t hyl iAsoblieativarrhethold efthe pogseopmveritionhfol odasinga f orm a
slurry; (c) diluting the slurry by adding an additional quantity of the

sol ution seiiphi & Zigc RAIRYIHIthispRoSpHate BoMpiMesaih $t8pRAPYE) inltBRgla so as
to forma dilute slurry while maintaining the dilute slurry in the
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S0 as 1o ]:ceor%geﬁattrjreea%niggnwlgﬂexégéig(ig tl(ng )mixture comprising P.Os and P,S5 to said
solution of methyl isobutyl carbinol and isopropyl alcohol so as fo form a slurry;
(c) diluting the slurry by adding an additional quantity of the solution
comprising methyl isobutyl carbinol and isopropyl alcohol so as to form a dilute
slurry while maintaining the dilute slumry in the temperature range; (d)
maintaining the dilute slurry in the temperature range so as to form the
thioacid,; (e) sparging the thioacid with nitrogen until the thioacid tests negative
for H2S with lead acetate paper; (f) neutralizing the thioacid by dosing the
thioacid into a zinc oxide slurry so as to form a reaction mixture; (g)
maintaining the reaction mixture in a second temperature range while adding
the thioacid; (h) holding the reaction mixiure in the second temperature range
for at least 45 minutes after adding the thioacid; (i) vacuum stripping the
reaction mixture; (j) optionally filtering the reaction mixture so as to remove any

solid particles; and (k) optionally diluting the reaction mixture with process oil

thereby producing the zinc dialkyldithiophosphate solution.



mai ntai ning the reaction mxture in a second tenperature range while addi ng
the thioacid; (h) holding the reaction mxture in the second tenperature
range for at least 45 minutes after adding the thioacid; (i) vacuum
stripping the reaction mxture; 0) optionally filtering the reaction

m xture sq0823} o rerbvie deyiratdel titht ptid | Wigkin aingricing piretinal Ispbdiyi ut i ng
the reaction mxture with process oil thereby producing the zinc
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conpri sing nethyl isobut car bi nol™ and 1 sopropyl alcohol” is agitated as
the m xtur i e R i . Pr re t he
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initially at,.a tenperature in the range qof from about 58 C to out 68' C.
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Finally, it is desirable that the second tenperature range is from about

78' C to alihout 88°¢ to otk P8°the Anplheas femperidte rangsoeemaytesgtram abopt

conprise the additional step of isolating the thioacid by filtering said
dil ute sl §6°C. to[alEE96PG. drimalyyitdsidesirablefthahthea$econtetenimeratireeahgal t he
m xture of P205 and P2S5 conprises, on a weight basis, fromabout 35 to

about 400 ipaohsabMAIBCorodbout 8&8°@art P205. Alternatively, in the
af orenenti oned nmethod the mxture OF P205 and P2S5 conprises, on a wei ght

basi s, frqopaput SErHe ﬁﬁ%enm&%b&dﬁz%a 0 d?ﬁi%k\ﬁll} & riggo'lﬁ?%[ 0026]

I'n one enbodinent, a catalyst is used to facilfrtate e reaction. 11
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' sopropyl [Bbfﬁh ol Ceirrll ol?'tee gnng umieql? Io?tthes gll‘olf'ctarin%nq'tioned method the mixture of
P2Os and P,Ss comprises, on a weight basis, from about 35 to about 400 parts
P2S5 to about 1 part P,Os.  Alternatively, in the aforementioned method the
mixture of P,Os and P2S5 comprises, on a weight basis, from about 56 to about

205 parts P;S;5 to about 1 part P,Os.

[0026] In one embodiment, a catalyst is used to facilitate the reaction. In
another embodiment, caprolactam is used as a catalyst for the reaction.

[0027] Also, the solution comprising methyl isobutyl carbinol and
isopropyl alcohol can be an equimolar solution.

[0028] Additionally, it is desirable that the zinc oxide slurry is formed, on
a weight basis, by a method comprising the step of: (a) adding 1 part of zinc
oxide to from about 1.0 parts to about 1.3 parts of process oil so as to form the
zinc oxide slurry. In one embodiment, the zinc oxide slurry is formed, on a
weight basis, by a method comprising the step of: (a) adding 1 part of zinc
oxide to from about 1.10 parts to about 1.16 parts of process oil so as to form

the zinc oxide slurry.



[0028] Additionally, it is desirable that the zinc oxide slurry is formned,
on a weight basis, by a nethod conprising the step of: (a) adding 1 part
of zinc oxide to fromabout 1.0 parts to about 1.3 parts of process oil so
as to formthe =zinc oxide slurry. In one enbodinent, the zinc oxide slurry

is formed[0029R weighsedmri SaltehYatﬁrenﬁﬁ@%dC@lﬂpfhélﬁk@séﬁﬁ ifvERioN fof @)
adding 1 part of zinc oxide to fromabout 1.10 parts to about 1.16 parts
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with |l ead acetate paper; (f) neutralizing the thioacid by dosing the
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an initial temperature range so as to form a reaction mixture; (g) maintaining

the reaction mixture in a second temperature range while adding the thioacid;
(h) holding the reaction mixture in the second temperature range for at least 45
minutes after adding the thioacid; (i) optionally vacuum stripping the reaction
mixture; (j) optionally filtering the reaction mixture so as to remove any solid
particles; and (k) optionally diluting the reaction mixiure with process oil
thereby producing the zinc dialkyldithiophosphate solution.

[0030] It is desirable that the first solution is agitated as the P,Ss is added to it.
In one embodiment the first solution is initially at a temperature in the range of from
about 58°C to about 68°C. It is further desirable that the temperature range extends
from about 86°C to about 96°C. In another embodiment, the second temperature
range is from about 78°C to about 88°C.

[0031] In one embodiment, a catalyst is used to facilitate the reaction. In
another embodiment, caprolactam is used as a catalyst for the reaction.

[0032] It is desirable that the first solution in the aforementioned method

is formed, on a weight basis, by a method comprising the steps of: (a) creating



[0030] It is desirable that the first solution is agitated as the P2S5 is
added to it. In one enbodinent the first solution is initially at a
tenperature in the range of from about 58 Cto about 68 C It is further
desirable that the tenperature range extends from about 860C to about

96' C. I n anpitare esb dsin‘?rﬁom bb@usssngaﬁ_stt@@n@uﬁtw @art D1 9eth§l isbBIlyRDOUL
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conprising the steps of: (a) creating a m xture conprising fromabout 53

parts to @dopartddd ghaut $94fpartt by meitisdisdhyltylcearbinoblto aboabdudarl @t P205;
and (b) formng the first solution by adding 1 part isopropyl alcohol to
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af orenenti oned ‘et hod may optionally conprise the "additional step of
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[0034] In one embodiment, the zinc oxide slurry is formed, on a weight

basis, by a method comprising the step of: {a) adding 1 part of zinc oxide to

from about 1.0 parts to about 1.3 parts of process oil so as to form the zinc

oxide slurry. In another embodiment, the zinc oxide slurry is formed, on a

weight basis, by a method comprising the step of. (a) adding 1 part of zinc

oxide to from about 1.10 parts to about 1.16 parts of process oil so as to form

the zinc oxide slurry.

[0035] Irrespective of which method of the present invention is used for

producing a solution of zinc dialkyldithiophosphate, the present invention also

includes (a) the zinc dialkyldithiophosphate produced; (b) oil additive packages

comprising the zinc dialkyldithiophosphate so produced; (c) lubricating oils

comprising the zinc dialkyldithiophosphate so produced; (d) engines and/or

transmissions lubricated with Ilubricating oils comprising the zinc

dialkyldithiophosphate so produced; and (e) diesel and gasoline auto and truck



oxide to fromabout 1.10 parts to about 1.16 parts of process oil so as to
form the zinc oxide slurry. [0035] Irrespective of which nmethod of the
present invention is used for producing a solution of zinc

di al kyl di t hi ophosphate, the present invention also includes (a) the zinc

di al kyl di EemgoEsoapiiar drarsonissieds ddmprising akdeli ziny eliglkyditiophospimie iswi ng t he
zi nc di al kyl di t hi ophosphate so produced; (c) lubricating oils conprising
the zinc girgdkadadi t hi ophosphate so produced; (d) engines and/or

transm ssions lubricated with lubricating oils conprising the zinc

di al kyl di t hi ophosphate so produced; and (e) diesel and gasoline auto and
truck engines and/or transm ssions conprising the zinc
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EVMBCODI MENT( ' S) [g%%j&@i@nﬁggggﬁ'g?@gbmﬁﬁ he tor ego|'\Jrfl%_d)I\St\ﬁ‘lnrrérﬂéltyg‘l:/J of the

nventi on o | ol hPtkdBhes Sk uf I5ahheLIRAGY BEAD Merifl, BT o o

enbodi nmen e invention whichis pr I dere S best

mode. [ 00%fbwiny Reis b Uelfied gs&rfpnsa 4 mg.pgéggﬂ_r%@hg%%nb&%n{smnmn the

present invention, a thioacid s neutrali any thioacird may be

used, prefsih i hiRA&d] L4 accordance with one of the
fol |l ow ng s;?n'tg [aésslglg mtn%@ggoq%%%gg?iggﬂg?/%’hesi s Method 1 [0038] From about

1.4 5. O i f i d
Lot L0 % TR R0l ORC i ARC IR et of FRgblf O
o o gt o 8L b 0 AR Bl U, Al ORESRY

and t he
preferred thioacids are produced in accordance with one of the following

synthesis methods:

Thioacid Synthesis Method 1

[0038] From about 1.4 to 5.1 grams of P,0s is added to about 287.5 grams of
P2Ss in a round bottom flask and sealed. This mixture is slowly charged with 108
grams of an equimolar mixture of methyl isobutyl carbinol (MIBC) and isopropyl
alcohol (IPA) at 60 - 65°C under agitation. This is an exothermic reaction and the
temperature should be maintained at 88 - 94°C. Although not required, caprolactam
may be used as a catalyst. Atfter all of the P,O5 and P,S5 mixture has been charged
to the alcohol heel, 322 grams of the equimolar mixture of MIBC and IPA is added to
the slurry over the course of two hours, maintaining a temperature of 88 - 94°C. The
mixture is then held for one hour at the reaction temperature. After the one hour

cook, the thioacid may be filtered using filter paper.



tenperature should be maintained at 88 - 94'C. Al though not required,
caprolactam nay be used as a catalyst. After all of the P20 and P2S5

m xture has been charged to the alcohol heel, 322 grans of the equinol ar
m xture of MBC and IPAis added to the slurry over the course of two
hours, maintaining a tenperalhpacifSfihesi®#dthodize m xture is then held
for one hour at the reaction tenperature. After the one hour cook t he

thioacid maysde fil trgpRdalsiing 4 it '] RERAY of Pt afd ¢ 5 bygj hod 2
[0039] From about 1.4 to 5.1 grans of P205 are dissolved in 270 grans of

of Pass ankaeoth S8, TR dKARE % hdo mied, GA0EOR: alits ohRl. RBR L3 G

P206/ M BC/, ) BA. at 60 Cund | IS i hermc reaction
Bnd t he t ATA BAIPS CE5Rs araaimy R wih Shproxiiely L SR

requi red, caprolactam nma used as a catal yst. After all the PZSS has
been chamgixture of ﬁz@sﬁ\ﬂ@ﬂmﬁé@p- 6556+ endersagilajiog2 I his ishan exothesmic
P26/ M BC/ I PA mxture is added to the slurry over the course of two hours,
mai nt ai ni mgaetiort amg treatemmperafur€ 8houkilte: mMetiamext atr88 + 84%CeAltheligh hot one
hour at the reaction tenperature. After the one hour cook, the thioacid

nmay be fi lrbguiest, USiphdlatiant efay DeReed ab eariybt.NaHer Al thatP, 93 Haghdan
e

Pr oducti on) [0040] Whet her starting with a thioacid produc i n accordance

with one C?*y rddif1d 1% BlAhBITRELI g.%ﬁ%mgfeg'ﬁss (B8t d PLOIRABENIPA

commer ci al | oacl t st In zin

di al kyl di t hi pphosph duc Lon 1S neutralize the thioacid. This is

done by 1PEERETERE B He Sy aaegt”eﬁ it 8? 18 liis o RAIRELTI09 2110
ranms of zinc oxide re added_to 125 ans of process oil.

g temperature o 88 94°C. T"\e mixtur IS then helg for one hour at the reaction

temperature. After the one hour cook, the thioacid may be filtered using filter

paper.

Thioacid Neutralization (ZDDP Production)
[0040] Whether starting with a thioacid produced in accordance with one
of the two aforementioned thioacid synthesis methods or a commercially
available thioacid, the first step in zinc dialkyldithiophosphate production is to
neutralize the thioacid. This is done by first creating a zinc oxide slurry in oil.
Approximately, 110 grams of zinc oxide are added to 125 grams of process oil.
The slurry is heated to 60°C. Next, 600 grams of the thioacid are then slowly
dosed into the zinc oxide slurry over 80 - 100 minutes while agitating. An
exotherm is initially observed and a reaction temperature of 80 - 84°C should
be maintained during the thioacid additional period. After all the thioacid has
been charged, the reaction mixture is held for one hour at 82 - 84°C. When

the one-hour cook is finished, the batch is vacuum stripped for thirty minutes.
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The slurry is heated to 60C. Next, 600 grans of the thioacid are then
slowy dosed into the zinc oxide slurry over 80 - 100 m nutes while
agitating. An exothermis initially observed and a reaction tenperature of
80 - 84C should be maintained during the thioacid additional period. After

al | the t hiiaesdttivasmieRnisCiinofiteret ghd ancieioRitiprdelisy bis th ik tigg one
hour at 82 - 84C. When the one-hour cook is finished, the batch is vacuum

stripped f (?Fﬂgs | tered and
diluted wf{?{%s“#yo%ggmo%b?‘gn%lé%ek th il Eﬁﬁtgf‘%r ogtﬁﬁ eé@t?@gl{)ﬂc

di al kyl di t hi ophosphate of the present I nvention. Conparative Results [0041]
The following tables illustrate VWAK 6 505 test results, using test

nmet hod PV3344 - an industry recggni zed se | s test [0042] For conparative

. purposes a standard ZDDP sanpl e arRibe ﬁ%"g’ benchmark. The standard ZDDP
sanpl e was _produced by slowy charging into a sealed round bottom fl ask
cont ai ni nd EQTI 5 gr a'H@ follopasg taldgs Husirate M WaAKeg fifoiest reswturusing net hyl
i sobutyl carbinol (MBC) and isopropyl alcohol (IPA) at 60 - 65C while

agi t at i ng.te§tmethosl RY3284bt-rear mdosiry ssotignizedssedld test.t enperat ure was

mai ntai ned at 88 - 94C. After all of the P2S5 has been charged to the

al cohol hqeb42PB22 grrgrscathphaffive PlirpBsey a standardezDDAVEBRApR dvdsPlseds added
to the slurry over the course of two hours, while nalnta|n|ng a

tenperat urfy of 88 Rm3 The HHFoe 25pt Qgrﬂpfeehe t%{od&&? %&BEIO?}I){'[ he

reaction terrperature fte one hour” cook oacl tered
using filter pa Next theth| eutraé d wth n oxi de
slurry. Tﬁi‘aﬁﬂg oy 8%’@9#%"9\&8 ﬁr%‘%éaﬁ?pqﬁﬁmgn é?a%pgr@msrﬁ et i% gr ams
of zinc oxide to 125 granms of process oil. The slurry was at

grams of an eéquimolar mixture of methyl isobutyl c)érblnot (MIBCG)) and
isopropyl alcohol (IPA) at 60 - 65°C while agitating. This is an exothermic
reaction and the temperature was maintained at 88 - 94°C. After all of the
P.Ss has been charged to the alcohol heel, 322 grams of the equimolar
mixture of MIBC and IPA was added to the slurry over the course of two hours,
while maintaining a temperature of 88 - 94°C. The mixture was then held for
one hour at the reaction temperature. After the one hour cook, the thioacid
was filtered using filter paper. Next, the thioacid was neutralized with a zinc
oxide slurry. The zinc oxide slurry was formed by adding approximately 110
grams of zinc oxide to 125 grams of process oil. The slurry was heated to
60°C. Next, 600 grams of the thioacid were then slowly dosed inio the zinc
oxide slurry over 80 - 100 minutes while agitating. An exotherm was initially
observed and a reaction temperature of 80 - 84°C was maintained during the
thioacid addition period. After alt the thioacid had been charged, the reaction
mixture was held for one hour at 82 - 84°C. When the one-hour cook was

finished, the batch was vacuum stripped for thirty minutes. The reaction

1"



60C. Next,

initially
during the

one- hour cook was

oi |

finished,

600 grans of the thioacid were then slowy dosed into the zinc
oxide slurry over 80 -

100 mnutes while agitating. An exotherm was

- the standard zinc

) Vieakag! shed

S prepared by a

S oRIRaeE

observed and a reaction tenperature of 80 - 84C was nmai nt ai ned
t hi oacid addition period. After all
char ged, trhigtureawss dhenniilierad eandh ilntedd withr pooveskosil tatgi®® the Sikishathen t he
the batch was vacuum stripped for thirty

m nut es. Preduictactheasiafdarnd 2h¢ BRIMAGHIbIHbSphhte@DDRNSaMpleut ed Wi th process
to give the finished product

di al kyl di tr¢ osph £ 0
VW AK 6 5320?%1; re?m:etg for e@%géé@g?m{#e

the thioacid had been

s the

Lo r engt 1012 TEIes PR Bt BY A PRERL DI R o Yif Tapfard 2D 722

m n( Report
Sanpl e 32

Yl NPass/ Fai |
BIRI88570NPass
ZDDP [0044] As evident fromthe table above,

pass the VWAK 6 505 test while the standard ZDDP does not.

Sanpl e 1568. 718671NPass Sanpl e 2569. 119374NPass
Sanpl e 42058. 417671NPass St andard NA7. 314273YFai |
the inventive ZDDP sanpl es

ZDDP Sample
prepared by Tensile
adding P.0Os5 to Strength | Elongation | Hardness | Cracks
P2Ss P2S5:P205 | (8.0 min) | (160 min) | {Report) | (Y/N) | Pass/Fail
Sample 1 56 8.7 186 71 N Pass
Sample 2 56 9.1 193 74 N Pass
Sample 3 205 8.9 185 70 N Pass
Sample 4 205 8.4 176 71 N Pass
Standard :

NA 7.3 142 73 Y Fail
ZDDP
[0044) As evident from the table above, the inventive ZDDP samples

pass the VW AK 6 505 test while the standard ZDDP does not.

[0045]

The table below compares the VW AK 6 505 test results. for

ZDDP samples prepared by dissolving P>Os in MIBC to the standard ZDDP

sample.

ZDDP Sample

prepared by Tensile

dissolving Strength | Elongation | Hardness | Cracks

P20s in MIBC | P2S5:P205 | (8.0 min) | (160 min) | (Report) | (Y/N) | Pass/Fail
Sample 1 53 9.2 181 71 N Pass
Sample 2 53 9.3 182 71 N Pass
Sample 3 53 9.5 8.7 70 N Pass
Sample 4 104 8.7 169 71 N Pass

12
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[ 0045] The tabl e bel ow conpares the VWAK 6 505 test results. for ZDDP
sanpl es prepared by dissolving P206 in MBC to the standard ZDDP sanpl e.
ZDDP Sanpl e Tensile prepared by P2S5: P205Strengt h El ongati on Hardness
Cracks Pass/Fail dissolving (8.0 mn(160 m n(Report)YIN P2C6 in M BC Sanpl e

1539. 2181 Gthkdarel Sanp| e 2539. 318271NPass Sanpl e 3539. 58. 7T0NPass | Sanpl e
41948. 716%71NPass 12 StanNArd ZDDPF.RA 7.2 135 72 Y Fail
DDP
[0046] As evident from the table above, the inventive ZDDP samples

pass the VW AK 6 505 test while the standard ZDDP does not.

[0047] In conclusion, the ZDDP of the present invention exhibits improved
seal compatibility as compared to the standard ZDDP sample thereby permitting a
formulator to use more aggressive dispersants and thereby achieve an engine or
transmission oil package offering superior performance over the prior lubricating oil
packages.

[0048] In view of the present disclosure or through practice of the
present invention, it will be within the ability of one of ordinary skill to make
modifications to the present invention, such as through the use of equivalent
arrangements and compositions, in order to practice the invention without

departing from the spirit of the invention as reflected in the appended claims.

13



72 Y Fail [0046] As evident fromthe table above, the inventive ZDDP
sanples pass the VWAK 6 505 test while the standard ZDDP does not. [0047]
In conclusion, the ZDDP of the present invention exhibits inproved seal
conpatibility as conpared to the standard ZDDP sanple thereby permtting a
f or mul at owhat isetaimeddés:aggr essi ve di spersants and thereby achi eve an engi ne
or transm ssion oil package offering superior performance over the prior

|l ubricating oidl mpthelages prdddi@hg] d nhiveew abefuheanpries efrbdabitioal @ Usic Or

t hrough practice of the present invention, it will be within the ability

of one of dilididitaiophsdphale, saidmadthod omdphdigpitheahpstad: t he present invention,
such as through the use of equivalent arrangenents and conpositions, in

order to practiitigatingea redctitn borinedudivigta nihaper &f RS airPtdietosPisbiutionf t he
invention as reflected in the appended clains. 13 Wiat is clained is: 1. A
met hod for prodosipriging ndthy BobdiyLeebinbl dna isdpeomd akduledlj on of zi nc

di al kyl di t hi ophosphate, said nethod conprising the steps of: initiating a
reaction by i niniahdtaidinggsaid réaxtion i @ tenEbtuanchng2 Shile @dding Galdt inbxfure of
conprising nethyl isobutyl carbinol and isopropyl alcohol; maintaining said

reaction in a tReOpesmit PS5 targed wbidtien ashtiprigingan@dthyl X$obugyl odarbiF2Oan@nd P2S5
to said solution conprising nethyl isobutyl carbinol and i sopropyl alcohol

so as to form dsaprapyt yicolstl kot fgfosmizdsieryr ry by addi ng an additi onal
quantity of said solution conprising
diluting said slurry by adding an additional quantity of said solution comprising
methyl isobutyl carbinol and isopropyl alcohol so as to form a dilute slurry
while maintaining said dilute slurry in said temperature range; and

maintaining said dilute slurry in said temperature range so as to form said

thioacid.

2. The method according to claim 1 additionally comprising the step of: isolating said

thioacid by filtering said dilute slurry.

3. The method according to claim 1 wherein said reaction is conducted in the

absence of a catalyst.

4. The method according to claim 1 wherein said mixture of P,Os and P,Sg

comprises, on a weight basis, from about 35 to about 400 parts P;Ss to about 1 part

P20s.

5. The method according to claim 1 wherein said solution comprising methyl

isobutyl carbinol and isopropyl alcohol is an equimolar solution.

14



met hyl isobutyl carbinol and isopropyl alcohol so as to forma dilute
slurry while maintaining said dilute slurry in said tenperature range; and
mai ntaining said dilute slurry in said tenperature range so as to formsaid
t hi oacid. 2. The nethod according to claim 1l additionally conprising the
step of. i6s0) thidasly pradutedin ecmirdanioy withithemettpdsdicirdill ute slurry. 3. The
nmet hod according to claim1l wherein said reaction is conducted in the
absence of a catalyst. 4. The nethod according to claim1l wherein said

m xture of P205 and P2S'5 conprises, on a weight basis, fromabout 35 to
about 400 7par t's PeH8dt doralpoeducihgpar tthiomdds uséful Tihe theet frodudtion optli zige t o
claim1 wherein said solution conprising nethyl isobutyl carbinol and

i sopropy! diglieddibiophesphates gaidmogthed earhprisingthe teps.of:A t hi oaci d produced in
accordance with the nethod of claiml1. 7. A nethod for producing a thioacid
useful in the pritatingta reactioh byiintcoduding|Re$t ita aficspbavlidrat e, sai d nmet hod
conprising the steps of: initiating a reaction by introducing P2S5 into a
first sol uti on;maisteining sdichteastiordinra teopesstuienrange eviiie cabtinuing teragd selid | e
continuing to add said P2S5 to said first solution so as to forma slurry;
di luting said $i8s tosaifirsikdlutignsddisttd fmela sleirgd first solution so as to form
a dilute slurry while maintaining said dilute slurry in said tenperature
range; and maidivtiigsaihsigmy by diding eddilianal gaid first adldticrespas wtfomeadiutge so as
to formsaid thioacid. 8 The nethod according to claim7 wherein said
first sol uti on siusryfwhilgeohintgining smid djlute slurry in said temperature range; and

maintaining said dilute slurry in said temperature range so as to form said

thioacid.

8. The method according to claim 7 wherein said first solution is formed, on a weight
basis, by a method comprising the steps of:
creating a mixture comprising from about 35 parts to about 260 parts of methyl
isobutyl carbinol to about 1 part P,Os; and
forming said first solution by adding 1 part isopropyl alcohol to from about 1.50

to about 1.90 parts of said mixture.

9. The method according to claim 7 wherein said reaction is conducted in the

absence of a catalyst.

10. The method according to claim 7 additionally comprising the step of: isolating

said thioacid by filtering said dilute slurry.

11. A thioacid produced in accordance with the method of claim 7.

15



basis, by a nethod conprising the steps of: creating a m xture conprising
fromabout 35 parts to about 260 parts of nmethyl isobutyl carbinol to
about 1 part P205; and formng said first solution by adding 1 part

i sopropyl alcohol to fromabout 1.50 to about 1.90 parts of said m xture.
9. The netYodAavebediforgproducingnanaint diatkylditniopladsphateasdiiton ¢enpsmduzined i n
the absence of a catalyst. 10. The nethod according to claim7 additionally
conpri si nglialkdithiapbosrhate, seidanethod sanprising thestapsiof: filtering said dilute
slurry. 11. A thioacid produced in accordance with the method of claim7.
15 12. A net hodrédingadhiordidig a zi nc di al kyl di t hi ophosphat e sol ution
conprising zinc dialkyldithiophosphate, said nethod conprising the steps
of : providi ng spetdingedid thisarid yithgiteagied unitil said ithioadid fests hegajiea fomt$ sai d
thioacid tests negative for H2S with | ead acetate paper; neutralizing said
t hi oaci d by dogvithigeahpcebtathipep@rid i nto a zinc oxide slurry at a tenperature
within a first tenperature range so as to forma reaction m xture;

mai nt ai ni ng sainguiralizing said Hicadd by dosing seiddhidacid inte raatine exidarsgerywti 4 e
adding said thioacid; holding said reaction m xture in said second

t enper at ur e r afgperaturawithip adirst4emperiatuie eangefsoes tadetimayresstich mhitwerci d;
optionally vacuum stripping said reaction m xture; optionally filtering

sai d reaction mgintamingssricreacton wikbwe imaseswid igmperatirel resge whiteladding

said thioacid;

holding said reaction mixture in said second temperature range for at least 45
minutes after adding said thioacid;

optionally vacuum stripping said reaction mixture;

optionally filtering said reaction mixture so as to remove any solid particles;
and

optionally diluting said reaction mixture with process oil thereby producing said

zinc dialkyldithiophosphate solution.
13. The method according to claim 12 wherein said zinc oxide slurry is formed, on a
weight basis, by a method comprising the step of:
adding 1 part of zinc oxide to from about 1.0 parts to about 1.3 parts of
process oil so as to form said zinc oxide slurry.

14. A zinc dialkyldithiophosphate produced according to the method of claim 12.

15. An oil additive package comprising a zinc dialkyldithiophosphate produced in

accordance with the method of claim 12.
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optionally diluting said reaction m xture with process oil thereby

produci ng said zinc dialkyldithi ophosphate solution. 13. The nethod
according to claim 12 wherein said zinc oxide slurry is formed, on a

wei ght basis, by a nmethod conprising the step of: adding 1 part of zinc

oxi de to fior hibdeating.dl cormptising e Zirtsatialkyidithiqpdiosshaté prodocekissacooidasee as t o
formsaid zinc oxide slurry. 14. A zinc dial kyl di t hi ophosphate produced
accor di ng with theeathadwf¢lagh 18l ai m 12. 15. An oil additive package conpri sing
a zinc dial kyl dithiophosphate produced in accordance with the nethod of
claim12. 16 16. A lubricating oil conprising a zinc dialkyldithiophosphate
produced in accordance with the nethod of claim12. 17. An engine

| ubri cat ed wiArtendine 'wbiinatestwithige dibiricalngorilBasgrding tolckinm166. 18. A

transm ssion lubricated with the lubricating oil according to claim116. 19.
An engi ne conprising a zinc dialkyldithi ophosphate produced in accordance
with the nethod of claim12. 20. A transm ssion conprising a zinc

di al kyl di t18 dpharaprisaien bdeatedwith thedduisathyeibaatotding teelawtiBod of cl ai m 12.
21. A nmethod for producing a solution of zinc dialkyldithiophosphate, said
method conprising the steps of: initiating a reaction by introducing a

m xture of P2056 and P2S5 to a solution conprising nethyl isobutyl carbinol
and i sopr dfy|Amenrgite tomprising & zine diplkyldittiopbesphaterproducedtie mperrdanneewittange
adding said mxture-of P26 and P2S5 to said sol ution conprising nethyl

i sobutyl dbe mietheord aisl@imdadpropyl al cohol so as to forma slurry;

20. A transmission comprising a zinc dialkyldithiophosphate produced in accordance

with the method of claim 12,

21. A method for producing a solution of zinc dialkyldithiophosphate, said method
comprising the steps of:
initiating a reaction by introducing a mixture of P,Os and P,Ss to a solution
comprising methyl isobutyl carbinol and isopropyl alcohol,
maintaining said reaction in a temperature range adding said mixture of P,Os
and P,Ss to said solution comprising methyl isobutyl carbinol and isopropyl
alcohol so as to form a slurry;
diluting said slurry by adding an additional quantity of said solution comprising
methyl isobutyl carbinol and isopropyl alcohol so as to form a dilute slurry
while maintaining said dilute slurry in said temperature range;
maintaining said dilute slurry in said temperature range so as to form said
thioacid;
sparging said thioacid with nitrogen until said thioacid tests negative for H,S

with lead acetate paper;

17



diluting said slurry by adding an additional quantity of said solution
conprising nethyl isobutyl carbinol and isopropyl alcohol so as to forma
dilute slurry while maintaining said dilute slurry in said tenperature
range; maintaining said dilute slurry in said tenperature range so as to
form said thi gwgirdlizingsaigthigpcibbyldedingsaid thissicidhintui ¢ ringemidasiurly seas
thioacid tests negative for RS with | ead acetate paper; 17 neutrali zing
sai d thioacid Wy feiosd regctien mixtureioacid into a zinc oxide slurry so as to
forma reaction mxture; maintaining said reaction mxture in a second
t enper at ur e r anfgRini@Mmingsad tiastion gaituretimasaecondt tetmplediturg ramgedwhiteaadding
m xture in said second tenperature range for at least 45 mnutes after
addi ng sai d t hisgiscthigacidpt i onal |y vacuum stri pping said reaction mxture;
optionally filtering said reaction mxture so as to renove any solid
particles; andwoising saidr¢agtion mixtimedn saidcseceratieimperatunetrange for ehlepstotiess oi |
t hereby producing said zinc dialkyldithiophosphate solution. 22. The
met hod accor di ngnuies @ften addig seidithicdasidal | y conprising the step of: isolating
said thioacid by filtering said dilute slurry. 23. The nethod according to
cl ai m 21 wher eioptierally veewirs soinping seidndativadnixtore; he absence of a catal yst.
24. The nmethod according to claim?21 wherein said m xture of P205 and P2S5
conpri ses, on ®plienajiitflitedng saidfreattionbpixturgSotas tabremove GOy salid paRRBEs; t o
about 1 part 4

an

optionally diluting said reaction mixture with process oil thereby producing said

zinc dialkyldithiophosphate solution.

22. The method according to claim 21 additionally comprising the step of: isolating

said thioacid by filtering said dilute slurry.

23. The method according to claim 21 wherein said reaction is conducted in the

absence of a catalyst.

24. The method according to claim 21 wherein said mixture of P,0Os and P,Ss
comprises, on a weight basis, from about 35 to about 400 parts P,Ss to about 1 part

P20s.

25. The method according to claim 21 wherein said solution comprising methyl
isobutyt carbinol and isopropyl alcohol is an equimolar solution of methyl isobutyl

carbinol and isopropyl alcohol.
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P205. 25. The nethod according to claim21 wherein said solution conprising
met hyl i sobutyl carbinol and isopropyl alcohol is an equinolar solution of
met hyl isobutyl carbinol and isopropyl alcohol. 18 26. The net hod
according to claim 21 wherein said zinc oxide slurry is fornmed, on a
wei ght bad6s, Theymeathed iaheetdingrip claim 2 wieseis tseid zirfc oxididsiagy Is foemed, @h &i nc
oxide to fromabout 1.0 parts to about 1.3 parts of process oil so as to
f or m sai d wsight besiscey & methog. copprising thenstepliobl kyl dit h i ophosphat e produced
according to the method of claim?2l1l. 28. An oil additive package conprising
a zinc di al kyl diddhigoprestpplaziec pxisigutoetiomcatmutliicdy pads tihaboet hddparts of ai m 21.
29. A lubricating oil conprising a zinc dialkyldithiophosphate produced
accordi ng to tmeogesskibdo es tefoanpaiizincoxidessiumngi ne | ubricated with the
| ubricating oil according to claim?29. 31. Atransmssion lubricated with
the lubricating oil according to claim29. 32. An engine conprising a zinc
di al kyl di t hi ophosphat e produced according to the nethod of claim?21. 33. A
t ransm ssiZdn Acdngdiatkyidihiaphdspbatgipabdugkd actrirdiph tsibranathed ofchlaim®1accor di ng to
the method of claim21. 34. A nmethod for producing a solution of zinc
di al kyl di t hi ophosphate, said method conprising the steps of: initiating a
reaction by introducing P2S5 into a first solution; maintaining said
reaction i3 a Areppeadditive epackage omiriprieing omtdineu diagkyidhiaphbsphae pedsed o sai d
first solution so as to forma slurry;

according to the method of claim 21.

29. A lubricating oil comprising a zinc dialkyldithiophosphate produced according to

the method of claim 21.
30. An engine lubricated with the lubricating oil according to claim 29.
31. Atransmission lubricated with the lubricating oil according to claim 29.

32. An engine comprising a zinc dialkyldithiophosphate produced according to the

method of ¢laim 21.

33. A transmission comprising a zinc dialkyldithiophosphate produced according to

the method of claim 21.

34. A method for producing a solution of zinc dialkyldithiophosphate, said method
comprising the steps of:

initiating a reaction by introducing P,Ss into a first solution;

maintaining said reaction in a femperature range while continuing to add said

P2Ss to said first solution so as to form a slurry;
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19 diluting said slurry by adding additional said first solution so as to
forma dilute slurry while maintaining said dilute slurry in said
tenperature range; maintaining said dilute slurry in said tenperature
range so as to formsaid thioacid; sparging said thioacid with nitrogen
until said t hi cligting sad sl by adding atiditionl Saidfirsthsolutianl sa eet@foempagikke
neutralizing said thioacid by dosing said thioacid into a zinc oxide slurry
so as to for msurmessle roainiginingsaid difnié slbey i said tewpbratemotings mixture in a
second tenperature range while adding said thioacid; holding said reaction
m xture in sai dnaplainiig sadptivigt sivey imsgd eopersturegange 45 asntonformessaid t er

addi ng said thioacid; optionally vacuum stripping said reaction m xture;
optional |y fil tthipatig sai d reaction mixture so as to renove any solid
particles; and optionally diluting said reaction m xture with process oil

t her eby producispgraing seid thipacidiwith jtratienhintip baid fhinacid destsinegaiive 36, HFhe

nmet hod according to claim34 wherein said first solution is forned, on a
wei ght basis, Wythdeagasrieledonsii sing the steps of: creating a mxture
conprising fromabout 35 parts to about 260 parts of nmethyl isobutyl

car bi nol to abdwgutralizing saiPPthicidappidgsing$aid) thieaoitl ita & zing eixidei shnmybso asidi ng 1
part isopropyl alcohol to fromabout 1.50 to about 1.90 parts of said

m xture. 36. THeforsxswacipooibdiirely to claim 34 wherein said reaction is

conducted in the
maintaining said reaction mixture in a second temperature range while adding

said thioacid;

holding said reaction mixture in said second temperature range for at least 45
minutes after adding said thicacid;

optionally vacuum stripping said reaction mixture;

optionally filiering said reaction mixture so as to remove any solid particles;
and

optionally diluting said reaction mixture with process oil thereby producing said

zinc dialkyldithiophosphate solution.

35. The method according to claim 34 wherein said first solution is formed, on a
weight basis, by a method comprising the steps of:
creating a mixture comprising from about 35 parts to about 260 parts of methyl
isobutyl carbinol to about 1 part P,Os; and
forming said first solution by adding 1 part isopropyl alcohol to from about 1.50

to about 1.90 parts of said mixture.

36. The method according to claim 34 wherein said reaction is conducted in the

absence of a catalyst.
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absence of a catalyst. 20 37. The nethod according to claim34 additionally
conprising the step of: isolating said thioacid by filtering said dilute
slurry. 38. The nethod according to claim 34 wherein said zinc oxide slurry
is formed, on a weight basis, by a nmethod conprising the step of: adding I
part of zid7c Tthe thethod dacomlirgbloutlaifn B4 pdditiendllp calmpuising H3e pleptd: sblatimy ocess
oil so as to formsaid zinc oxide slurry. 39. A zinc dialkyldithiophosphate
produced matidhibacid bydiltetirey said dibde sitirrgl ai m 34. 40. An oil additive package
conprising a zinc dialkyldithi ophosphate produced according to the nethod
of claim34. 41. A lubricating oil conprising a zinc dialkyldithi ophosphate
produced according to the nethod of claim34. 42. An engine lubricated with
t he | ubri &8t i g roethodaccordingdo thine Baiwheddin s4i8.zink dxidenslonng isi forméd)loni at ed
with the lubricating oil according to claim41l. 44. An engine conprising a
zi nc di al ldighttbhsiephos pietitod gormpdsiog theagiepptli ng to the nethod of claim 34.
45. A transm ssion conprising a zinc dialkyldithi ophosphate produced
accordi ng to t laddimgt hgartodf Zihaioxid@dto dm about 1.0 parts to about 1.3 parts of

process oil so as to form said zinc oxide slurry.

39. A zinc dialkyldithiophosphate produced according to the method of claim

34.

40. An oil additive package comprising a zinc dialkyldithiophosphate produced

according to the method of claim 34.

41. A lubricating oil comprising a zinc dialkyldithiophosphate produced according to

the method of claim 34,

42. An engine lubricated with the lubricating oil according to claim 41.

43. A transmission lubricated with the lubricating oil according to claim 41.

44. An engine comprising a zinc dialkyldithiophosphate produced according to the

method of claim 34.

45. A transmission comprising a zinc dialkyldithiophosphate produced

according to the method of claim 34.
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