
PROCESS FOR PRODUCING ZINC DIALKYLDITHIOPHOSPHATES EXHIBITING  IMPROVED
SEAL COMPATIBILITY PROPERTIES TECHNICAL FIELD OF THE INVENTION [0001] The
present invention is in the field of engine and transmission oil  packages.
Specifically, the present invention provides a method for synthesizing zinc
dialkyldithiophosphates that exhibit improved seal compatibility compared
to the zinc  dialkyldithiophosphates of the prior art. BACKGROUND OF THE
INVENTION [0002] Presently in the field of engine and transmission oil
packages, seal  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 advantages 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. 1 SUMMARY OF THE
EMBODIMENTS [0005] In general terms, in one embodiment herein is presented
a method for  producing a thioacid and the thioacid so produced. [0006] The
present invention provides a method for producing a thioacid  useful in the
production of zinc dialkyldithiophosphate. The method comprises the  steps
of: (a) initiating a reaction by introducing a mixture of P205 and P2S5 to
a  solution comprising at least methyl isobutyl carbinol and isopropyl
alcohol; (b)  maintaining the reaction in a temperature range while adding
the mixture of P205 and  P2S5 to the solution comprising methyl isobutyl
carbinol and isopropyl alcohol so as to  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 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 isopropyl alcohol is agitated when the mixture of
P205 and P2S5 is added. In  another embodiment the solution of methyl
isobutyl carbinol and isopropyl alcohol is  initially at a temperature in
the range of from about 58C to about 68C. Another  temperature range can
extend from about 86C to about 96C. [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
P205 and P2S5 comprises, on a  weight basis, from about 35 to about 400
parts P2S5 to about 1 part P205. In yet  another embodiment, the mixture of
P205 and P2S5 comprises, on a weight basis,  



from about 56 to about 205 parts P2S5 to about 1 part P205. [0010] In one
embodiment, a catalyst is used to facilitate the reaction. In  another
embodiment, caprolactam is used as a catalyst for the reaction. 2 [0011]
The solution comprising methyl isobutyl carbinol and isopropyl  alcohol can
be an equimolar solution of these components. [0012] The present invention
includes the thioacids produced in  accordance with the above stated
method. [0013] The present invention also includes an alternative method
for  producing a thioacid useful in the production of zinc
dialkyldithiophosphate.  This method comprises the steps of. (a) initiating
a reaction by introducing  P2S5 into a first solution; (b) maintaining the
reaction in a temperature range  while continuing to add the P2S5 to the
first solution so as to form a slurry; (c)  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
P2S5 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 isobutyl carbinol  to about 1
part P205; 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 P205;  and (b) forming the first solution by adding 1 part isopropyl
alcohol to from  about 1.70 to about 1.74 parts of the mixture. [0016] The
aforementioned method may optionally comprise the additional  step of
isolating the thioacid by filtering said dilute slurry. [0017] In one
embodiment, a catalyst is used to facilitate the reaction. In  another
embodiment, caprolactam is used as a catalyst for the reaction. [0018] The
present invention includes the thioacids produced in  accordance with the
above stated method. [0019] The present invention additionally provides a
method for  producing a zinc dialkyldithiophosphate solution comprising
zinc  dialkyldithiophosphate. This method comprises the steps of: (a)
providing a  thioacid; (b) sparging the thioacid with nitrogen until the
thioacid tests negative  for H2S 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 50C to about 70C. Further, it is
desirable that the  second temperature range extend from about 78C to about
88C. [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 4 about 1.0 parts to about 1.3 parts of process oil so as to form the
zinc oxide  slurry. It is even more desirable that 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 about 1.10 parts to about 1.16 parts of process
oil so as to form the  zinc oxide slurry. [00221 An alternative method of
the present invention for producing a  solution of zinc
dialkyldithiophosphate comprises the steps of: (a) initiating a  reaction
by introducing a mixture Of P205 and P2S5 to a solution comprising  methyl
isobutyl carbinol and isopropyl alcohol; (b) maintaining the reaction in a
temperature range while adding the mixture comprising P205 and P2S5 to said
solution of methyl isobutyl carbinol and isopropyl alcohol so as to 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 slurry 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 mixture in the second temperature
range  for at least 45 minutes after adding the thioacid; (i) vacuum
stripping the  reaction mixture; 0) 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. 6 [0023] It is desirable that the solution
comprising methyl isobutyl  carbinol and isopropyl alcohol is agitated as
the mixture Of P205 and P2S5 is  added. It is further preferred that the
solution comprising methyl isobutyl  carbinol and isopropyl alcohol 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.
Finally, it is desirable that the second temperature range  is from about
78'C to about 88'C. [0024] The aforementioned method may optionally
comprise the  additional step of isolating the thioacid by filtering said
dilute slurry. [0025] In one embodiment of the aforementioned method the
mixture of  P205 and P2S5 comprises, on a weight basis, from about 35 to
about 400 parts  P2S5 to about 1 part P205. Alternatively, in the
aforementioned method the  mixture Of P205 and P2S5 comprises, on a weight
basis, from about 56 to about  205 parts P2S5 to about 1 part P205. [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.  [0029] A second
alternative method of the present invention for  producing a solution of
zinc dialkyldithiophosphate comprises the steps of: (a)  initiating a
reaction by introducing P2S5 into a first solution; (b) maintaining the
reaction in a temperature range while continuing to add said P2S5 to said
first  solution so as to form a slurry; (c) diluting the slurry by adding
additional first  solution so as to form a dilute slurry while maintaining
the dilute slurry in the  temperature range; (d) maintaining the dilute
slurry in the temperature range  so as to form said thioacid; (e) sparging
said thioacid with nitrogen until said  thioacid tests negative for H2S
with lead acetate paper; (f) neutralizing the  thioacid by dosing the
thioacid into a zinc oxide slurry at a temperature within  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; 6) 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. 



[0030] It is desirable that the first solution is agitated as the P2S5 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 860C 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  a mixture comprising from about 35
parts to about 260 parts of methyl isobutyl  carbinol to about 1 part P205;
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. The  first solution in
the aforementioned method is 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 P205;
and (b) forming the first solution by adding 1 part isopropyl alcohol to
from  about 1.70 to about 1.74 parts of the mixture. [0033] The
aforementioned method may optionally comprise the  additional step of
isolating the thioacid by filtering said dilute slurry. [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 lubricating oils comprising the zinc
dialkyldithiophosphate so produced; and (e) diesel and gasoline auto and
truck  engines and/or transmissions comprising the zinc
dialkyldithiophosphate so produced. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S) [0036] In accordance with the foregoing summary of the
invention, the  following presents a detailed description of the preferred
embodiment of the invention  which is presently considered to be its best
mode. [0037] In order to produce the zinc dialkyldithiophosphate of the
present  invention, a thioacid is neutralized. Although any thioacid may be
used,  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 P205 is added to about 287.5 grams of  P2S5 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. After all of the P2O5 and P2S5
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.  Thioacid Synthesis Method 2
[0039] From about 1.4 to 5.1 grams of P205 are dissolved in 270.9  grams of
MIBC. This mixture is then mixed with 159.4 grams of IPA. Next  287.5 grams
of P2S5 are slowly charged with approximately 105 grams of the  mixture of
P2O5/MIBC/IPA at 60 - 65C under agitation. This is an exothermic  reaction
and the temperature should be maintained at 88 - 94C. Although not
required, caprolactam may be used as a catalyst. After all the P2S5 has
been  charged to the alcohol heel, approximately 325 grams of the
P2O5/MIBC/IPA  mixture is added to the slurry over the course of two hours,
maintaining a  temperature of 88 - 94C. 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. 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 60C. 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 - 84C 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 - 84C. When  the one-hour cook is finished, the batch is vacuum
stripped for thirty minutes. 10 The reaction mixture is then filtered and
diluted with process oil to give the finished product - the zinc
dialkyldithiophosphate of the present invention. Comparative Results [0041]
The following tables illustrate VW AK 6 505 test results, using  test
method PV3344 - an industry recognized seals test. [0042] For comparative
purposes a standard ZDDP sample was used  as a benchmark. The standard ZDDP
sample was produced by slowly  charging into a sealed round bottom flask
containing 287.5 grams of P2S5 108  grams of an equimolar mixture of methyl
isobutyl carbinol (MIBC) and  isopropyl alcohol (IPA) at 60 - 65C while
agitating. This is an exothermic  reaction and the temperature was
maintained at 88 - 94C. After all of the  P2S5 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 - 94C. 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  



60C. Next, 600 grams of the thioacid were then slowly dosed into the zinc
oxide slurry over 80 - 100 minutes while agitating. An exotherm was
initially  observed and a reaction temperature of 80 - 84C was maintained
during the  thioacid addition period. After all the thioacid had been
charged, the reaction  mixture was held for one hour at 82 - 84C. When the
one-hour cook was  finished, the batch was vacuum stripped for thirty
minutes. The reaction 11 mixture was then filtered and diluted with process
oil to give the finished  product - the standard zinc
dialkyldithiophosphate (ZDDP) sample. [0043] The table below compares the
VW AK 6 505 test results for  ZDDP samples prepared by adding P2O5 to P2S5
to the standard ZDDP  sample. ZDDP Sample prepared byTensile adding P2O5
toStrengthElongationHardnessCracks P2S5P2S5:P2O5(8.0 min160
min(Report)YINPass/Fail Sample 1568.718671NPass Sample 2569.119374NPass
Sample 32058.918570NPass Sample 42058.417671NPass Standard NA7.314273YFail
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 P2O5 in MIBC to the standard ZDDP  sample.
ZDDP Sample Tensile  prepared by P2S5:P205Strength Elongation Hardness
Cracks Pass/Fail dissolving (8.0 min(160 min(Report)YIN P2O5 in MIBC Sample
1539.218171NPass Sample 2539.318271NPass Sample 3539.58.770NPass Sample
41948.716971NPass 12 Standard ZDDP NA 7.2 135 



72 Y Fail [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 What is claimed is: 1. A
method for producing a thioacid useful in the production of zinc
dialkyldithiophosphate, said method comprising the steps of: initiating a
reaction by introducing a mixture of P2O5 and P2S5 to a solution
comprising methyl isobutyl carbinol and isopropyl alcohol; maintaining said
reaction in a temperature range while adding said mixture of  P2O5 and P2S5
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; 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 P205 and P2S'5  comprises, on a weight basis, from about 35 to
about 400 parts P2S5 to about 1 part  P205. 5. The method according to
claim 1 wherein said solution comprising methyl isobutyl carbinol and
isopropyl alcohol is an equimolar solution. 14 6. A thioacid produced in
accordance with the method of claim 1. 7. A method for producing a thioacid
useful in the production of zinc  dialkyldithiophosphate, said method
comprising the steps of: initiating a reaction by introducing P2S5 into a
first solution; maintaining said reaction in a temperature range while
continuing to add said  P2S5 to said first solution so as to form a slurry;
diluting said slurry by adding additional said first solution 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. 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 P205; 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 12. A method for producing a zinc dialkyldithiophosphate solution
comprising zinc  dialkyldithiophosphate, said method comprising the steps
of: providing a thioacid; sparging said thioacid with nitrogen until said
thioacid tests negative for H2S  with lead acetate paper; neutralizing said
thioacid by dosing said thioacid into a zinc oxide slurry at a  temperature
within a first temperature range so as to form a reaction mixture;
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 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. 16 16. A lubricating oil comprising a zinc dialkyldithiophosphate
produced in accordance with the method of claim 12. 17. An engine
lubricated with the lubricating oil according to claim 16. 18. A
transmission lubricated with the lubricating oil according to claim 16. 19.
An engine comprising a zinc dialkyldithiophosphate produced in accordance
with the method of claim 12. 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 P2O5 and P2S5 to a solution  comprising methyl isobutyl carbinol
and isopropyl alcohol; maintaining said reaction in a temperature range
adding said mixture of P2O5  and P2S5 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 H2S  with lead acetate paper; 17 neutralizing
said thioacid by dosing said thioacid into a zinc oxide slurry so as  to
form a reaction mixture; 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 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. 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 P205 and P2S5
comprises, on a weight basis, from about 35 to about 400 parts P2S5 to
about 1 part 



P205. 25. The method according to claim 21 wherein said solution comprising
methyl  isobutyl carbinol and isopropyl alcohol is an equimolar solution of
methyl isobutyl  carbinol and isopropyl alcohol. 18 26. The method
according to claim 21 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. 27. A zinc dial kyldith iophosphate produced
according to the method of claim 21. 28. An oil additive package comprising
a zinc dialkyldithiophosphate produced 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. A transmission lubricated with
the lubricating oil according to claim 29. 32. An engine comprising a zinc
dialkyldithiophosphate produced according to the method of claim 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 P2S5 into a first solution; maintaining said
reaction in a temperature range while continuing to add said  P2S5 to said
first solution so as to form a slurry; 



19 diluting said slurry by adding additional said first solution 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 H2S  with lead acetate paper;
neutralizing said thioacid by dosing said thioacid into a zinc oxide slurry
so as  to form a reaction mixture; 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 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. 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 P2O5; 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. 20 37. The method according to claim 34 additionally
comprising the step of: isolating said thioacid by filtering said dilute
slurry. 38. The method according to claim 34 wherein said zinc oxide slurry
is formed, on a  weight basis, by a method comprising the step of: adding I
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. 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. 21 


