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i mprovenents all owed faster conversion rates, better cl eani ng
procedures, and addition of other nmetal ions such as zinc, manganese,
or nickel etc., to achieve an iron- phosphate coating with a

bi -nmetallic el ement such as zinc- phosphat e or nmanganese phosphate.
These bi-netallic phosphat e surfaces gave different properties which
enhanced t he useful ness of MEFBOPr QR - PRERARENG: IRON-PHOSPHATE There is
much literature on phosphat|2|ng, ined in patents issued
on phosphati ng processes. d&ﬁiﬁ§*ﬁ@¥Aﬁ“§f§F@§uNe presented abstracts
of 522 patents issued on phosphati zi ng processes.

| ron/ phosphate surfaces and their derivatives becane
BACKGROUND OF THE INVENTION

Iron/phosphate conversion surfaces were first
discovered in 1869 in England and a Patent was granted
under the English Patent Laws. There then followed a
series of improvements on the basic process. These
improvements allowed faster conversion rates, better
cleaning procedures, and addition of other metal ions such
as zinc, manganése. or nickel etc., to achieve an iron-
phosphate coating with a bi-metallic element such as zinc-
phosphate or manganese phosphate. These bi-metallic
phosphate surfaces gave different properties which
enhanced the usefﬁlness of the iron-phosphate surface.

There is much literature on phosphatizing, mostly
contained in patents issued on phosphating processes. in
1969 METAL FINISHING presented abstracts. of 522 patents
issued on phosphatizing processes.

Iron/phosphate surfaces and their derivatives became
one of the most widely used surfaces for industrial
applications in the world. The iron/phosphate conversion
surfaces have excellent keying points for retention of
paints and are widely used as an undercoat for paints in
truck and car bodies, file cabinets, shipping containers,
and many other uses as a paint undercoat.

Additionally, the iron-phosphate surface provides
excellent corrosion protection to prevent oxidation of

steel parts. The iron phosphate surface has a lower co- -
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protection to prevent oxidation of steel parts. The iron phosphate
surface has a | ower co- W 96/ 26304
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friction than steel, and provides dry film | ubricity on noving and
sliding steel parts. The surface al so has excellent retention of oi

properties which eff:‘aﬂmtceft friteion mnngteelecan@fpmwiﬁes dry film
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conversion to occur .aléo has excelleht Fevvstion bicofl tpidpdrtiles whegRration

of the netal
enhance the lubricating effect of oils.

The application technique of a phosphating line
include baths for removing all soils and oils from the
steel surfaces in order for the conversion to occur. It
is well known in the art that the preparation of the metal
surface, pa;ticulérly the removal of oils, is required in
order for the conversion process to occur. A brief
description of a phosphatizing system consists of a hot
alkaline bath to remove oils, a rinse tank, then an acid
bath to remove oxidation, a rinse tank, then an acid bath
to remove oxidation, a rinse tank, then a phosphatizing
tank maintained at an elevated temperature. Phosphatizing
is a lengthy process with strictly controlled parameters
throughout the operation in order to achieve the desired
surface.

Many of the small parts in internal combustion
engines have been given iron-phosphate conversion surfaces
such as cams, tappets, piston rings. Phosphatizing of
these parts did not achieve universal acceptance in the
automotive or other industries due to the added costs.

Organic phosphate compounds have also been widely
used as additives in lubricating oils to impart EP
(Extreme Pressure) properties to oils. It has been
demonstrated that some of the organic phosphates had, over
time, burnished into gears and other metal moving parts

and have provided good metal protection. This burnishing
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lubricity. A whole range of compounds have been used,
including PTFE (TEFLON TM of DuPont) molybdenum di-sulfide
compounds, halogenated hydrocarbons, and colloidal
suspensions of metal salts of lead, or copper or zinc.

All of these additives either were ineffective or created
problems within the engines that were supposed to benefit
from the additives. The most widely used additive, PTFEs
and their isomers, have been widely discredited in several
scientific studies. Molybdenum di-sulfides presented
problems with fouling of oil filterxrs. Lead was a very
effective additive; however, the toxicity of lead and
severe environmental problems precluded lead’s further use
as an additive. Halogenated hydrocarbons present
environmental problems and can create corrosion problems
in engines.

Race car drivers spend thousands of dollars per
engine to increase horsepower for better performance. The
addition of 1 or 2-horsepower to an engine is, in many
cases, the difference between winning a race and being an
also ran. To accomplish any increase in horsepower,
engines are disassembled then may be chrome plated, or
ceramic lined, or have other type of metallic surfaces
applied to moving parts to reduce friction. Such

treatments are very expensive and can cost thousands of
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performance of lubricating oils. A process which would
achieve an inexpensive iron/phosphate surface,
specifically by achieving an iron/phosphate surface in the
completed machinery engines, would be extremely valuable;
for instance an internal combustion engine will have over
200 parts in cams, lifter, cylinders, timing chains. By
applying a friction reducing surface to the parts internal
combustion engine race car drivers enhance horsepower,
fuel usage and better cooling of the engine.

In U.S. Patent 4,533,606, the inventors describe a
novel process for obtaining a zinc/phosphate surface, by
electro-depositiorn, on all conductive substrates. 1In U.S.
Patent No. 5,310,419, the inventors describe methods of
preparing novel, water based inorganic polymeric complexes
which would have wide utility in many areas including
electroplating of metals. One of the complexes described
was a phosphate/nitrogen/potassium and/or sodium
inorganic, polymeric water complex that could be used to
electrolytically deposit gold and silver on conductive
substrates a theretofore unknown phenomenon. It was also

observed in U.S. Patent 5,310,419 that this
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S, xes, etc., would result in enhanced per
gﬁSPécteriéY?géﬁégf t he equi pnment. The enhanced pgrfﬁgﬁgﬁﬁgﬁﬁguld
result fromthe reduction of friction, t her eby reduci ng energy
consunption, and enhancing the performance of lubricating oils. A
process which woul d ' achi eve an inexpéﬁ%Fve I ron/ phosphate surface,
specifically by achieving an iron/phosphate surface in the conpl et ed
machi nery engi nes, woul d be extrenely val uabl e; for instance an

i nternal conbust phesphgtetnitidgendpotesgium inorgzed ciwateri complex Hadter,
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In U S Patent 4,533,606, the inventors describe a novel process for

obt ai ni ng a zi ncPyeeebAbizing metads sprough aw|aic katieyouldi BoL egrux |
conductive SUbStEﬂ#Sﬁ'oifyLéé§face. Patent No. 5,310,419, the inventors
descri be met hods © preparing novel, water based inorganic polyneric
conpl exes whi ch Iopifin vy eaMiedpettiitneht Yo ntleaenaivads of N6 L df 1gm
el ectroplating of netals. One of, the conpl exes descri bed
metal the following occurred:
phosphate/nitrogep/potassium inorganic polymeric water
complex was prepared and stopped at a pH approaching 7. A
polished 1010 steel rod, 1/4 x 3", was immersed in 18 API
gravity black crude oil. The rod was then immersed in a
clear glass bottle that contained the electrolyte. The

next morning, 18 hours later, the oil had been completely

removed from the polished peg, and the steel peg had
acquired a characteristic grayish black phosphate.
appearance. This charécteristic color was indicative of
an iron/phosphate conversion surface. The steel peg was
withdrawn, thoroughly wiped with a paper towel, rinsed and
dried. The surface was still present and could not be
removed by the classic fingernail and scotch tape tests
for coating adherence. An ohmmeter reading indicated that
the steel peg would not support a current; again, a
further indication of an iron/phosphate surface. The
presence of the iron-phosphate surface was indeed
surprising. This was the first indication that an iron
phosphate surface could form through an oil barrier.

Two inorganic polymeric water complexes were prepared
as described in U.S. Patent 5,310,419 in open reactors as

follows:
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the property of being able to renove oils from steel. Literature on
phosphati zi ng teaches that such

phosphati zing netals through an oi
bath woul d not occur on an oily surface- 6 - I n runni ng an
experinment on the renoval of oil from netal the follow ng occurred: A

phosphat e/ ni t r ogen/ pot assi um i norgani ¢ pol ynmeric water conpl ex was
prepared and stoppqu—at—a prapproacmmg 7. A QUANDPOTY >ned 1010 Steel

rod, 1/4 x 3"3 was fi mmersed in 18 API gravity black crude oil. The
rod was then imerded I1n aITEM clear] gl assCOMPLER t hat jcont ai GCOMPLER
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AMMONIA HYDROXIDE 1000 ML 1000 ML
"POTASSIUM HYDROXIDE 1000 ML -

SODIUM HYDROXIDE - 800 ML
DEIONIZED WATER 1000 ML 1000 ML
PHOSPHORIC ACID 75% 1000 ML 10600 ML

adding one liter of ammonia hydroxide to a reactor
vessel; adding thereto one liter of potassium hydroxide
to obtain a pH of 14i; mixing in a separate vessel one
liter of deionized water with one liter of 75% phosphoric
acid to obtain a pH of about 0; and then rapidly adding
the phosphoric acid to the ammonium-potassium mixture at
a rate to create a highly exothermic reaction; stopping
the reaction at a pH approaching 7. This inorganic
polymeric water complex solution #1 was used for further
experimentation. Inorganic polymeric water complex
solution number two was prepared in the same manner using

sodium hydroxide for use in further experimentation.

EXPERIMENT I
A polished 1010 steel peg, as above, was immersed in
18 API gravity black crude and then immersed in a clear 4
- ounce bottle of inorganic polymeric water complex
(Solution) #1. Temperature was 72°F. Again, the oil was

removed and an iron-phosphate surface was present after
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EXPERIMENT II -

A piece of 1010 steel plate, %"x2" was immersed in
crude oil and placed in a clear 4 ounce bottle with
Solution #2. Temperature was 72°F and at the end of 18
hours the characteristic iron-phosphate surface was

present on the metal.

EXPERIMENT IIX
A standard, polished Timken bearing was immersed in
crude and placed iﬂ a clear bottle containing Solution
#1. Temperature was ambient. In less than 12 hours the

bearing had an iron-phosphate conversion coating.

EXPERIMENT IV

An emulsion was created by mixing together 2 ounces
of Exxon Uniflo motor oil with 2 ounces of Solution #1,
and shaking vigorously until the oil/water was completely’
emulsified. A polished Timken steel bearing and a
polished 1010 steel rod were then immersed in the
emulsion. There was a slow evolution of hydrogen on the
metal surfaces an& a darkening of the metal concurring
indicating the conversion process was occurring. The
phosphate conversion was visible and occurred over a
period of three hours.

These experiments were conducted to validate the
surprising, heretofore unknown phenomena, that an

iron/phosphate surface would occur in the presence of oil



SCLUTI ON ONE SCLUTI ON TWO AVMONI A HYDROXI DE 1000 ML
1000 ML POTASSI UM HYDROXI DE 1000 M__ SODI UM HYDROXI DE

800 ML DEI ONI ZED WATER 1000 ML 1000 M
PHOSPHCORI C ACI D 75% 1000 M- 1000 M- addi ng one

lsiter of ammoni a hydroxide to a reactor vessel ; addi ngr&m
liter of potaggq dr oxi de to obtain a pH of 14[err in a
separate vessel one liter of deionized water with one liter -of 75%

phosphoric acid to obtain a pH of about 0; and then rapidly adding

t he phosphoric acid to the amoni um pot assi unt® xture at arateto
create a highly exotherm c reaction; stopping the reaction at a pH
approaching 7. This inorganic pol ynmeric water conplex solution #1 was
used for further and thaeroikrtatldmctuadigabe cuged yawerd camtier CoFpths
sol uti on nunber tmoﬁﬁaﬂpgre ared .in the _sane nanner usi ng sodi um

hydr oxi de for use i £§ W khe metkad: pyrface

EXPERI MENT | ' Fuft Y | SR iHeh@ sSkePe PRén -EhdRAWR uging | ger sed
in 18 APl gravity bl ack crude and then imersed in a clear 4

ounce bottle of inoFghexclybricity Temtear toorphekhe ASTM Standard Timken
Bearing tests with standard motor oils. Pennzoil 10W40
and Exxon Unifloc 20W50 were selected as the standard
motor oils. Standard Timken bearing blocks and rings
were used. The test procedures consisted of putting the
standard weight motor oils in the reservoir;
inserting the bearings in a holding arm; the bearing was
then held against the rings by a fulcrum that forced the
bearing against the race rings; turning on the testing
machine at a speed of 1,200 RPM; then incrementally
adding two pound weights to the fulcrum until friction
*locked up” the test specimens. The scars created by
friction were thén measured in millimeters (mm) and
compared with a published chart. The chart correlates
pounds of weight added to the fulcrum with the length of
the scar in mm on the bearing that gives a calculated .
weight bearing load in pounds per square inch (PSI} of

pressure.



(Solution) #1. Tenperature was 72[err]F. Again, the oil was renmoved
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EXPERI MENT | | A piece of 1010 steel plate, 1/2"x2" was imersed
I:n o%éReidy! and placed in a clear 4 ounce bottle Sol ution
#2. Tenpe?gture was 72[err]F and at the end of 18 }¥§T&?%9EPS
characteristic iron-phosphate surface was present on the netal.

EXPERI MENT | I | A standard, polighed Tinken bearing was imersed
I n crude and placed in a clear bottle containing Solution #1.
Tenperature was anbient. In less than 12 hours the beari ng had an

i ron- phosphat e conversi on coati ng. ExpER v

Ten ml of the Pennzoil 10W40 were placed in the
reservoir of the Falex tester. A standard Timken bearing
was inserted in the holding clamp and placed against the
race. The Tester was turned on and two-pound weights
were added incrementally on the back of the fulcrum.

When the third weight was added, the machine locked up
and was turned off. The bearing was extracted and the
scar observed and measured. The scar was 8 mm in length
indicating a load carrying capacity of Pennzoil of

approximately 4500 PSI.



EXPERI MENT |V An enul sion was created by m xi ng together 2 ounces

of Exxon Uniflo notor oil with 2 ounces of Solution #1, and shaki ng
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Tfnken steel bearing and a pol i shed 1010 steel rod were then i mersed
IR the eq%§%¢%#%ﬂhere was a sl ow evol ution of hydrogen on the

nmetal surfaces arkeni ng of the metal concurring iﬁﬁyvﬁppﬁﬁsthe
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and occurred over a period of three hours, These
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holder the scar rotated 90° from the race. The oil
present in the reservoir was used. The machine was
turned on. Two ml of the inorganic polymeric water
complex (solution) was added to the oil in the reservoir
and an emulsion formed. The bearing was placed against
the race and the machine was turned on. After one minute
two-pound weights were added incrementally until a total
of.12 pounds of weights had been added tc the fulcrum.
The machine was stopped and started under full load. . The
machine was then stopped and the bearing and the race
were examined. The scar on the bearing was measured at 1
ml., indicating a load carrying capacity of 427,000 PSI.
There was a characteristic iron/phosphate surface on the
portion of the bearing which had been immersed in the
emulsion. The race was wiped with a cloth and the
characteristic iron/phosphate surface was present on the
race surface. This experiment demonstrated not only that
the iron-phosphate surface, contrary to all known
literature, could be formed in the presence of oil, but

that the oil itself took on super lubricating properties.



Fal ex Lubricity Tester to run the ASTM Standard Ti nken Bearing tests

Wi th_standard nmotor oils. Pennzoil _10WI0 and Fxxon Uniflo 20Ws0 were
sel ected as the standard notor oils. Standard Ti nken bearing bl ocks
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the testing machi ne at a speed of 1,2?? RPM then incrementally
addi ng two pound weights to the fulcrumunift friction "l ocked up"
the test specinens. The scars created by friction were then neasured
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EXPERI MENT V Ten m of the Pennzoil 10MO_were ced gg
degrees, where an iron/phosphate surface w s orme

The bearing was then placed against the race and the
machine started. Two-pound weights were added
incrementally until a total of 14 pounds of weight were
on the fulcrum.'The machine was stopped and started
several times under the full load. The bearing was
extracted and examined. The scar was less than 2 mm

- indicating azweight carrying léad of 500,000 PSI for the
oil when the iron-phosphate film was present on the
moving metal parts. This experiment shows that once the
iron-phosphate surface forms, that it is permanent
surface for reducing coefficient of friction so
drastically that an ordinary motor oil which could only
carry 4500 PSI of weight is converted into a super
lubricant. |

It was postulated that the reduction in friction

caused by the iron-phosphate surface would cause a
significant reduction in heat in intermal combustion
engines which would translate into increased engine life,
increased energy efficiency by increasing the miles per

gallon, and a longer lasting lubricant life.

ExpERIMNENT VIII
The pH of inorganic polymeric water complex
(solution) #1 was adjusted by adding 10 ml of 75%
phosphoric acid to 10 ml of the #1 to arrive at a pH



reservoir of the Falex tester. A standard Tinken bearing was inserted
in the holding clanp and placed against the race. The Tester was
t'urned on and two- pound wei ghts were added increnentally on the back
of the ful crum When the third wei ght was added, the machine | ocked up

and was turned e bearing was extracted and the scar rved

and neasur ed. fﬁ%aﬁﬁig was 8 nmin |length I ndicating a |§§Hﬁ§§ﬁP§th
capacity of Pennzoil of approxi mately 4500 PSI. WO 96/ 26304

PCT/ US96/ 02935 -10-

EXPERI MENT VI The bearing used in EX1?7 was reinstalled in the
hol der the scar rotated 90[err] fromthe race. The oil present in the
reservoir was used. The machi ne was turned on. Two nml of the

i norgani ¢ pol ymeri c hekaw 3. Freshpimekof sollitwasm plagedadetiheoteseeni| in

the reservoir ALALST! & B2al0hgClas Pl i ¢ntPRohbag cdnd 9 LSt
machine turned on. Two ml of pH 3. soclution was added to
the o0il and an emulsion formed. Then eight two-pound
weights were added incrementally to the fulcrum. After
two minutes the tester was stopped. Trace and bearing
were examined. Both parts had a dark, denser iron-
phosphate surface when compared with the 7 pH solution.
The scarring effect was roughly the same, with a 1 mm
scar on the bearing. This experiment indicates that by
varying pH readings denser iron-phosphate surfaces can be
achieved. An analysis of the surface is reported on
Exhibit I.



t he race and the machine was turned on. After one m nute t wo- pound
melgth_MELe_added_;ngLennntalIy until a total of 12 pounds of wejghts

Had been added to the ful crum The machi ne was stopped and started
under full |oad. The machi ne was then stopped and the bearing and the
race ¥ok5s3gscam ned. The scar on the bearing was nmea

m., i ndi‘gatl ng a |l oad carrying capacity of 427,000 PSI féf‘lﬁﬂ%@?g&e was a
characteristic iron/phosphate surface on the portion of the bearing
whi ch had been i mersed in the enul si The race was wiped with a
cloth and the characteristic iron/ph phate surface was present on the
race surface. This experinent denonstrated not only that t he

i ron-phosphate surface, contrary to all known literature, could be
formed in the presence of oil, but that the oil itself took on super

| ubricating properties. WO 9L &8 30
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EXPERI MENT VI | Ten ml ofhSoletkonoif2 wees addjemted ©d ai pHabelldwexh oi |

s then B Afiing' 10”51 S3°7¥9 phosphorie acld ¥8°160h " S¢ #2.
Then one milligram of zinc oxide was dissolved in the
inorganic polymeric water complex. Ten ml of fresh oil
was added to the test reservoir. A fresh Timken bearing
was used and the machine was turned on. Two ml of the
zinc phosphate inorganic polymeric water complex was
added to the oil and an emulsion formed. A total of 18
pounds of weights were added incrementally to the
fulcrum. The machine was operated for two minutes and

" then turned off. The bearing and the race were then

wiped clean of oil and examined. The scar of the bearing
was calculated to be one mm. The surface showed a
definite zinc-phosphate surface with a bright, burnished
clear surface on the scar. This experiment demonstrates
that metal ions could be incorporated into the inorganic
polymeric water complexes and be co-deposited on metals
through an oil reservoir. This lead to the postulate
that other metals could be co-deposited using the newly
discovered method of depositing surfaces on sliding metal

parts using an oil reservoir.



degrees, where an iron/phosphate surface was had forned. The bearing
was then placed against the race and the machi ne started. Two-pound
viei ghts were added increnental [y until a total of 14 pounds of wei ght
wer e on the fulcrum The machi ne was stopped and started

several tines r. the full |oad. The bearing was extrac

exam ned. The ?@g | ess than 2 mm I ndicating a meigﬁvh?g?aegﬁb

| oad of 500,000 PSI for the oi |l when the iron-phosphate film was
present on the noving netal parts. This experinent shows that once

t he I ron- phosphate surface forns, that i T1%3 per manent surface
for reducing coefficient of friction so drastically that an ordinary
notor oil which could only carry 4500 PSI of weight is converted into
a super | ubri cant. It wasﬂpmmﬂatred that the reduction

in friction caused he iron- hate S a
significant reduction in ﬁ‘é%to"ilhceﬁ r:\" Es%ﬁsﬁ?ﬁerw%&% #Z’glpvxﬁl ch
woul d translate into(s8Laeeed N Gidie donbined withi Bbwresesl oBemsgy

efficiency by increasing the nles per gallon, and a | onger |asting
| ubricant life. phosphoric acid to achieve a B‘(FE?@-WEI\?T v/Jen mg of

2 ubted by adding 1HOSYORrE S Sad Wheived, 1o cheClatbqig bfiheric,

to arrive at a pH water complex. A piece of 12 gage 1010 steel, 1"x3" in

surface, was immersed in the solution for 10 minutes and
extracted. A new surface was present on the metal. A
propane torch waé ignited and the flame tip was held
against the metal. éurprisingly, the thin piece of steel
did not burn through as would be expected; instead the .
purplish characteristic color of molybdenum appeared on
the surface. The metal piece could be held by hand away
from the flame, indicating superior heat dissipation.

The results of this experiment were very surprising.
First, molybdenum is a refractory metal and cannot be
electroplated in its pure state. Molybdenum can only be
electrolytically co-deposited. Thus, to find molybdenum
present on the surface of steel without the use of
applied electromotive force is not taught in the
literature. The benefits of a co-deposited
phosphate/molybdenum surface on metal parts in internal
combustion engines can be speculated. Molybdenum has a
very low coefficient of friction, is an excellent
corrosion inhibitor in a reducing atmosphere such as an
oil reservoir, has superior heat dissipation properties,
and is widely used as a dry film lubricant. All of these

 known properties of molybdenum would enhance performance

of internal combustion engines, resulting in reduced
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-12- below 3. Fresh notor_oil was placed in the tester

reservoir, a bearing was placed in the hol der and the machi ne turned
an. Two m of pH 3 solution was added to the oil and an emul sion

formed. TomyeeRksgt two-pound wei ghts were added i ncCipiyRizbddabias t O the
fulcrum After two mnutes the tester was stopped. Trace and beari ng
wer e exam ned. Both. parts had a dark, denser iron- phosphat e surface
when conpared with the 7 pH sol ution. _,dhe scarring effect was roughly
the sane, with a 1 nm scar on the beafring. This experinent indicates
t hat by varyi ng pH readi ngs denser iron-phosphate surfaces can be
achi eved. An analysis of the surface is reported on Exhibit 1.

VWO 96/ 2634 friction, heat dissipation and corrqsipn g¥yotgssion.

EXPERIMENT XI -

A bottle of canola oil was purchased from a local
store. Canola oil has some lubricating properties, but
does not have the standard additive packages that go into
motor oils, such as surfactants, corrosion inhibition, EP
additives, etc. Thus, the dry film lubricating
properties of the molybdenum could be tested without the
beneficial properties added to motor oils. Ten ml of
canola oil was placed in the Falex reservoir, a new
Timken bearing was installed in the holder and the
machine turned on. Two ml of inorganic polymeric water
complex (solution) from Experiment IX were put into the
oil and an emulsion formed. . Six pounds of weights were
added to the fulcrum incrementally and the machine was
operated for two minutes. The race and the bearing were
examined and a coating with dark purplish hue was present
on the surface of both parts. A scar of 1 mm was
measured, indicating superior lubricating properties.

The reservoir was then emptied of oil and fresh canola
oil added to the reservoir. The bearing was then placed
against the race and the machine started. Eighteen
pounds of weights were added incrementally to the
fulcrum. The machine was run for three minutes. At no
time was there any indication that the canola oil would
break down. The temperature in the oil reservoir did not
rise above 150°F, indicating an almost total absence of

friction on the sliding parts. The bearing was



-13- EXPERI MENT | X Ten m of
Solution #2 was adjusted to a pH_below 3 by adding 10 ml of 75%

phosphoric acid to 10 ml of #2. Then one mlligram of zinc oxide was
di ssolved in the i norgani ¢ polyneric water conplex. Ten m of fresh
ai | was_add to the test reservoir. A fresh Tinken begrj

was used and I ne was turned on. Two ml of the ?Fh@g%ﬁ%gghate
i norgani ¢ polynmeric water conpl ex was added to the oil and an

enul sion forned. A total of 18 pounds of_ wei ghts were added
increnental ly to the ful crum The machi 9 Was operated for two

m nut es and then turned off. The bearing and the race were then

wi ped cl ean of oil and exam ned. The scar of the bearing was

cal cul ated to be onextractéd, stkdaned sindwsteascar meaklired a¢ 2ess- phasphat e
surface with a bright, burnjshed . Clear surface on the r. i
experiment denonst r 8'eS* an:.l°a‘ftﬁ.ﬁr%ﬁ% CFBHEE%%UPH %c?%c&%§§8f8§gi EFS
the inorganic ABOLYAB1 4 CoiBiifis GOMRaBX earePind Ccaaditno Y aJo00 PBEAI S
through an oil reservoir. This lead to the postulate that other

metal s coul.d be co- 8bpodi 0@ Lingrease iFedpd carrying dey diaga¥ddhod of

depositing surfaces @0 3hifiPfe "B ¥ne formacR8h' S CAL%A) Atn HRIGHURKGM-

phosphate surface on the metal.

- ExperiMEwT XII

Two ounces of inorganic polymeric water complex
(solution) #2 was adjusted to a pH below 3 with
phosphoric écid. 10 grams of ammonium paratungstate was
dissolved in the solution. A new Timken bearing was
installed in the holder and the lubricity tester was
turned on with Exxon Uniflo in the reservoir. Two cubic
inch of tungsten phosphate inorganic polymeric water
complex was added to the reservoir, an emulsion formed,
and 10 pounds of weight were added to the fulcrum. The
machine was run for three minutes under load and then
turned off. The surfaces of both the bearing and race
were examined and the scare measrued at less than 2 mm.
The scar was brightly polished, had a mirror finish
approaching that of rhodium. This experiment.indicaﬁes
that other refractory metals can be used to form bi-
metallic surfaces using an oil reservoir as the carrying

agent.
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-14- EXPERI VENT X Two ounces af

i‘norgani ¢ polymeric water conpl ex (solution) #1 was conbined with 2
ounces of 75% phosphoric acid to achieve a pH below 3. Ten ng of

nol ybdi ¢ agj di ssolved in the inorganic polyneric ﬁ@&ﬁﬁ%gonplex.
A piece of%%gﬂ%ggg 1010 steel, 1"x3" in surface, wangﬁnerse in the

solution for 10 m nutes and extracted. A new surface was present on
the netal. A propane torch was ignited and the flame tip was held
agai nst the netal: Surprisingly, the thin pt¥te of steel did not burn
t hrough as woul d be expected; instead the purplish characteristic

col or of nol ybdenum appeared on the surface. The netal piece could be
hel d by hand away fromthe fl ane Exesrideet XBIZIsuperi or heat

di ssi pati on. I tg.of this experinent were yery..
surprising.  Fi r & ,1% &%@ghuﬁi‘%e Q%?K'ﬁ&}‘{ﬁﬁ«r&l &n Eéﬁﬁﬁ?‘ef)e
el ectropl ated in érgindirdhds 1aks 00bbhy PES NG G &iYihed®as chosen as a

el ectrolytically co-deposited. Thus, to find nol ybdenum present on

the surface of stkst wehisle.t hhgsengine contained & miaxtsr ofiolvbe oblce
Is not taught in e . . diter e..The benefits. o 3 sLie
phosphat e/ nol ybde%?n“élulr &8 rogaﬁé#él bBa?'f%ﬂ"f‘P%?ﬁ aarlsfalcglgglggggn%%s |60n
engi nes can be speps ket tHd lprdeBuUB BRS Wonth period. A total of 8

ounces of the zinc/phosphate inorganic polymeric water

complex (solution) #1, adjusted to a pH of 3, was added
to the oil crankcase while the engine was running. There
was a noticeable decrease in the sound level of the
engine within two minutes. The MPG average was then
calculated over a period of 10,000 miles of driving. The
MPG obtained by the vehicle now reached 42.4 MPG, an
increase of 18% in fuel economy, a significant savings.
The oil and filter were changed after 12,000 miles. The-
car continued to average approximately 42 MPG indicating
a permanent, friction reducing film on the engine parts.
It is well known that the presence of water in engine oil
has a deletrious effect on the oil. Amounts of 1/10th of
1% in lubricating o0ils will usually cause engine failure.
Thus, the fact that the engine did not seize, but
actually enhanced the performance of the engine was not

obvious and very surprising.

EXPERIMENT XIV
A lawn mower, with a 4 cycle Tecumesh mower was
used. One ounce of inorganic polymeric water complex
(solution) #1 was used and poured intoc the oil reservoir.

There was an immediate and noticeable decline in the



very |ow coefficient of friction, is an excellent corrosion inhibitor
i'n a reduci ng atnosphere such as_an oil reservoir, has superior heat
di ssi pation properties, and is widely used as a dry filmlubricant.
Al'l of these known properties of nolybdenum woul d enhance performance

of internal cgonbustion engines, resulting in reduced
PCT/ US96/ 02933V0 96126304 - -15- rés

heat di ssi pation and corrosion protection.

EXPERI MENT XI A bottle of canola oil was purchased froma | ocal
store. Canola oil has some |ubricating propert#8s, but does not have
the standard additive packages that go into notor oils, such as
surfactants, corrosion inhibition, EP additives, etc. Thus, the dry
filmlubricating levemroﬁen¢iss.oﬂﬂmhammekybdsnuhencmpekdned(fameéewbthmut
t he benefi ci al Ferties addeq:to nDto oi.ls canol a

oil was placed in tﬁ (Ve S ST it hrgengﬁ,e perl?‘?n@?fﬂ?é’arﬁ%%? in
installed in the hohﬁéraﬁadnEhSE square footage of grass being cut with one

gallon of gasoline was noticed. Normally, one gallon of
gas would cut approximately 20,000 square feet of grass;
with the addition. of the inorganic polymeric water
complex (solution) #1 the amount of grass being cut with
one gallon of gasoline was calculated to be 30,000 square

feet, an increase in efficiency of 50%.

EXPERIMENT XV

A 1988 Chevrolet Suburban was used. The owner had
averaged 13 MPG in city driving and 16 MPG in highway
driving. The vehicle had 112,000 miles of usage on the
engine. Eight ounces of the inorganic polymeric water
complex, adjusted to a pH of 3, and containing molybdic
acid was added to the crankcase. The vehicle was then
drive on two extended trips ¢f over 2,000 miles. The MPG
usage on these trips was approximately 20 MPG, indicating
an increase in energy efficiency of 25%. A drop in
operating temperature from 180°F to 150°F was alsoc a

result of the engine treatment.



machi ne turned on. Two m of inorganic polyneric water conpl ex

(solution) from Experiment | X were_put into the oil and an emil sion
formed. Si x pounds of weights were added to the fulcrumincrenentally
and the machi ne was operated for two m nutes. The race and the

beari ng Weygesmesns €Xan ned and a coating with dark purpl psRubekiasas

pr esent on the surface of both parts. A scar of 1 mm was

measur ed, indicating superior lubricating properties. The reservoir
was then enptied of oil and fresh canol a oil added to the reservoir.
The bearing was then pl aced agai nst the race and the machine started.
Ei ght een pounds of weights were added increnentally to the

fulcrum The machine was run for three mnutes. At no time was there

any indication that the canola oil wouEgeERIMENT ook down. The tenperature

N the oi | reservolr gl fhipluercedes! b3fz286Y8, \ALPIIT 0ot iRkl O he

al nost total absence of ction on Ing parts earing
was WO éngt8Oas treated with 8 ounces of :Lnorganic water

PCT/ US96/ 02935 g tracted,
cl eaned and the EE%P1ﬁ§d§EP§E€£:qpe?spghﬁﬁ 3 and coqﬁﬂ%ﬂlﬂg oLy é&Frying

capactiy in excegsi@f SR UYL PPl was calculated at 18 MPG in city

driving. After 1,000 miles, the MPG average increased to

22 MPG.

EXPERIMENT XVII

A 1982 Cadillac Coupe de Ville with 141,000 miles
registered on the speedometer was used. The engine was
running hot and had difficulty in idling without
stopping. Eight ounces of the inorganic polymeric water
complex (solution) #1, adjusted to a pH of 3 and
containing molybdic acid was placed in the crankcase.
The car was allowed to idle and the temperature within
two minutes and the motor could then idle without
stalling. The coperator reported an estimated 20%

increase in MPG.

ExPERIMENT XVIIX
A 1986 Ford pickup with a 310 cubic inch engine was
used. 8Six ounces of the inorganic polymeric water
complex adjusted to a pH of 3 and containing molybdic
acid was placed in the crankcase. At 60 MPH the
tachometer 1nd1cated a reading of 2,000 RPM; after
treatment the tachometer reading was 1,775 at 60 MPH

indicating a significant increase in horsepower.



As canola oil has a |load carrying capacity of 4,000 PSI, the 1, 000%
increase in load carrying is directly attributable to the formation
of the dry film nol ybdenum phosphat e surface on the netal.

EXPERI MENT XI | Two ounces of inorganic polyneric water conplex

(.sol ution) #2 W@i*%§¥asted to a pH below 3 with phospho&%&nﬁﬁh' s10
grans of anmoni tungstate was di ssolved in the so I-On. new
Ti nken beari ng was installed in the holder and the lubricity tester
was turned on with Exxon Uniflo in the regervoir. Two cubic

I nch of tungsten phosphate inorganic polyneric'aﬁfer conpl ex was
added to the reservoir, an emul sion forned, and 10 pounds of wei ght
were added to the fulcrum The machi ne was run for three m nutes

under | oad and then turned of f. The #xperywe® XXX photh the bearing and

race wer e exam ned nﬁ h re . neasrued_at les h 2 .

The scar was brightly.pol?s %%?ﬁkééﬁéflﬁ%ﬁ%oﬁggiﬁ?§h°3 g ﬁeéﬁ%ﬂﬁéﬁﬁﬁlﬁg t hat

of rhodium This expehewvedlet Hightisrformancehehghber Tiod rétdioley aifel &he

can be used to formbi- metallic surfaces using an oil reservoir as

the carrying %gskt are described in Exhibit II." The results of the
dynamometer test showed a significant increase in
horsepower in a newly rebuilt engine that theoretically
was performing at maximum horsepower. The inorganic
polymeric water complex used was the same as that
described in Experiment XVI. The torque results were
also measured and the test results paralleled the results
obtained on the horsepower charts. These results are

charted in Exhibit II.

EXPERIMENT XX

A 1974 Volkswagen Van with an air cooled motor had
an oil and filter change. A 4 ounce bottle of inorganic
polymeric water complex (solution) adjusted to a pH of 4
was added to the new oil while the engine was running.
After ten minutes the mechanic examined the oil by
pulling the dipstick. The new o0il had changed to a black
tar color and was more viscous than the new oil. The oil
and filter were immediately changed, and the engine was
run for another 10 minutes and reexamined. The oil had
maintained its golden color after 10 minutes and the
mechanic reported that the engiﬁe ran smoother. This
test showed, surprisingly, that an engine could be

cleaned of carbon build up of sludge within ten minutes.
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17- EXPERI NENT X1 | | -—A 1082 | SUZU
Di esel pickup truck with a 4 cylinder engi ne and 145,000 m | es on

t:he engi ne was chosen as a test vehicle. The engine contained 6

guarts of | . The m | es per gallon of fuel | cul at ed
at 36 Wmver the previous two nonth period. A tot%é? 0 o

ounces of the zinc/phosphate inorganic polyneric water conpl ex
(solution) #1, adjusted to a pH of 3, was ggded to the oil crankcase
whil e the engi ne was running. There Was a noticeabl e decrease in the
sound | evel of the engine wwthin two m nutes. The MPG average was

t hen cal cul ated over a period of 10,000 mles of driving. The

MPG obt ai ned by the vehi cl e now r each&XPERIMENT\EXT o, i ncrease of 18%
n fuel econony, 2 ShOpLti&ane WiieMidns tests Werditutth \dder wer e
changed after 12, 000 m car continued to average

appr oxi mat el y 4§aHBlEinedemgaineag to testabpforanand ,aftertremdimepduofng film

on the engine part 1. kno that .t he rese ce of water in
ongine ot PearBon monpelde dihd FranctogRonnenisrio Fesudis n of

1% in lubricati g ehbStdkts éEé“Hddhd%%ﬁ%a Qﬂgtﬁﬁlﬁfﬁ|IEf3 Decrealing (he
fact that the engine did not seize, actual ly enhanced the

performance of the bwdracaxken rﬁmsslons fybmi dntexmal \eombustipn si ng.
' engines is a high national priority of Environmental

Protection Agency. The inorganic polymeric water
complexes used in these tests were the same composition
as that used in Exp. XVI. The ability to reduce
hydrocarbon emissions is less that 15 minutes was
surprising. Reductions in hydrocarbon emissions usually
require extensive mechanical work on the engine. Thus a
new method of reducing emission on vehicles with internal
combustion engines was discovered. A series of test

results are detailed in Exhibit III.

EXPERIMENT XXII

A 1984 Chevrolet Corvette with 82,000 miles was
tested for compression ratios, hydrocarbon and carbon
monoxide emissions and fuel econdmy. The results
obtained a 3.33% increase in compression ratios, a
reduction in carbon monoxide emissions from 0.84% to
0.00%, and reduction in carbon monoxide emissions from
188 PPM to 25 PPM; an increase in fuel economy from 22.6

MPG to 25.5 MPG or an increase of 12%.

The foregoing descriptions of experiments have been

directed to particular embodiments of the invention in



EXPERI MENT XI V A lawn nower, with a 4 cycle Tecunesh nower was
used. One ounce of inorganic polyneric water conpl ex (solution) #1
was used and poured into the oil reservoir. There was an i medi ate
and noticeable decline in the WO 96/ 2634

PCT/ US96/ 02935 - 18- | evel of
noi se. The noW¥P %43 hen operated for several operatimm

t hree week period, and an increase in t he amount of square footage of
grass being cut with one gal l on of gasoline was noticed. Normally,
one gal |l on of gas woul d cut approxi mat el42220, 000 square feet of
grass; with the addition of the inorganic polyneric water

conpl ex (solution) #1 the anpunt of grass being cut with one gall on

of gasoline was cal dddtirdanice WetROtROOPStRY Statutesf aald, fon puticsEe o
efficiency of 50% , . EXPER| MENT. XV
A 1988 Chevrol et SubiipETTAkdonsed. mannkackies angjuse. If,willcbe @pPRgxsith

city driving and 16 JGdseNisk398¥d in the art that many modifications,

changes, and different uses can be obtained from the
described experiments without parting from the spirit of
the invention. It is the intention of the invention to
embrace all such modifications and variations of the

basic invention.

ExarsrT I
I EDAX analysis of the non-wear surface of a Timken
bearing. The bearing from Experiment VIII was examined
at a spot adjacent to the scar on the bearing surface to
determine if zinc and phosphate were present without the
burnishing effect of the contact between the bearing and
the race. The presence of phosphate and zinc was

identified.



driving. The vehicle had 112,000 mles of usage on the engi ne.

ounces of the inorganic polyneric_water conplex, adjusted to a p
3, and contai ni ng nol ybdi c - acid was added to the crankcase. The
vehi cl e was then drive on two extended trips of over 2,000 mles

MPG
an i ncrease 1n

tenperature from 180F to 150[err]F was al so a

treat ment.
PCT/ US96/ 02935
EXPERI MENT XVI

adjusted to a pH of 3 and contai ni ng nmOFXEERRTCII

Ei ght
H of

n these trips was approxi mately 20 MPG pcifisoiiabixd
energy efficiency of 25% A drop in operating

WD 96/ 26304
-23- -19-

. The

result of the engine

. A 1974 Mercedes Benz 300D, with 210,000 mles on
t he engi ne was treated with 8 ounces of inorganic water conpl ex

cal cul ated at 18 NPGI‘f'len rgelééé:ﬁvlféomdg &&Hgmoﬁé{:@f t':lespé)%ﬂﬂé %%’0 EGBJ.MPG

average increased to
EXPERI MENT XVI | inch Chevrolét Xbhiladpeirfor@anpe emgind [mnniath Kithl Bog®

ml es

Racing Engines, Garland, Texas. The engine had been

. broken in during 20 hours running time using Pennzoil

10W30 motor oil. Torque and horsepower were measured
before and the treatment with 4 ocunces of inorganic
polymeric water complex {solution) containing molybdenum
ions. Increases in foot pounds of torque and horsepower
were measured both as to amount and percentage. The
treatment with the inorganic polymeric water complex
produced significant increases in both torque and

horsepower on a newly reworked high performance engine.

Exnisrr III
Results obtained on emission tests performed on six
different vehicles before treatment with the inorganic
polymeric water complex (solution) compared with results
when measured 15 minutes after treatment with the
inorganic polymeric water complex. All vehicles tested
showed decreases in hydrocarbon and carbon dioxide

emissions.

acid. Average MPG was



regi stered on the speedoneter was used. The engi ne was runni ng hot

and had difficulty in idling wthout st oppi ng. Ei ght ounces of the
i-norgani ¢ pol ynmeric water conplex (solution) #1, adjusted to a pH of
3 and cont ai ni ng nol ybdic acid was placed in the crankcase. The

car was allo to idle and the tenperature within t wo_ . nut nd
t he notor coﬂ?’%’fﬁa‘ﬁji dl e wi t hout stalling. The operat Ba'pgﬁ@%sgd an
estimated 20% i ncrease in MPG

EXPERI MENT XVI | | A 1986 Ford prtKup with a 310 cubic inch engine
was used. Six ounces of the inorganic polyneric water conpl ex
adjusted to a pH of 3 and contai ning m)#lbdi C acid was placed in the
crankcase. At 60 MPH the . t achonetHIBHgIcat ed a readi ng of 2,000 RPM
after treatnment the tachoneter reading was 1,775 at 60 MPH
i ndi cating a signi Ff%nt increase in horsepower. . WD 96/ 26304
PCT/ US96/ 02935 ANRSTAS TECHNICAL SERVICES - 20- TUE 20-SEP-94 14147
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o VFS = 4256 10.240
=] MDEC/ FRLEX BERRING TEST/NON-WERR SURFRCE

SEMI-QUANTIRATIVE ANALYS1S: MDEC/ FALEX BEARING TEST/NON-WEAR SURFACE
EL NORM. K=-RATID

AL-K 0.02621 +- 0.00048
P -K 2.33430 +~- 6,00273
K =K 0.06123 +~ 0,00125
CR~K ©.00385 +- 0,00040
MN-K-2.00000 +- 0.20000
FE-K 8.54187 +- 0.00534
ZIN-K 9.02251 +- 0.00149

ZAF CORRECTION 25.00 KV 30.00 Degs

No. of lterations 4
————— K L2l LAl [F1 [ZAF] ATOM.%Z WT.%
AL-K ©.626 ©.971 2.573 0.986 2.466 7.11 4.87 »
F-K 0.334 ©.973 1.6BB ©.997 1.5839 S4.06 42.56¢ »
K -K 0,061 .977 1.421 06.989 1.37% 6.42 6,35 =
CR-K ©.063 1.634 1.073 0.876 ©.973 0.21 2.28
MN-K ©.000 1.052 1.049 0.998 1.142 9.00 9.90 B
FE-K ©.54%f 1.04% 1.039 0.997 1.079 31.82 44.06
IN-K ¢,022 1.6357 1.082 1.000 1.144 1.18 1.94
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EXPERI MENT XI X A dynanoneter test was run on a newy rebuilt
Chewolet high perfargance engi ne.. _The engine and the test are

déscribed in Exhibit II. The results of the dynanoneter test showed a
significant increase in horsepower in a newy rebuilt engine that

t heoreti cal %2 was perform ng at maxi num hor sepower. The ino&ganic

pol ynmeric wat er- conpl ex used was the sane as that d BV P02,
Experiment XVI. The torque results were_gs- al so neasured and the test
results paralleled the results obt ai ned on the horsepower charts.
These results are charted in Exhibit I1.

EXPERI MENT XX A 1974 Vol kswagen Van with an air cool ed notor had
an oil and filter change. A 4 ounceﬁié&é#fZ#g i norgani c pol ymeric

wat er conpl ex (solution) adjusted t 4 was added to the new
oil while the engine was running. After. ten mnutes the nechanic

exam ned the oil by pul l'ing the dipstick. The new oil had changed to
a bl ack tar color and was nore viscous than the new oil. The oi

and filter were i medi ately changed, and the engi ne was run for

anot her 10 m nutes and reexam ned. The oil had mai ntai ned its gol den
color after 10 m nutes and the mechani ¢ reported that the engine ran
snoot her. This test showed, surprisingly, that an engi ne could be

cl eaned of carbon build up of sludge within ten m nutes.

Kim Barr Racing Engines Dynamometer Testing (Before & After

Torque Torque Torgue Torque | Power Power Power Power

(fj) (T} (T (Trq) | Pwn) (Pwr) (Pwn) (Pwr)
b-ft ib-t ib-ft b-ft Hp Hp Hp
Before After  Diff % Diff| Before Afer Diff
3837 3771 134 3.68%| 2077 2154 77

3533 3705 172 4.87%] 2188 2283 10.7
3562 3826 274 T.7M%| 287 255 183

368.7 388.7 18 4.08%| 2633 2761 128
369.8 388.2 §5.25%| 2816 2984 148
3676 381.9 3.89%| 2975 309 115

360.8 376.1 4.24%| 2091 3222 131
354.1 2676 3.81%| 23203 3325 122
3385 353 428%| 3223 3381 138
3233 3348 3.50%| 3232 3345 113
2993 528%| 313.4 18.8
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-21- i _ EXPERI MENT_XXI A series of
em ssions tests were run on used gasol ine engines to test before and
after readi ngs of car bon nonoxi de and hydrocarbon em ssions. The
results of the tests are summarized in Exhibit I11. Decreas

i he hydr ocar P¥R2€26384; ons from i nternal conbustion 9@% 5 hi gh
national priority of Environnental - iz'r ot ection Agency The i norgani c
pol ynmeric water conpl exes used in% ese tests were the sane

conposi tion as that used in ExpEXHWBITMe ability to reduce

hydr ocarbon em ssions is |less that 15 m nutes was sur pri si ng.
Reductions in hydrocarbon eRMISSIONS LESISIMNASOLINE ENGINES ¢ ext ensi ve

rrechar“ Cal MO K ala | a V= - 'll aT2 . ~ . — 7_»'} agciNAa¥aloENal ra¥ak 7" ala 'll i n
on vehiclds with i nt er nal conbustion eNPuBes VS @irsCover ed. A,aarl
of test ; results are detail ed in Exhibi ] Didxide Monoxm Oxygen | carbons

EXPERI MENJ| Ngx| |Model/Engine/Oil ~ Yaar1 g Mileashoyy ol et u 02eR)t o SRF) 82 %’63

tested forf cQMipEmbds’ attiiew. |N¥slirdairn a gaglgon 0.01% 0P s de 9
eni ssi ons fene f;@m&;ono ——tre—r-estht S obtained a 3.33% i ncrease |
conpr essi gn r 3tADiier of reduct i orl Afer_car Bont59%oxi d0-0Mki ssP&M% from 1
0 : h,q,,,
0.84%to f Change ous! 001%| 0.13% s
% Change 0.7% -100.0% | 92.9% -88.9%
|
i 2| Ford F150 Truck | 1979 | 73,550 | Before 13.34% 0.08% 3.27% 37
‘ | 8-Cylinder,
302 cu. in. After 14.22% 0.09%  2.04% 29
Castrol 20-W50
Change 0.88% 0.01% | -1.23% 3
% Change 6.6% 12.5% | -37.6% | -21.6%
3 | Ford F150 Truck | 1988 | 196,602 | Before 10.49% 0.30%  3.27% k1)
8-Cylinder,
302 cu. in. After 11.03% 0.00%  2.04% 29
'{ Unknown
Change 0.54% 0.30% | -1.23% -8
% Change 5.1% -100.0% | -376% | -21.6%
4’| Chev.Pickup Truck | 1977 | 55,250 | Before 13.12% 0.03%  3.54% 2
o) inder.
€. In.
Yot Havolin 40 After 13.69% 0.12% 2.73% 0
Change 0.57% 0.09% | -0.81% 2
% Change 43% 300.0% | -22.9% | -100.0%
5 | GMC Pickup 1991 83,908 | Before 14.93% 0.13%  0.00% bz
Truck, 8-Cylinder
350 cu. in. Alter 14.46% 0.00% 0.00% 7
Unknown .
Change 0.47% 0.13% | 0.00% -16
% Change 3.1% -100.0% 0.0% | -69.6%
" 6 | Chevrolet Corvene | 1984 | 69,357 | Before 10.70% 0.86%  6.27% 188
350 cu. in. _
Castrol Afer 11.89% 0.00%  5.36% 25
086% | 091% -163
-100.0% { -1451% | -86.70%
e
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PPM_—ani 6 LEG Lo PE ARG it peey |-
i'ncrease of 12% I'i@ Mmguﬂﬂﬁﬂm ng descri ptions |of Bgﬁﬁm
have been dlrecte nbodi nents of the/annen

WO 96/ 2630¢0 96126304 PCT/ US96

-22- #o accor dance Mﬁth the Patent Statutes and for purposes %ﬁ
illustration of manufacture and use. It will be apparent to those
skilled in the art that many nndifications changes, and different
uses can be obtained fromthe : destf ! bed experinments w thout parting
fromthe spirit of the invention. It is the intention of the

i nvention to enbrace all such nodifications and variations of the
basi c i nventi on. CLAIMS EXH BIT |

1. A method of forming an iron-phosphate
conversion surface on metal components in a lubricating
environment by using the lubricating medium as the
phosphating bath for obtaining the desired deposit, said
method including the steps of: providing a source of
phosphoric acid; an alkali metal hydroxide, and a source
of reactive NH, groups; forming an inorganic polymeric
water complex by (i) mixing in an agqueous medium said
source of reactive NH, groups with (a) said alkali metal
hydroxide to raise the pH of the solution above 12 to
form an aqueous ammonium/alkali metal hydroxide or (b)
said source of phosphoric acid to lower the pH to about 0
to form an acidic ammonium mixture and (ii) combining
the mixture of step (i) (a) with said source of phosphoric
acid or the mixture of step (i) (b) with said hydroxide
at a rate sufficient to create a highly exothermic
reaction, whereby the reactive NH, groups are contained in
solution during the formation of the inorganic Polymeric
water complex; adding said inorganic polymeric water
complex obtained from step (ii), by pouring slowly into a
lubricating oil; creating an emulsion; and contacting
metal based parts with said emulsion to form an
iron/phosphate conversion coating.

2. The method of claim 1, further including the
steps of: lowering the pH of the inorganic water complex
by the addition of a mineral acid or a carboxylic acid;
pouring said inorganic complex into the oil lubricating

reservoir of engines and motors in machinery and

_
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| EDAX anal ysis of the non-wear-surface-of—a—Tinken beari ng. The

bearing from Experinent VII| ) : __at a spot pqhﬁpg E'FﬂASQﬁEN
scar on the bearing surfaceJdﬁﬂiMlM]maiﬂﬂmte i f zinc and|phos Eﬁre -
present wi thout the b 1 = of the contact Lbetwee ﬁ _
bearing and e race. The presence of phosphate and z

Cdent i fi ed. “'°""‘mv\o 96/ 26304 PRoSP HorrthBenasas

PCT/ US96/ 02935 _ - 23-

EXHBIT II The results froma dynanoneter test on a 350 cubic
inch Chevrolet rebuilt performance engine rutf®t Kim Barr Raci ng

Engi nes, Garl and, Texas. The engi ne had been broken in during 20
hours running time using Pennzoil 10MWB0 nmotor oil. Torque and

hor sepower wvere neeguipment to foyuf encemmiisior t9 dwimshisadid Fodubios esntd
I norgani c

contact with metal parts, thereby obtaining the
iron/phosphate conversion surface.

3. The method of claims 1 or 2 wherein a source of
metal ions is introduced into the inorganic water
complex, either before or after the exothermic reaction,
to form a metal/phosphate/alkali metal inorganic
polymeric water complex.

4. The method of claim 3 wherein the metal ions
are selected from zinc, molybdenum, or tungten.

8. The method of any of éléims 1 to 4 wherein a
water soluble glycol is introduced into the containing
inorganic polymeric water complexes.

6. The method of claim 1 wherein the lubricating
oil is in a reservoir of an engine and said engine is run
to create said emulsion and to contact moving and sliding
parts of said engine with said emulsion.

7. A method for applying a phosphate containing
coating to the interior surface of an internal combustion
gasoline or diesel engine to improve the efficiency of
said engine, said method including the steps of:
introducing into the oil in the crankcase of said engine,
under emulsion forming conditions, an inorganic polymeric
complex formed by mixing, in an agqueous medium, a source
of reactive NH, groups with an alkali metal hydroxide to
raise the pH of the agueous solution greater than 12; and
mixing with the solution an aqueous solution of a source
of phosphoric acid to a pH of about 0, at a rate to

create a highly excthermic reaction, whereby reactive NH,

This Sheet Has Been Replaced




pol ymeric water conpl ex (Solution) containing nolybdenum Lons

| ncreases in faat_pounds (ﬂll‘l)r SDOWE AR
as to ampunt and percentl lﬂﬂl“]mllml r

eatment with thg
pol ymeric water conplex * ¢ pro8lucgd %ignificant increas

and wodgheRpover on a newly reworked high performan

EXHBIT I Results obtai ned on em ssion tests pertorned on siXx
different vehicles before treatment with the inorganic polymeric -
wat er conpl ex (solution) conpared with results : when neasured 15
mnutes after treatment with the “i“or gani ¢ pol yneric water conpl ex.
Al'l vehicles tested showed decreases in hydrocarbon and carbon

di oxi de em Sssi ons. WD 96/ 26304

PCT/ US96/ 0298¥oups are contained in solution duripg.the formation of
EXHBIT | the inorganic polymeric water comnplex.

8. The method of claim 7 wherein the pH of the
inorganic polymeric complex is lowered to about 3 by
adding phosphoric acid prior to introducing the complex
into the crankcase.

9. The method of claims 7 or 8 wherein molybdic
acid is added to the_ complex whereby the coating formed

includes molybdenum.

. This Sheet Has Been Reﬂlaced
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- 2 2 AUG 1997
BACKGROUND OF THE INVENTION .
. This invention relates to a method of preparing

iron-phosphate conversion surfaces and more particularly,

to a method of forming such surfaces on metal components

in a lubricating environment.

Iron/phosphate conversion surfaces were first
discovered in 1869 in England and a Patent was granted
under the English Patent Laws. There then followed a
series of improvements on the basic process. These
improvements.a110wed faster conversion rates, better
cleaning procedures, and addition of other metal ions such
as zinc, manganese, or nickel etc., to achieve an iron-
phosphate coating with a bi-metallic element such as zinc-
phosphate or manganese phosphate. These bi-metallic
phosphate surfaces gave different properties which
enhanced the usefulness of the iron-phosphate surface.

There is much literature on phosphatizing, mostly
contained in patents issued on phosphating processes. 1In
1969 MeTAL FInisHING presented abstracts of 522 patents
issued on phosphatizing processes.

' Iron/phosphate surfaces and their derivatives became
one of the most'widely used surfaces for industrial
applications in the world. The iron/phosphate conversion
surfaces have excellent keying points for retention of
paints and are widely used as an undercoat fdr paints in
truck and car bodies, file cabinets, shipping containers,
and many other uses as a paint undercoat.

Additionally, the iron-phosphate surface provides
excellent corrosion protection to prevent oxidation of

steel parts. The iron phosphate surface has a lower co-
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electro-deposition, on allE¥dnBlubtlive substrates. In U.S.
Patent No. 5,310,419, the inventors describe methods of
prepariﬁg novel, water based inorganic polymeric complexes
which would have wide utility in many areas including
electroplating of metals. One of the complexes described
was a phosphate/nitrogen/potassium and/or sodium
inorganic, polymeric water complex that could be used to
electrolytically deposit gold and silver on conductive
substrates a theretofore unknown phenomenon. It was also
observed in U.S. Patent 5,310,419 that this
phosphate/nitrogen/potassium inorganic water complex had
the property of being able to remove oils from steel.
Literature on phosphatizing teaches that such
phosphatizing metals through an oil bath would not occur
on an oily surface. |

It has long been recognized that an inexpensive

method of achieving an iron-phosphate conversion surface

on all sliding, moving metal parts in engines, pumps,

gearboxes, etc., would result in enhancediperformance

characteristics for the equipment. The enhanced

performance would result from the reduction of friction,

thereby reducing energy consumption, and enhancing the

performance of lubricating oils. A process which would

achieve an inexpensive iron/phosphate surface,

specifically by achieving an iron/phosphate surface in the

co§51eted-machinery engines, would be extremely valuable;:

for instance an internal combustion engine will have over
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Torque Torque Torque Torque Power

(Trq) (Tra)
1b-ft | Db-ft
o ff Before
207.7 215.4
229.3 10.7
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4,250 367.6
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provide an 1nexpens1ve method of achieving an iron-

phosphate conversion surface on metal components in a

lubricating environment and wherein the lubricating medium

is used as the phosphating bath for obtaining the desired

deposit. More specifically, this method includes the

steps of providing a source of phosphoric acid; an alkali

metal hydroxide, and a source of reactive NH, groups;

forming an inorganic polymeric water complex by (i)

mixing in an aqueous medium said source of reactive NH,

groups with (a) said alkali metal hydroxide to raise the

pH of the solution above 12 to form an aqueous

;iduring the formation of the

ammonium/alkali metal hydroxide or (b) said source of

phosphoric acid to lower the pH to about 0 to form an

acidic ammonium mixture and (ii) combining the mixture

of step (i) (a) with said source of phosphoric acid or the

mlxture of step (1) (b) with said hydroxide at a rate

suff1c1ent to create a highly exothermic reaction,

’ < L
‘‘whereby the reactive NH, groups are contained in solution
4

indrganic polymeric water

.:complex; adding said inorganic polymeric water complex

:.obtained from step (ii), by pouring slowly into a

'lubricating 0il; creating an emulsion; and contacting

metal based parts with said emulsion to form an

iron/phosphate conversion coating.

The invention further provides a method for applying
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EXH BIT | I EM SSI ONS TESTS ON GAB

Car bon- Car bon- Hydr o-

Di oxi de Monoxi de Oxygen car bons No. Model / Efgi

M es C2(% CA % 4b 02(% HC( ppm) 1
Ford Bronco Ila phoé@ﬂﬁte5aoﬁialnlﬁgfebatlng to théSifitériorlslit¥ace of
0.14% #=Cytirder; 2 9—tTteT

Af t er 1805806 ernglogopbust ion gagodjne or diesel engineRbgal Purpl e
81&396 igprove the efficiency of safll QHSlne, sa . fi&thod 0'019?0 706
-100. 0% incl afﬁg) D %f: iRtrb@udihd59 u 9 550
efor 8di the 588p8%f: i rbeies Fodntb EKe 011978 t&2.

8- Cyl i nder, crankeasenoflaald englne, under emulsionrformlng 14. 22%

0. 09% 04% itrol 20- VWO ng

0. 88% 0. Olggondltlons,1a§3g@organ1c pglymeric complex formed Y

% Change . 37562 PRSIC S o T o
F150 Truck qus medium; 155 = Flve NH,
3.27% ~ groups W18hChhlaMRall metal3B?d£bx1dé to ralse the pH of
After 14-63% 6—66% 27049

Change phe4aguegugpgplution greatepofhan 12; agd mixing with the
YChange soluélégﬁahlggugg%s solutlon3Zf6£6source o? phosphorlc

acid to a pH of about 0, at a rate to create a highly

- exothermic reaction, whereby reactive NH, groups are

contained in solution during the formation of the

inorganic polymeric water complex.

Further features and advantages of the invention will

become more apparent after consideration of the following

description of preferred embodiments of the invention

taken together with the accompanying Experiments and

Exhibits.



4 . Chew. Pi ckup” Truék 1977 55,250 Before 13. 1@&,&- O %‘é‘éﬂ"’r SHEET
3:54% 2 8- Cyliner 350 cu.in. Texac
"After 13. 69% 0.12% 2.73%
Change 0.57% 0. 09% -0. 81% 2 22 AJG 1997
% Change 4.3% 300. 0% -22. 9% ©100.0% | | B—GMe—
Pi ckup 1991 83,908 Bef ore 1% 93% 0.13% 0.00%
23 Truck, 8- Inlthdecourse ofiﬁﬂhnmngian experiment on the remavagdr
14. 46% 0. 00% Unknown
Change - o@ qy@bfrom,@gpal in the dquyygment of thegpresent
%Change = 0 09 -69. 6% vrol et
Corvette 1984 L e (%é%/noted &%ﬁ é@l&g&lng occurreg 275
188 35 Ebb hite/ﬁiﬁﬁﬁ en/ otaébhu&Q%hor nd@%polymeric watdf%
25 plisep gen/p anggQt b ¥m19%) -0. 86%
0. 91% -qgmplex was preggredand stoppet @t alH approaching- 74. 53%
- 0
Pg'?'/ ngA)G/ 02935pol:.sh Gé %.6(?’10 steel rod, 1/4 x 3", was immersed in 18 API

- gravity black crude oil. The rod Was then immersed in a
clear glass bottle that contained the electrolyte. The |
next morning, 18 hours later, the oil had been completely
removed from the polished peg, and the steel peg had
acquired a characteristic grayish black phosphate
appearance. This characteristic color was indicative of
an iron/phosphate conversion surface. The steel peg was
withdrawn, thoroughly wiped with a paper towel, rinsed and
dried. The surface was still present and could not be
removed by the classic fingernail and scotch tape tests
- for coating adherence. An ohmmeter reading indicated that
the steel peg would hot support a current; again, a
further indication of an iron/phosphate surface. The
presence of the iron-phosphate surface was indeed
surpfising. This was the first indication that an iron
phosphate surface could form through an oil barrier
contrafy to the aforesaid teaching in the prior art.

Two inorganic polymeric water complexes were prepared
as described in U.S. Patent 5,310,419 in open reactors as

follows:
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.;iﬁ7| rmllm)”m l’lHi H””monverm on surfacc;]éAl)nNBrret ;al. co#ponent X, f . {ﬂﬂ; %'ET
LW

envi rennmentt usi ng the lubricating nediumas the phosph bA VY00

obt ai ning the deS|red deposit, said met hod i ncludi ng the 4t dps of:
provi édi ng a source of phosphoric acid; an alkali netal hydgraxi
source of reactive NH2 groups; form ng &7 inorganic pol yngrilc Q‘%\Aé?gﬁ‘???

conplex by (i) mxing in an aqueous mediGLAIMSE d source of |r daetive—N-2—

groups with (a) said alkali dr.oxi de to_rai e .pH of the
sol uti on above 12 t]O' ‘?ﬁtgel?idife rﬁrhrﬁl%ﬂnkeﬂ B nyaroxrde or

(b) sai d souyy g 4t form
an acidic arrm)nl umm E{}gre and‘%a&& q%%‘%)]i %€6ﬂﬁ’he mrgtaa?'ceﬁ%l}&s%te% i)(a)
with said sourgsridforpierap sy ivsingpailkk drubticcat g medifunsteep ttig (b) with

sai d hydroxi de at a rate sufficient to create a highly exothermc ,
reaction, whemitgsphatinadatie fop htaining £he rﬂ%ﬁ%ﬁﬁlquﬁpo%ﬂfﬂuﬁ%ﬁ

during the for e} ani.c_pol r CQHB! ddlng
sai d i norgani & %ﬁ#%{‘b@ t ?%( C}I%E;Iﬁoevcf'#ﬁ% %tep (C'l@T() fa
pouring sl oW YHdlghcric labid Caid RALIQ1L ofdtQal Mg skiRIB) s, a’irﬁburce
contacting met al” based parts with said emulsion to form an

i ron/ phosphat eft areesstsive NHyagrogps; formlng anThoorgande pblymeric],
further including the steps o] | ower,| fhe pH of the i ani c, wat er
compl ex by tWAFSRIFITRIEHPR {ﬁ)ner‘“allx _ d'r_b'ra‘{-)l accﬁ’rﬁﬂﬂﬁll“fec"ﬂég‘?cﬁ &Vgourl ng
sai d inorgani ¢ GOl & IAd ARk M, LYBUpEAWIRE (a)eSehYal h1Rh18NdeeY and

motors in mach nery and
hydroxide to raise the pH of the solution above 12 to

form an aqueduslammonium/alkali metal hydroxide or (b)
said source of phosphoric acid to lower the pH to about 0
to form an écidic ammonium mixture and (ii) cdmbining
the mixture of step (i) (a) with said source of phosphoric
acid or the mixture of step (i) (b) with said hydroxide
at a rate sufficient to create a highly exothermic

- reaction, whereby the reactive NH, groups are contained in
solution during the formation of the inorganic polymeric
water complex; adding said inorganic polymeric water
complex obtained from step (ii), by pouring slowly ‘into a
lubricating oil; creating an emulsion; and contacting
metal based parts with said emulsion to form an
iron/phosphate conversion coating.

2. The method of claim 1 wherein a source of metal

ions is introduced into the inorganic water complex,

either before or after the exothermic reaction, to form a

metal/phosphate/alkali metal inorganic polymeric water

complex.

[ S S,

3. . The method of claim 2 wherein the metal ions



_ngﬁl'm mamwﬂg‘#mto forman enul sion to bring said sgf

cont act ow th rts thereby obtai ning the iron/p
conversi on surface. . The nethod of clainms 1 or 2
source of netal ions is |ntroduced into the inorganic wat

conpl ex, either before or after the exot hé8ni c reaction,

net al / phosphatertel delléctred af romazrigar molybderiumperor watgirerconpr ex.
4. The nmeth | ected from
zinc, ol ybdenum dk- t urkhediethod of any of Blaifg ph i3 3%?%{#11}|%| ms 1

}gofggﬂﬁgebgl Jasen WRLIC SRIEH I UndoddUd QUG CHE Lora RG] M 10

wherein the | WHdEpn i@ polyméﬁ'ic Iwatdy ddngsietes 1 of an engine and said
—to—create—sard—erugtstron—and—to

engine is run contact noving and

sl i di ng parts Bf sdfhk engfiboed vif ramaiaf szﬂuams;rﬂ. to 4 wherein the

met hod f.or app] yi ng a phosphat e cont ai ni n \ atln to the jntergor
surface of an 4R ¥*Qﬁ§149w$£hn¥§nin a repfeniie 1Qﬁuﬁqéaﬁiﬁ npr ove

the ef ficiency ol 5o A ﬁ%f&ti%ﬁ&%ﬂ%iﬁ'%%té&é&@é’s of :
I ntroducing in

moving and sliding parts of sald engine with said

emulsion.

6. The method of any of claims 1 to 4 including

the steps of: lowering the pH of the inorganic water

complex by the addition of a mineral acid or a carboxylic

acid; pouring said inorganic complex into the oil

lubricating reservoir of engines and motors in machinery

and equipment to form an emulsion to bring said solution

into contact with metal parts, thereby obtaining the

iron/phosphate conversion surface.

7. A method for applying a phosphate containing
coating to the interior surface of an internal combustion
gasoline or diesel engine to -improve the efficiency of
‘said engine, said method including the steps of:
introducing into the oil in the crankcase of said engine,
under emulsion forming conditions, an inorganic polymeric
complex formed by mixing, in an aqueous medium, a source
of reactive NH, groups with an alkali metal hydroxide to
raise the pH of the aqueous solution greater than 12; and
mixing with the solution an aqueous solution of a source
of phosphoric acid to a pH of about 0, at a rate to
create a highly exothermic reaction, whereby reactive NH,

groups are contained in solution during the formation of



under emul si on” f ondi t i , an inorganic polyneric ' ompex

formed by m xi ngimim%uﬂm#ujgmtdl um a source of rea M@EMEI‘H SHEET

groups with an al c Yoxide to rai se t SIEEYUEOUS

solution greater than 12; and m xing with the soﬁ&%ﬁ N&%%&m 1997
, a

solutton of a source of phosphoric acid to a pH of abou a rate
to create a highly exotherm c reacti @g whereby reactiv rm :
WD 96/ 26304  tne inorganic polymeric water compX¥xd/ US96/ 02985

- 29- groups are contained in solution during the formation of The
i norgani ¢ pol ymeri c8 wat eThe amgtleod of claim 7 Svherigim nehéqeH off ctlé m 7
wherein the pH of the, | norgani c pol yneric, conplex is |owered to about 3
by addi ng HIREGAHRIG PRELHEE o?omsbl%tlr%dl&w%f He® ARHes BY into the

crankcase. : : of L NBs 74 I '
acid is added ?%d’t’%%%%ﬁ%@ﬁg%ﬁ pidt Bo iln’g"r’?%‘?‘yrreé%@ gL
nmol ybdenum  into the. crankcase..

| 9.  The method of claims 7 or 8 wherein molybdic

acid - is added to the coinplex wheréby the coating formed

includes molybdenum.

10. The method of forming an iron-phosphate

conversion surface on metal components in a lubricating

environment substantially as herein described with

reference to the accompanying Experiments.

11. The method for applying' a phosphate containing

coating to the interior surface of an internal combustion

gasoline or diesel engine substantially as herein

described with reference to the accompanying Experiments.
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(57) Abstract

The present invention provides for forming an iron-phosphate conversion surface, or an iron/phosphate bi-metallic surface on metals,
in sim, in motors of mechanical equipement, using the lubricating oil as the medium for bringing the phosphate and/or phosphate bi-metallic
inorganic polymeric water complexes into contact with all the metal parts in the motors. The inorganic polymeric water complexes are
formed in accordance with U.S. Patents 4,533,606 and 5,310,419. The bi-metallic component can be any metal from Class I through Class
VI of the Periodic table. The phosphate and/or phosphate bi-metallic
while the engine is running and the oil is hot. The iron/phosphate film or iron/phosphate/bi-metallic film that is formed reduces coefficient
of friction, reduces metal wear, extends engine life, increases mileage, reduces hydrocarbon emissions, and extends oil drainage intervals

on all lubricated motors.

inorganic polymeric water complexes are added to the lubricating oil




