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This invention relates primarily to the manu-
facture of additives for lubricating oils, and the
. particular object is to produce soaps or salts for
addition to lubricating oils having high deter-
gent characteristics for the elimination or pre-
vention of the formation of gummy, resinous,
and varnish-like materials that tend to form
in severe service internal combustion engines
such as Diesel engines and to deposit upon pis-
tons, piston rings and the like. Other objects
of the invention include easy production of ad-
ditive materials employed in mineral lubricating
oils to produce lubricants of the mentioned type.
Another object is to produce such Ilubricants
with high film-strength characteristics. An-
other important object is to furnish suitable
processes and materials for producing motor lu-
bricating oils of the indicated type from lubri-
cating oils of high viscosity index as represented
by the so-called “highly paraffinic” lubricating
oils, and also from lubricating oils of low vis-
cosity index. Subject matter disclosed herein
but not claimed is claimed in my companion
application Serial No. 333,605, filed May 6, 1940,
entitled Method of producing lubricating oil.

Not a1l mineral lubricating oils as they are
initially refined under modern refining methods
are wholly adapted to some of the use for which
they are intended, and apparently no such lu-
bricating oil is adapted for use under severe
service conditions such as use in Diesel engines
and high out-put aviation engines. Such oils
need modification, as by addition of modifying
agents. They need modification to increase their
film-strength and also to reduce their tendency
to deposit gummy, resinous, and varnish-like ma-
terial in the engine, particularly upon the pis-
tons and rings as above indicated. Most lubri-
cating oils, including the oils of high viscosity
index (namely the so-called “highly parafinic”
mineral lubricating oils) require additives to
adapt them to severe service uses in order to
increase their film-strength and to overcome ex-
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cessive tendencies towards deposits in the engine .

as mentioned. This applies not only to paraf-
finic type oils but also to naphthenic type or so-
called Western or asphalt base oils. More re-
cently it has been particularly desired to adapt
oils of high viscosity index to Diesel engine uses
and other severe service uses. The term “vis-
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cosity index” is well understood in the arts and
is defined in Chemical and Metallurgical Engi-
neering, vol. 36 (1929) page 618, in an article
by Dean and Davis. Quite commonly, where ad-
ditives have been introduced into lubricating
olls to attain these ends, corrosive conditions
have been developed in the engine probably by
catalytic influences of the additive. This has
been especially noticeable where highly corro-
sion-sensitive bearings have been employed in
Diesel engines. The result has often been that
such bearings have failed. For example, in the
case of copper-lead bearings acidic conditions
which probably are due to oxidation of the min-
eral oil have developed that resulted in the
leaching-out of lead from the copper-lead bear-
ings thereby leaving a damaged bearing surface.
Similar results have been encountered with cad-
mium-silver bearings and other bearings of this
corrosion-sensitive classification.

The invention

By the present invention the objectionable
features above described as existing in the men-
tioned lubricating oils apparently have been
overcome. The invention resides primarily in
oil-soluble salts (or “soaps”) of phosphonic acids
produced by phosphorizing the so-called highly
paraflinic mineral lubricating oil fractions (high
V. I. oils), or other hydrocarbons such as naph-
thenic lubricating oils, paraffin wax, petrola-
tum, Kkerosene, gasoline, hydrocarbon deriva-
tives thereof such as halogenated or oxidized
parafiin wax or lubricating oil or other hydro-
carbon fraction, and other hydrocarbons or
derivatives from any other source; and then
oxidizing or air-blowing the resultant phos-
rhorized materials to produce phosphonic
acids from which the salts are formed. The -
invention further resides in those materials for
the incorporation into such mineral lubricating
oils which are represented by calcium salts of
such phosphonic acids, or substantially equally
oil-soluble salts -of such phosphonic acids of
which salts or soaps formed with another alka-
line earth metal such as magnesium or barium,
or other oil-soluble metal soap such as those of
lead, zing, aluminum, sodium, potassium, caesium,
cerium and the other more common metals in-
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cluding manganese, iron, cobsalt, nickel, cadmium,
silver, tin, bismuth, chromium, titenium, vana-
. dium, mercury, molybdenum and the like, or
soaps of organic or nitrogen bases.

The invention applies particularly to such oils
where the proportion of the soap is in the order
of about one-half per cent to about 3% or in
quantity sufficient to produce the desived de-

tergent characteristics and at the same time not

impert to the oil any appreciable viscosity in-
crease,

I have discovered that the phosphonic acldic
materials themselves without saponification im-
part very high film-strength properties when
used in similar proportions, and can be used
alone or in conjunction with the soaps, and the
invention extends also to these materials and
their use in oils. The invention alsc comprises
the methods of manufacture disclosed.

I have salso discovered that the use of oil-
soluble phosphonic salts or soaps of the type de-
scribed when used in proportions arcund 1%
based on the oil have the property of controlling
the deposition of gummy, resinous, and varnish-
like or lacquer-like materials upon the walls of
pistons and about the rings and similar parts of
internal combustion engines including diese} en-
gines and other severe service engines. I have
also discovered that these salts exert noe appre-
ciable catalytic influence towards the oxidation
of lubricating oils and the formation of corrosive
acids as is scmetimes the case when soaps of
other forms of acids are employed, such as car-
boxylic acids. Also soaps of the present type
possess characteristics of maintaining non-cor-
rosive conditions insofar as their effect on highly
sensitive bearings and the like i3 concerned.
This may be due to the fact that the metal ele-
ment of the salt or soap may combine with any
corrosive acids that might possibly form and
thereby liberate the non-corrosive phesphonic
acids which in turn appear to exert corrosion-
inhibiting influences kindred to corrosion-inhib-

_iting influences exerted by the phosphonic salts

or soaps themselves. Or possibly, there is no de-
composition of the phosphonic salts or soaps and
they maintain their original form which continu-
ously exerts said influences tending to inhibit de-
velopment of corrosive conditions.

Phosphonation

The materials particularly used under this
form of the invention are obtained from phos-
phorizing mineral lubricating oil fractions of so-
called highly-paraffinic character or of high vis-
cosity index., According to the best modern
authorities on theé constitution of mineral lubri-
cating oil of this type, the molecules are not en-
tirely aliphatic or chain compounds but are
mixed or complex molecules containing aromatic
or naphthenic rings protected by aliphatic or
parafiinic side chains which may in themselves
be straight chains or branched chains. Or such
oils may be mixtures of molecules wherein aro-
matic or benzene rings are protected by aliphatic
chains, and wherein naphthene rings are pro-
tected by aliphatic chains, Waphthenic type lub-
ricating oils may be used, and also other hydro-
carbons such as parafin wax and the like as
above mentioned. On phosphorizing these ma-
terials the phosphorus grouping apparently en-
ters more readily to replace a hydrogen atom
connected to one of the carbons of the aliphatic
chain. This phosphorus grouping apparently
may be connected either to an end carbon of the
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chain portion of the molecule or to an interme-
diate carbon of said chain portion, and the phos-
phorus grouping of the resultant phosphonic
acids apparently hes the arrangement:

.
R—P—0H or R— {I’—OH
B

However, while there seems to be ample evi-
dence that this is the structure, I nevertheless
do not wish to be bound in all events by this the-
ory. It is possible also that a portion of the total
phosphorus may be attached to naphthenic
rings, or to aromatic rings, when such are pres-
ent.

Other hydrocarbons such as wax, gasoline,
kerosene, gas oil, solvent extract from lubricating
oil, coal tar distiliate fractions, and hydrocarbon
derivatives such as chlorinated or oxidized or
otherwise modified hydrocarbons also may be
similarly phosphorized with the production of
similar useful compounds. Halogenation or oxi-
dation may facilitate phosphonation or subse-
quent reactions. If oxidized starting materials
are employed and they contain carboxylic acids,
phosphonation should be complete enough to re-
duce all the acids before air-blowing, or the car-
boxylic acids may be removed before phosphona-
tion as by selective solvent extraction, because
the acids represent the objectionable type of ma-
terial which it is sought to avoid in the present
product. ’

In phosphorizing mineral lubricating oils, pre-
paratory to oxidizing the phosphorized materials
to yield the phosphonic acids, I have employed
different procedures. According to one proce-
dure the oil itself is heated to incipient “crack-
ing” or decomposition and yellow - phosphorus
lumps are added with heating at appropriate
temperatures such as up to about 600° F. until
the phosphorizing reaction is complete. (Yellow
phosphorus is the commercial term for white
phosphorus which ordinarily contains small
quantities of red phosphorus sufficient to give it
a yellow color.) In this instance, a nitrogen,
carbon dioxide or other inert atmosphere may be
employed for safety purposes. According to an-
other operation the mineral oil is first chlori-
nated to facilitate subsequent phosphorination.
This may be done by bubbling a chlorine gas
therethrough until the weight is increased by
chlorine addition to an extent of perhaps 10%
but preferably less, e. g. 2%. This material after
a suitable washing is then phosphorized by heat-

“ing for appropriate periods to incipient “crack-

ing” or dezomposition with addition of yellow
phosphorus lumps until suitable phosphorination
is produced. In this case lower temperatures
such as a maximum of about 475° F. will suffice.

Ozidation

Following phosphorization for an appropriate
time, for example one to three hours, the charge
is cooled to-about 200° F. for example, and air then
passed therethrough at a slow enough rate to
prevént/témperature rise much above 250° P,
‘When the oxidation reaction ceases to promote
temperature increase, further air-blowing may or
may not be resorted to, but if continued for the
purpose of insuring sufficient or further oxidation
the air-blowing may be extended for.a suitable
time, for example about one hour, at a higher
temperature, for example at about 300° P. In
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all cases, air-blowing should be carried out in &
manner to attain sufficient oxidation of the rhos-
phorus in the phosphonated oil, but should not be
severe enough te cxidize more than minute guan.-
tities of the unphosphorized oil molecules. For-
mation of carbexylic acids by oxidstion of the ofl
hydrocarbons is to be avolded as far as possible,

Saponification

When suitable oxidation of the original phos-
phorized material has been accomplished to in-
sure production of the desired phosphonic acids,
the charge is then mingled with a suitable alka-
line earth metal hydroxide, such as calcium hy-
droxide, in the presence of diluting quantities of
water, and the batch heated at a temperature
around or somewhat above the boiling point of
water for a time to effect saponification or con-
version of the phosphonic acids into the ecalcium
soap or salt, which material after filtering end
washing is ready for incorporation into an ap-
propriate mineral lubricating oil such as the high
viscosity index or low viscosity index oilg herein
described, which oil in any given instance may
or may not be of the same type as that which is
phosphorized,

Examples

One specific method for the preparation of cal-
cium phosphonates as herein described was as
follows: :

A parafiinic oll which was a highly solvent-
refined lubricating oil of SAE 20 grade having 89
V. 1L, was heated to 300° F. and four separate five
per cent additions (20% total) by weight of yel-
low phosphorus were made while heating from
300° F. to 400°-F Heating was then continued
until the temperature reached the boiling point
of the oil (600° F. to 650° F.) and the temper-
sture of the oil was held at that point for one-
half to one hour. The oil was heated at all times
in 8 nitrogen atmosphere. The oil was then
cooled to 200° F. and a stream of air was passed
through the oi} at & rate slow enough to pre-
vent temperature rise above 250° F.  After air-
blowing caused no further evolution of heat, the
oil was cooled, washed free of water-soluble acids,
and the calcium soap was prepared by heating
the resulting phosphonic acids with calcium hy-
droxide at 300° F, for one-half hour. The batch
was flitered at 300° F. for removal of solids. 'This
resulted in about 4% soap in sbout 96% un-
modified oil. The same method was used to pro-
duce g similar product from a Western nsph-
thenie lubricating oil having a viscosity of 660
seconds Saybolt Universal at 100° ¥

Another method which was employed is as fol-
lows:

Nine quarts of said SAE 20 grade oil having
a V. I of 89, were chlorinated at 150° ¥, to 170°
F. by bubbling & rapid stream of chlorine through
the oil. The process was continued untii 2.0%
of chlorine had been ahsorbed as judged by the
increase in weight of the charge. The chisrine
ated oil was then heated and stirred with 29%
of yellow phosphorus. The temperature was
raised to 475° F. and held at that point for three
hours. (In another instance the temperature
was raised to about 625° F. which insured re-
mova}l from the product of the trace of chlorine
retained when a temperature of only 475° ¥'. was
used.) The total charge was cooled to 200° P.
and a rapid stream of air passed through the
oil until heat evolution ceased (approximately 15
minutes), the temperature being held in the
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meantime to a degree below 210° F. by use of .
cooling water. The charge was then fltered
through s fllter precoated with a fine diatomace-
. ous’ earth. A small sample was then water
g washed, and the acid number found to be 8.05.
" The total charge was then again alr-blown for
one hour at 200° F. to 210° F. to insure complete
oxidation of the phosphorus, after which the .
acld number of a small, water-washed sample
was found to be 8.25. The whole charge was
then washed with an equal volume of water, and
the wash water drawn off.
The charge was then heated and stirred for one
hour with 200 grams of calcium hydroxide and
5 300 ml of water at 200° F. The water was evap-
orated off by final heating to 230° F. The charge
was cooled, 200 ml. of ethyl alcohol wag added
to insure complete saponification, and the heat-
ing and stirring was continued for one hour until
g0 the temperature reached 300° F. The total
charge was then filtered as above.
Tae filtered oil tested as follows:

10

8.4 mg. KOH/g. ol

Soap number_.____________
o5 Fhosphorus____._________ 0.25% :
Sulfate ash...._._______ 1.36%
Soap number, calculated .
. -from ash . 11.4 mg. KOH/g. ofl

Soap number, calculated

gp Ifrom phosphorus._._.___ 9.0 mg. KOH/g. oil

This signifies about 10% soap in about 90% of

unmodified oil.

This same process may be used to treat naph-

35 thenic base oils as above described to produce

corresponding products. Also all these proce-

dures are appropriate for the treatment of the

other hydrocarbons wmentioned to yield similar
useful products. ]

To indicate desirable variations of the meth-
ods above outlined, a continuous method may be
employed wherein the oil charge is placed in the
mixer and the required amount of the above-
described yellow phosphorus stirred into the
batch at & temperature above the melting point
of the phosphorus (e. g. at about 215° ¥.), and
the mixed charge then run continuously through
& heating coil and heated in a range between
200° F. and 800° ¥, or at about 700° F. Such
a heated charge is then passed from the heating
coll through a cooling coil, and then into the top
of a closed chamber and oxidized by continuously
passing a stream of sir up through the incom-
ing charge of phosphonated oil. The air-blow-
ing Is preferably accompanied at a temperature
not lower than 150° F. in order to avoid a reac-
tion rate which is too slow and preferably at a
temperature not above 250° F. in order to avoid
undesirable color intensification of the hydro-
carbon which would take place at higher temper-
atures. The oxidized oil and oxidation products
are withdrawn from the bottom of the oxidizing .
chamber and passed into a saponification vessel.

If desired water may have been added to the
charge undergoing oxidation in amounts rang-
Ing from 0.1% to 10% by volume, or witer may
be added to the charge after it enters the saponi-
fier, or the oxidized charge may be settled and
the clear oil separated from the sludge and re-
cycled into the original charge. In the latter
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case the sludge is then passed into the saponifier.

In the saponifier a quantity of dry hydrated
lime, or hydrated lime mixed with water espe-
cially when no water enters with the charge
into the saponifier, is stirred into the oil and
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maintained in contact therewith at suitable tem-
perature and pressure and for a time to effect
neutralization by the lime to produce calcium
soaps. For example, one hour’s contact time
at 210° #., or ten minutes’ contact at 260° F.,
both at stmospheric pressiure, have been found
satisfactory, additions! water being supplied i€
required.

Instead of separating the clear oil from the
sludge and saponifying only the siudge, or
saponifying the whole oxidized charge, the clear
oil may be separated from the sludge and itself
saponified separately from the sludge. ‘The acids
retained in the clear oil make very desirable
phosphonates and there is an advantage in sepa-
rating oil from the sludge due to avoidance of
emulsification difficulties in some instances.

By these procedures g concentration as high as
159 of oil-soluble calcilum salts of the phos-
phonic acids can be obtained. By passing the
saponified charge through an elongated hori-
zontal saponifier saponification may be effected
continuously, and the stream may then be
passed through a drier if desired for removal of
water by evaporation, or the stream may he
passed through a vaculm still. This vacuum
still may also be employed to increase the con-
centration by removal of any desired propor-
tion of unmodified oil to leave an oil residuum
of the desired soap concentration, the overhead
being returned to the initial charging stream.

The amount of yellow phosphorus has been
varied from sbout 0.5% to about 20%, but most
desirable conditions apparently have been ob-
tained when using phosphorus concentrations
between about 2% and 109% based upon the orig-
inal charge. Phosphonation has been effected at
temperatures as high as 900° P. with contact
time as low as about two minutes. Practical
conditions appear to be to phosphonate in a
range between about 500° . to 700° F. at a gauge
pressure of about 50 1b./sq. in. for at least two
minutes and preferably about five minutes or
somewhat more,

As to the saponification, both batch processes
and continuous processes have been successfully
employed with the direct production of concen-
trates ranging from 4% to 25%, the higher per-
centage having been obtained by employment
of the vacuum still to reduce the unconverted
oil content while operating by the batch method.

The various salts or soaps produced by meth-
ods herein given may be readily incorporated
into suitable mineral lubricating oils by mere
agitation with slight warming if required. Or-
dinarily about 1% to 1.5% of the salt will be
employed in the oil. However, as conditions vary
percentages perhaps as low as 0.25% to 0.5%
may be used and higher percentages up to 2%
or perhaps 3% may be employed. Larger per-
centages are of doubtful practical value and
merely increase the cost, but unless very large
do not materially increase the viscosity of the
product over that of the original mineral lubri-
cating oil.

A lubricating base oil particularly desired for
addition of these soaps thereto is one of highly
paraffinic type produced by modern dewaXing
and heavy solvent-refining treatments to yield
a viscosity index of from about 80 (or 75) to 100
or higher. Also naphthenic base oils may be
used such as-the Western oil of 600 viscosity at
100° P, above mentioned as a starting material
for the formation of phosphonic soaps, or a 700
viscosity oil or the like.

ic

15

20

25

30

35

40

45

50

70

(g

2,311,308

Cils which have been used in practicing this
invention and products therafrom possess the fol-
lowing specifications:

OClA (779! OfiB (90V.I ol o
V. 1. base baseoll) . | asphthenie
ofl)
Base Base
Base :
| 011 4= ofl 4 ofl

Boai:lae about| B:'ﬁe about ?%% oil 1,5-‘2'
1%, 1% sbap 806D
soap 508

Viscosity Index—

Dean and Davis._.| 77.9 | 79.0 | 80.4 | 83.9 | 00.6 | 13.1 | 10.0
Viscosity gravity .

constant_______._._ 0.818 [0.824 10.810 {0.810 10.812 {0.878 | 0.879
QGravity, °A.P. L at

60°F. ... 27.5126.9120.4]20.3}20.1[20.2( 10.9
Viscosity B8aybolt

Univ, sec. at— :

100°F ... 563.2 |549.6 [347.4 {359.2 {350.2 {727.2 | 764.6
210°F .. ... 63.2 621 54,0 54.5 | 564.3 | 50.8 ] 60.5
Flash %oint, °F,

C.0.C....._.. 485 | 445 | 4451 430 445| 380 385
Yire Point, ° F_. 5201 525| 510| 6057 B510| 435 40
Pour Point, ° 5 5 5 0 10{ —-10 ~5
Sulfate ash__.__ 0.0 0.010.18 | 0.26 0} 025
Soap No._._.. .| 0.0 0010903 . . tceaer]menann
Phosphorus.____..___ . 0.0 0.02 |- fiamo|oaeann
Chilorine 0.0 0.0 oo |ocmoofoaans
Carbon residue 0041028 . | o feee-.
Color, NPA 4.5 8+ | 4.5 34 e+
Acid. No., 95% alco-

holmethod. ... | ... |-oo._- 0.04 ] 0,12 0.6 | .. |-aee--

The presence of lower viscosity oil in concentrate added to highly
V.1 ogs gerves to produce drop in viscosity and flash.

The above described mineral lubricating oils
containing ealcium phosphonates produced by the
methods above described were tested on a Falex
film strength testing machine with the results
given in the following table, and the 80 V. L
oil with and without about 0.7% of the free phos-
phonic acids produced by the first method also
was tested for film strength with the results ap-
pearing in the following table:

Results of Falex tests

Tests on the well known ‘“Falex” tester of the
Faville-Le Vally Corporation of Chicago, Illinois,
are as follows:

Torque—in. 1b.

80 V. I oil
plus 0.3%
caleium
hsoa ofi
phosphonie
acids made

90 V. 1. oil
plus 0.7%
phosphonic
acids made
from un-
chlorinated
oil (acid
No. 1.0)

80 V. I oil

plus 1%

wVv. L calelum

Jaw pressures oil
soaps of
phosphkonic
acids made
from ch,
rinated oils

{rom un-
chlorinated
of

BRBEESouo

Failure |-

The oil from 77.9 V. I. o0il and containing about
1% of calcium salts (produced by the first meth-
od) was run in a Diesel engine for 100 hours
and gave exceptionally clean pistons and rings.
Only a slight discoloration due to varnish de-
posits was found on the piston, and only slight
deposits around and behind the rings were found.
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Wo ring quadrants were stuck and there was no
bearing corrosion. The same oil was tested for
corrosion on sensitive bearings of the copper-
lead type by oxidizing for about 100 hours and
then subjecting the bearings to an augmented

corrosion‘test with sald oxidized oil. No corrosion-

was developed in 16 hours. The same oil con-
taining 1.5% of the calcium soap produced even
cleaner pistons. However, the base ofl (without
soap addition) stuck the rings at 39 hours in a
similar engine run. The same base oil on the
same kind of corrosion test with 1% of & calcium
carboxylic acid soap showed heavy corrosion at
the end of four hours. :

The 90 V. I. oil containing about 1% soap when
run in an ordinary internal combustion engine
of the automobile type showed an exceptionally
clean piston with unusually clean, free rings after
8 run of 100 hours. :

These olls were prepared and tested both where
they contained and where they did not contain
a3 an oxidation inhibitor about 1% of a phenol
extract fraction obtained from the original base
oils themselves. The phenol extract obtained
in producing the oils by a well-understood meth-
od was in turn re-extracted with phenol con-
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taining about 20% water to recover about 15%

to 20% of the initial extract. This re-extract
possessed & lower A. P. I. gravity (. e. heavler)
than the whole extract. This extract fraction
will also tend to act as a solubilizer for sludges
and the lke, but in many cases this function is
not sufficiently valuable to offset increased tend-
encies toward carbon deposit and the like.

The oll indicated in the third column undér
“Oil B” in the first table and containing 15%
soap, which was made by the continuous precess
described above, was run 500 hours in g Diesel
engine, resulting In exceptionally clean pistons
and rings with no lacquer or varnish deposit on
pistons or skirts, and only traces of carbon and
lacquer in ring grooves. :

When these oils were subjected to an oxida~
tion test similar to the Indiana test but modified
to approximate motor conditions (the oils hav-
ing about 1% of calcium soap of the present in-
vention) they ylelded the following acid numbers:

Contain- .
No ex-
ing 1% | “tract
Acld number Increase after—
24 hr. oxidation, mg.KOH/g. 0.15 0.10
48 hr, oxidation, mg. KOH/g. 0.30 0.20
68 hr. oxidation, mg. KOH/g 0.57 0.71

These results may be contrasted with the same
oils containing equivalent amounts of calcium
soap of carboxylic acids which showed acid num-
bers of 0.92 mg. ROH/g. after 24 hours, 2.14 after
48 hours, and 5.52 after 96 hours.
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oils or from oil concentrates even after long
standing in storage or in the laboratory, as is a
common tendency with high V. I. oils contain-
ing other soaps. In other words, they do not

cloud. There is no gelling tendency, and the

soaps are sufficiently soluble in the high viscosity
Index oil described that concentrates containing
as high as 20% to 25% soap or even more may
be prepared and shipped or stored. Another ad-
vantage of these soaps and oils containing these
soaps, is that they do not hydrolyze, and where
moisture conditions are encountered in practical
engine uses the presence of the moisture does
not affect the soap nor cause separation nor
gelling nor emulsification. Similarly, where the
phosphonic acids themselves are added to the
oils as film-strength or oiliness agents, no ob-
Jjectionable results are encountered upon storage
or standing or use in the presence of moisture
and the like. :

Phosphonic acids, anhydrides and soaps

In addition to producing phosphonic acids or
their anhydrides and thefr soaps from naphthe-
nic base oils and from high V, I parafiinic oils
in the order of 80 to 90 V. I, I have also pro-
duced such acids and their anhydrides and their
soaps from oils having g viscosity index of sbout
100. These various oils have ranged from 20
SAE grade to 50 SAE, and concentrates contain-
ing 16% and more of the oil-soluble soap have
been produced directly. In addition to treaiing
lubricating oils, whether modified or by halogen-
ation or oxidation or not, I have also produced
highly satisfactory phosphonic aclds and their
soaps from wax-oil slurries produced in the de-
waxing of lubricating oils, and from deolled
water-white paraffinic wax obtained from sol-
vent-refining of slack wazx, and the like. These
meterials may or may not have been modified as
by halogenation or by oxidation to facilitate
phosphonation where advantageous or desired.
The mentioned anhydrides may be formed in
the absence of water.

The phosphonic acids and anhydrides which
have been produced by the above described meth-
ods have contained 16 or more carbon atcms per
molecule. To insure adeguate ofi-solubliity of

. thelr soaps such acids should contain at least

50
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As Indicated, similar oils have been used where- 6o

in the same high viscosity index base lubricating
oils were employed with the same amounts of
calcium soaps of the phosphonic acids described,
but without the extract fraction as an oxidation
inhibitor. The oils were not substantially differ-
ent except for slight changes in the viscosity in-
dex and viscosity gravity constant and a some-
what higher color. An extract fraction in the
low V. I. (naphthenic oils) is ordinarily not re-
quired since they already contain kindred con-
stituents.

In connection with high V. L oils & further.ad-
vantage is found In the fact that these phos-
phonic acid soaps do not precipitate from the

85

about 10 carbon atams per molecule. This per-
mits use even of acids from materlals as Hght
as kerosene and gasoline as previously indicated.
In blending the phosphonates with the oils, the
soap addition has generslly been based on the -
sulfate ash produced. It may vary from a cal-
clum sulfate ash of abouf 0.1% to about 0.6%.
This will vary the soap content in the finished
ofl from about 0.25% to about 3%, the lower
the molecular weight of the aclds (lower num-
ber of carbons per molecule) the greater will be
the calcium content and the higher the calcium
sulfate ash test. Ordinarily, in the order of
about 0.75% to 1.5% of the soap will be adequate.

In addition to using calcium soaps it will be
appropriate, at least for some uses, to employ
magnesium soaps or barium sosps, {. e., the alka-
line earth metel soaps, ‘The other alkaline esxth

_metal soaps and the light metal soaps such as

aluminum and zinc, and likewise the alkali metal

0 soaps may also be used. Similarly, other ofl-sol-
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uble metal soaps or organic or nitrogen base
soaps may be used as stated above. However, I

prefer for most practical Diesel engine purposes
the calcium soaps here described, or barfum
s0aps, and In general, I prefer {o employ around




&

1% to 1.59% of soaps from those acids produced
from lubricating oil fractions of the type indi-
cated.
The general ratio of calcium to phosphorus in
the calcium soaps produced according to this
invention is around 1 to 3. Ignition of these
calcium soaps leaves an ash of various calcium
phosphates, and analysis shows thet over 85%
of the ash can be accounted for from-calcium
- and phosphate content by ascribing the formula
Ca2P207 to the ash. Long saponification of the
acids shows the acid number to be substantially
equal to the saponification number by the
A. S. T. M. method. These soaps are stable at
temperatures as high as 800° F. when heated with
the oil, and no cloudiness or inorganic precipita-
tion is thus formed. The soaps are non-catalytic
toward oil oxidation and do not become cata-
lytic upon the addition of other metal catalysts.
The use of these soaps in olls as indicated in-
dicates remarkable corrosion inhibiting proper-
ties for alloy bearings of the copper-lead and
cadmium-silver type now being used in Diesel
engines and the like. For example, a paraffinic
lubricating oil of about 90 V. I. has shewn harm-
ful corrosion when oxidized to an acid number
of arourid 1.0 mg. KOH per gram of oil. When
. adding calcium phosphonates of this invention
-to the same lubricating oil, the oil was found
to be non-corrosive to such bearings when oxi-
dized to an acid number of above 1.0, including
ranges up to 2.2 acid number where employing
1.5% of the soap to yield a sulfate ash of 0.25.
As to the nature of the phesphorus compounds
formed there is evidence that phosphonic acids
are produced heving 2 molecular weight in the
general range of 400 to 500. Apparently traces
of compounds of the type
‘R
R-—PéR
o
" gre formed. These may be very desirable oxida-
tion inhibitors but on the other hand they may
be objectionable in the combustion chamber
where lead gasolines are used due to the tend-
encies to form P:0s5 and thereby form objec-
tionable lead phosphates. It is to be noted that
most of the P20s formed in the phosphorizing
operation will have been blown out and recovered
in the oxidizing stage. The remainder is re-
moved by filtration as the insoluble salt after
_saponification.
. 'The calclum soaps produced apparently are
of the form

? i u
|
R—P—0—Ca and ™ R—i’:’-—O—Ca—O P—R
b ! |
(o} R R
Thus the general soap structures as related to
any appropriate metal or other base will possess
one or more of the following forms:

(”) (') O

o | 1

R—P—0—M, o R—P—OM., or R—P

N/ < /1
oM, R” OM.

where R is any hydrocarbon radical or derivative
thereof, and M is a metal or organic base ma-
terial having alkaline properties, a being an
integer or fraction according to the valence of
the metal or organic base.

Similarly, sulfur or selenium may be substi-
tuted for oxygen. Also arsenic may be substi-

tuted for phosphorus for many uses, suitable
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processes being bemployed to produce the acids
and thelr soaps. Thus, the soaps or salts used
are of the following types: '

p.4
i

R—{I’——XM., R—V—X—M, R—V=X
N 7/

XM. X XM.

where R is any hydrocarbon radical or derivative
thereof, V is arsenic or phosphorus, X is oxygen,
sulfur or selenium, M is & metal or organic base
material having slkaline properties, and a repre-
sents a fraction or an integer according to the
valence of M. The invention also extends to
these features.

The arsenic, sulfur and selenium compounds
mentioned may be more or less readily prepared.
Arsenic compounds, e. g. arsenonic acid, may be
made in much the same way as the phosphonic
acids by heating the hydrocarbon with arsenic in
corresponding temperature ranges up to perhaps
700° ¥, and the arsenated hydrocarbon then
blown as described for the phosphonated hydro-
carbon. The soap will then be prepared as pre-
viously described. Instead of blowing to form
the acidic materials by oxidation, thio-acids or
seleno-acids may be made by mixing a calculated
amount of sulfur or selenium -with the phos-
phonated or arsenated hydrocarbon and heating
below temperatures at which the arsenic or sele-
nium would replace hydrogen in the hydrocar-
bon molecule. Such a tempersture would be for
example about 300° F. or below but high enough
for the reaction to proceed. X

As Indicated in the table above showing “Re-
sults of the Falex tests” the phosphonic aclds
themselves as here disclosed impart high film-
strength to lubricating olls. Along this line, a
valuable acid fraction having high film-strength
characteristics was obtained by extracting a
phosphorized oil which had been oxidized to form
phosphonic material, in the absence of moisture,
the extract being made with a solution of 50%
methyl ethyl ketone and 50% methyl alcohol.
The extracted material, which may initially have
been In the form of an anhydride in the absence
of water was separated by the evaporation of sol-
vent on a hot plate by heating to 300° ¥. A vis-
cous oily liquid remained having an acid number
and a saponification number of 40. The mate-
rial may have been a kind of polymer. When
1% of this was added to a 90 V. I. ofl, the oil re-
sisted fallure until a jaw pressure of 2950 was
reached, compared to failure value of about 1200
for the uncompounded oil.

These last mentioned materials, the various
acids and the anhydrides hereln disclosed, and .
the soaps, as well as the oils produced and the
various processes described, all constitute por-
tions of the invention, as do other modifications
thereof which will be understood by those skilled
in the art. o ’

Thus, other acids suitable for the production of
soaps according to this invention may be pre-
pared by reacting the mineral oil fraction with
209 phosphorus trichloride and 20% aluminum
chloride at a temperature slightly under about
200° P, with refluxing for 8 to 10 hours or until
evolution of HCI ceased. The mass then hydro-
lyzed with hot water and the aluminum chiloride
washed free. The batch containing the excess
oil is then air-blown (as above) to convert the
phosphorus compounds into phosphonic acids
which may be converted into soaps as above de-
scribed in connection with the other methods.
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I claim:

1. A method for producing phosphonic acids
comprising heating a mineral oil to incipient
cracking in the presence of phosphorus to cause
phosphorus to enter the hydrocarbon molecule,
and air blowing the phosphorized hydrocarbon
to yleld phosphonie acids.

2. A method comprising heating a normally
non-gaseous petroleum hydrocarbon with phos-
phorus at a temperature within the range of
about 200° F. to 800° F. to cause phosphorus to
enter the molecule, air blowing the phosphorized
hydrocarbon within a temperature range of about
150° P to 250° F. to yield phosphonic acids.

3. The preparation of phosphonic acids and
their anhydrides by admixture of phosphorus
with & petroleum hydrocarbon at elevated tem-
perature to cause the phosphorus to react with
the hydrocarbon and oxidation of the resulting
mixture by contact with oxygen.

7

4, Preparation of phosphonic acids and their
anhydrides where petroleum ofl and about, 2% by

" welght of phosphorus are mixed at temperatures

10

15

of 200° F. to 230° F,, passed through a heater at
about 700° F. with about five minutes contact
time, and the resulting'product air blown at tem-
peratures approximating 150° F. to 200° .

5. The method comprising heating a normally
non-gaseous petroleum hydrocarbon at an in-
cipient cracking temperature with a small pro-
portion of an agent of the class consisting of
phosphorus and arsenic to effect chemical combi-
nation with hydrocarbon, and reacting such
modified hydrocarbon at elevated temperature
between about 150° F. and 250° ¥ with an agent
from the class consisting of oxygen, sulfur and
selenium to form acidic materials.

HAROLD W. RITCHEY.




