Patented Mar. 24, 1953

2,632,695

UNITED STATES PATENT OFFICE

2,632,695

RUST INHIBITOR FOR LIGHT PETROLEUM
PRODUCTS

Phillip 8. Landis, Mickleton, and Elwood B.
Backensto, Woodbury, N, J., assignors to So-
cony-Vacuum QOil Company, Incorporated, a

corporation of New York

No Drawing. Application September 20, 1951,
Serial No. 247,552

(CL. 44—66)

9 Claims.

The present invention relates to the prevention
of the formation of rust on metallic surfaces in
contact with minera) oil products and more par-
ticularly to prevention of s formation of rust on
metallic surfaces in contact with mineral oil
products such as gasoline, naphthas and burning
oils,

The problem of preventing the formation of
rust on metallic surfaces in contact with mineral
oil produets has received considerable attention
in the past decade with respect o those fractions
of mineral oil which are used for lubricating pur-
poses. However, the prevention of the formation
of rust on metallic surfaces in contact with what
may be termed “light products,” i. €., naphtha,
including thereby gasoline and kerosene and
burning oils, has not received so much considera-
tion. While the problem may seem to be the
same, nevertheless the problem of preventing the
formation of rust on metallic surfaces in contact
with naphthas and the like presents factors which
are not encountered when confronted with the
problem of preventing the formation of rust on
metallic surfaces in contact with lubricating cuts
of minera] oil,

One of the most important limitations upon.
the use of a rust preventive in gasoline, for ex~
ample, is the limitation that the color of the
product must be the same as that of the unpro-
- tected gasoline; i. e., the rust breventive must
not cause a color change in the gasoline by reac-
tion with the hydrocarbon constituents of the
gasoline, dyes, components of tetraethyl lead fluid,
anti-oxidants, etc., normally contained or added
to gasolines. Furthermore, the rust inhibitor
must be one which has no appreciable effect upon
the octane rating or any of the other specifica-
tions under which the gasoline is sold.

Another factor which is of relatively no im-
portance when considering the formulation of a
lubricating oil is that of the effect of extreme
pressures on the separation or other action of
the rust preventive. Thus, for example, it is well
known that products such as gasoline, kerosene
and burning oils are in many instances trans-
ferred from the refinery to distributing points via
pipe lines. Pressures as high as 1200 p. s. i. may
be encountered in such pipe line transportation.
Consequently, it is essential that the rust pre-
ventive remain with the petroleum cut regardless
of the pressure to which the cut is subjected.

Another factor controlling the selection of a
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9 .
rust preventive for mineral oil fractions, other
than lubricating oil fractions, is the tendency of
some known rust preventives to cause the forma-
tion of emulsions. Rust preventives which tend
to emulsify the water present with the mineral
oil fraction are not useful because they tend to
hold unusually large amounts of water in the
petroleum products.

Indicative of the problem presented in prevent-
ing the formation of rust on metallic surfaces in
contact with gasolihe, kerosene, burning oils and
the like is the fact that of 51 materials tested,
80 failed to provide the protection’ required at
concentrations commensurate with practical limi-
tations. Of the 50 that failed, failure was due
o a color change in the gasoline in 18 instances.
Of the remaining 32, 7 failed because of their
emulsifying action and the remainder failed to
provide the required protection at practical con-
centrations. Thus, it is manifest that although
a large amount of information has heen obtained
upon’ the solution of the problem of preventing
the formation of rust on metallic surfaces in con-
tact with lubricating fractions of mineral oil,
nevertheless the problem of preventing the
formation of rust on metallic surfaces in contaet
with naphthas, burning oils and the like still
remains to be solved.

An important limitation upon the use of a rust
preventive in gasoline is its effect upon gum
formation. As a generalization, it can be said
that rust preventives are non-volatile in nature,
and increase the amount of gum formed by the
amount of rust preventive added. Consequently,
a rust preventive useful in gasoline is one which
is effective in concentrations not more than about
0.008 weight per cent of non-volatile residue.
Accordingly, it is an object of the present inven-
tion to provide a gasoline, kerosene or burning oil
fraction of mineral oil containing an amount of
rust preventive not substantially in excess of
about 0.008 weight per cent non-volatile residue.

It has now been discovered that dimeric acids
are compounds which satisfy all of the require~
ments of a rust preventive for naphthas and
burning oils.

A dimer, as defined in Hackh’s Chemical Dic-
tionary, is a condensation product or polymer of
two molecules. Thus, when two molecules of a
polyethenoid mono-carboxylic fatty acid condense
to form a di-carboxylic acid, the produet by defi-
nition is a dimer, or the mono-carboxylic acid
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is said to be dimerized. Similarly, the condensa-
tion of a molecule of one polyethenoid mono-
carboxylic acid with a molecule of a second poly-
ethenoid mono-carboxylic acid forms a dimer
which is a di-carboxylic acid.

In general, the dimeric acids have been pro-
duced by heat polymerization of esters of the
mono-carboxylic acids to esters of the dimeric
acids followed by hydrolysis. The glycerides
have also been heat polymerized and the prod-
uct hydrolyzed to yield the free dimeric acids.
Recently, Goebel in U. 8. Patent No. 2,482,761
disclosed that the free fatty acids can be poly-
merized. Briefly, Goébel’s process comprises pre-
paring unsaturated fatty acids by hydrolyzing
a fat or oil for example, soya bean fatty acids,
adding a small portion of water, and heating in
a pressure vessel until substantially all of the di-
and tri-unsaturated fatty acids present poly-
merize. The resultant product can then be heat-
ed ab reduced pressure, to- distill off vaporizable
constituents, which include mainly saturated
acids and mono-unsaturated acids. A tempera-

“fure of at least 260° C. must be used and prefer-
-ably from 330° C. to 360° C. and a heating period
of 3 to 8 hours to produce substantially complete
‘polymerization of di- and fri-unsaturated mase-
rial.
are not necessary. Among the catalysts which
can be used are mercuric acetate, lead acetate,
anthraquinone, and Raney nicksl.

‘Thus, for-example, as described in U. S. Patent
No. 2,482,761, 300 parts by weight of sardine oil
having an iodine value of 188 were pressure split
with 600 parts of water at 260° C. Three treat-
ments of 1%, 7 and % hour duration were used
with 100 parts of the water employed in each
treatment.

Water was withdrawn and the wet amds ‘were
‘heated to 350° C. at a pressure of 250 pounds per
square inch for 4%, hours.

The product was then heated at reduced pres-
sure to:distill off unpolymerized material yielding
449%. by weight of a residue having an iodine
wvalue: of 86.3 and a neutralization equivalent of
386.

In a similar manner, as described in the afore-
said patent, linseed fatty acids, soya bean fatty
aecids and the fatty acids of other drying or semi~
drying oils can bhe polymerized to produce what
the patentee names dimeric acids. The patentee
states-that by his process larger yields of dimeric
acids are formed and less of the trimeric and
higher polymeric acids are formed.

Another source of dimeric acids is the still
residue of the dry distillation of castor oil in the
presence of sodium hydroxide. An analysis of
the fatty acids from castor oil has been reported
in Chem. Abs. 34, 35213 as follows:

Per cent
Ricinoleic acid.. .o e 87
Oleic aCiQu oo 7
Linoleic aeid. oo __ 3
Saturated acids_..o oo 3

Distillation of the aforesaid still residue yields
_ two approximately equal fractions, the distillate
- and a second still residue. The distillate is a
mixture of undecylic, palmitic and stearic acids
together with minor amounts of unsaturated
mono-meric fatty acids. The second still residue
is a mixture of which about 50% by weight is
polymerized fatty acids having a molecular
weight of 360 to about 600 and the balance a
still residue having a molecular weight in excess
of 600,
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4
The material of the first still residue of the
dry distillation of castor oil in the presence of
sodium hydroxide has the following properties:

Lot1 Lot 2

Ni eutrahzatlon [ SN 164 159.9
Bromine No._..__ : 20.7 19.4
Kinematic V15(3051ty at 100° ] ;3086 1373
Lovibond eolor_______.._.... >750 750
A. P. L Gravity, degree 14.6 15,2
Specific Gravity . oo 0. 9685 0. 8646

The dimeric acids on the basis of the present

data are mono-cyclic or dicyclic hydroaromatic
dicarboxylic acids depending upon the degree of
unsaturation of the mono-carboxylic acids from
which the dimeric acids are obtained. Thus, oc~
tadecadienoi¢ acids polymerize to mono-cyclic
hydroaromatic dicarboxylic acids while octadec~
atrienoic acids polymerize to bicyclic hydro-
aromatic dicarboxylic acids.

Thus, when conjugated and non-conjugated
methyloctadecatrienates polymerize by bimo-
lecular addition involving an additional intra-
molecular ring closure, a compound having the

Sstructure shown in Formula I, or isomers thereof,

is formed:

—(CH1)1JJJ-—-0 CH;

[

i
EII i /C\
CH;3(CH2):C=C—CH H(i",

CH3(CH):CH_HC
NHEA

H —(CH2)1&—0 CH:

HH
/

FORMULA 1

This compound after hydrolysis yields the free
acid having the structure shown in Formula 1T,
or isomers thereof:

K¢ GH:)HK[.!! —0H

o
%{H}C*(Coﬂzhg—oﬂ
CHa(CHﬁaC:C—C{

CH;(CH;):CH H(
~

=
FTORMULA II
The octadecadienate esters. dimerize by 14-di-~
ene addition to a compound having the structure

5 shown in III, or isomers of it.

L1 g
([)=H——(OH2)10—OCH:,

1

H Il .
CHs(CHz)sC{ }C*‘(CHZ”C—OCHX
CH:(CH:):CH

=

-

FORMULA III

This dimer upon hydrolysis yields the free acid
having the structure given in Formula. IV or
isomers of it. h

c':_ cmhg—o’ii' B

O—- O-—m

cm(cm)scn }c-—(cmhé—on

CHy(CH:;CH _ H

FORMULA IV
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When one of the free octadecadiencic or octa-
decatrienoic acids are polymerized as described in
U. S. Patent No. 2,482,761, the patentee’s di-
meric acids have the structures shown in For-
mulae IT and IV, or isomers of them.

Castor oil contains ricinoleic acid in the form
of a glyceride. The most important pyrolytic re-
action of ricinoleic acid and its esters is that of
dehydration to produce octadecadienoic acids.
Therefore, in the dry distillation of castor oil
in the presence of sodium hydroxide the higher
boiling portion, i. e., the still residue is a mix-
ture of polymerized octadecadienoic acid derived
from the ricinoleic acid and the linoleic acid
present in the castor oil.

From the foregoing a generic formula for the
dimeric acids of the present invention can be
written. Thus, as an example of an octadeca-
dienoic acid, the polymerization of linoleic acid
is illustrative. Linoleic acid or A9,10,12,13-octa-
decadienoic acid is present in peanut, palm, olive,
teaseed, kapok etc., oils in amounts of less than
25%. ©ils such as corn germ, cottonseed, sun-
flowerseed, poppyseed, sesame, etc., contain 40%
to 609% linoleic acid. The linoleic acid obtained
from the great majority of plant sources is A9,10,-
12,13-octadecadienoic acid.

When A9,10,12,13-octadecadienoic acid is di-
merized in the absence of other polyethenoid
acids, either as an ester or as the free acid in the
manner described in U. 8. Patent No. 2,482,761,
a reaction which takes place can be illustrated by
the following formula:

R—C=C—(C—C=

—R’

with a shift in the double bond this becomes:

H H
(i7=C—-R’

o
H
B cf T Ro-w

R—C—CH B
Hs \g/

where R=CH3(CH2): and R’=—(CH2)7COOH.
However, for the various isomers of linoleic acid
R will have a different value. Thus artificial
linoleic or octadecadienoic acids have their origin
in three natural sources, (1) fatty acids more
highly unsaturated than linoleic acid, which on
partial hydrogenation form isomeric acids, (2)
normal linoleic acid whose double bonds may be
shifted by isomerization catalysts and (3) mono-
ethenoid hydroxy acids, such as ricinoleic acid,
which on dehydration form an additional double
bond. For example, ricinoleic acid dehydrates to
two isomeric linoleic acids, A9,10,11,12-octadeca~
dienoic acid and A9,10,12,13-octadecadienoic acid.
When A9,10,11,12-octadecadienoic acid dimerizes
in the absence of other polyethenoid acids, the
resulting dimeric dicarboxylic acid has the for-
mula

H H
C=C—(CH;;CO0H

CHa(CH,),—c‘:—c{H}c—(CHz)zc 00H

Ha
CH:(CH)+—C—CH H
3(CHa)s < \EC[ =

" or
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" H
i:c.—w
e
e T Ro—wr
R—C—CH _ H
H; \:g/ ]

where R is CH3(CH2) +—and R’ is
—(CH2) «COOH

However, when the monocarboxylic acid is A8,9,-
12,13-isomer the dimeric dicarboxylic acid has the
structure

T H
G=C—(CE)C00H
¢

H; Hy
cn;(cmno-c—c{%c—(cm)ecOOH
CH;(CH;3)+—C—C—CH H
H; Hs \]é/
or,
EH
C=C—R’
H H
R—-c”—cz—(‘z{H}c—R'
R—0—C—CH _H

H; H; \g/

where R is —CH3(CH2) ¢« and R’ is
—(CH32)sCOOH

Similarly with the A9,10,13,14-isomer the di-
meric dicarboxylic acid has the structure

H H
C=C—(CH2);COOH

H: H; HNN. -
CHa(cm)ac—C’—c{ EC—(CH;CO0H

CHi(CH;3):C—C—CH HC
H; H; \1‘5/

or,

RCH:—CHQ—C{H}E—R’

RCH:—CH;—CH H
\ECI/
where R is CH3(CHz)3 and R’ is —(CH32)«COOH.

It follows that when the A9,10,12,13-isomer is di-
merized R is CH3(CHz2) +—and R’ is

—(CHz2)COOH

when the A9,10,11,12-isomer is dimerized R is
CH;:(CH32) »—— and R’ is —(CH2) 1COOH; when the
A8,9,12,13-isomer is dimerized R ig —CH3(CHz) 5—
and R’ is —(CH2)sCOOH; and when the A9,10,-
13,14-isomer is dimerized R is —CH3(CHz2)s¢—
ahd R’ is (CH2)7COCH. For these 4 isomeric
linoleic acids the generie structure for the dimeric
acid can be written

HEH
(I3=C——R'
‘ G
R—CH:—O{H\HG—-R’
R—CH~CH _ H
\15/

where R is CH3(CHz)+— for the A9,10,12;13-is0-
meyr and the A9,10,11,12-isomer, and CH3(CH2) s—
for the A8,9,12,13- and A9,10,13,14-isomer, R’ is
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—(CH?2)1COOH for the A9,10,12,13-, A9,10,11,12-
and A9,10,13,14-isomers and (CHz2)sCOOH for the
A8,9,12,13-isomer, it becomes ohvious that in the
generic formula for the dimeric acids derived
from the individual diethehoid monocarboxylic
acids R will have a _significance of CH3(CHz2) n—
where n is one more than the number of CHz—
groups between, the terminal CHs group and the
nearer carbon of the nearer double bond and R’
will have the significance (CH2) »COOH in which
m is the number of CHz— groups between the
" carboxylic groups of the monocarboxylic acid and
the nearer carbon of the nearer double bond.
From this it follows that the generic formula for

dimeric acids derived from a single di-ethenoid:

monocarboxylic aliphatic acids is

HEH
C=C—R

L
R——CHz—C{H}C—R'

R—-C Hz—é B HC

where R is CH3(CH2) »— and R’ is (CH2) nCOOH
and 7 and m have the values given hereinbefore.
When polyethenoid acids, i. €., tri- and greater
ethenoid acids such as n-linolenic acids are
dimerized, the dimeric acids obtained are bicyclic
dicarboxylic acids having the formula

1l
(CH:»C—O0H

||
c{ HO—(CHp):0—0H
H

CH
H H ~
CHs(CH):C=C— c{ o=m

CH3(CH:):C=C—CH . HC
HE N\~

when only a single acid undergoes polymeriza~
tion. Typical of the triethenoid acids are
linolenic or A9,10,12,13,15,16 - octadecatrienoic
acid and elaeostearic or A9,10,11,12,13,14-octa-
decatrienoic acid. When A9,10,12,13,15,16-octa-
decatrienoic acid is the sole polyethenoid acid
present it polymerizes to form the dimeric. di-
carboxylic acid the condensation can be pictured
as oceurring as follows:

H H H H H H H
CHsCHz—C—C-—C—-C——C-—-C-——O——C (CH);COO0H

16¢ 150 l4a 33a,’12a Mo 10z Se
// l I
14,13 12 ’11 10 19
. CHaCHT—C=C-—C—-C:C——C——C:C—-(CH:NOOOH
H H BE: H H H H H

" with a shift of the double bonds at 15 and 16
; the formula of the dimeric acid becomes:

H (CH:);COOH
N /
pd \ H
@
H—-(ﬁlOa 9C—(CH2)1C00H
L Cllg - l,Oé—H
H H NN
CH;CH;CH;CH;0=C—C12q C—H
17¢ 16 15c 14a 13g . :
CH:OHzCHzCHz—CM 12C—H
18 17 15 \ba//
’ s
H

.

8
- “When .A9,10,11,12,13,14-0octadecatrienocic .acid is
the sole acid polymerized to form the dimeric
dicarboxylic acid the condensation can be pic-
tured as occurring as follows:

5 H B H: H H H E BE H
CH;—~0—C—C—(C=C—C=C—C==C—(CH):C00H
18z 17¢ 16e¢ 15¢ lde l3a,’12a 'Ila 10a JQa

i
e |

18 17 16 15 14/ 13 12 ,11
CH3—Q0~—0—C—C=C— —C-C:C—(CH;)7COOH
10 H: HH HHo H H H H H |

which the shift of the double bond at 1le and
11 becomes

H (CH)»COOH

C
" Oa ;
B—Tos 02 (cEYCO0E-

Clle 10C—H

A

15

H
. _CHEH NS
CH:;:CH:CH,CH;C=C~Ci2q

17¢ 16g 15z 14¢ 13¢ é

CH;CH;CH:CH—~C14 12C—H
17 16 15 [\0/

H

The generic formula for the dimeric dicar-

20

- 95 bkoxylic acids derived from the dimerization of

individual triethenoid octadecatrienoic acids is

N
/N
: H—-C \C-——R’
30 IR
C —H
- EE N\ /N
RC=C—CH C—H H
N AT
=
H C
35 e

where R is CH3(CHz)3— and R’ is

—(CH2)7CCOH
40 A well known source of these dimeric acids is
the product sold by Emery Industries, Inc., and
said to be dilinoleic acid. In the literature pub-
lished by the Emery Industries, Inc. the prop-

& erties of this product are given as follows:

Neutral equivalent
Iodine value
Color
Dimer content
Trimer and higher
Monomer

290-310

80-95

Gardner 12 (maz.)
Approx. 85%
Approx. 12%
Approx. 3%

50 Trimer and higher - ___

Tests of several batches of material supplied
by this producer indicate that the properties of
this product are within the limits set forth here-
inafter:

b5

Specific gravity, ° A. P. X ________. 15-15.1

Specific gravity, D606/60 ____________ 0.2665

60 Color, Lovibond ___________________ 25
Kinematic viscosity @ 100° F., centi-~

stokes o 2462-2666

A. 8. T. M. bromine No, - __________ © 39.3

Neutrality NO. oo 186.8-190.4

86 Todine value .o __ 67-86

It will be noted that the dimeric acids avail-
able from the:Emery Industries, Inc., contain
approximately 856% dimeric acids and about 12%
trimeric. and higher polymeric acids and the sec-
ond still residue of the dry distillation of castor
oil-in the presence of sodium hydroxide contzins
about 45-50% of the dimeric acids and about
50% of the trimeric and higher polymeric acids.
Since neither of these industrially available prog-
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ucts is -100% dimeric acids it is manifest that
magterials containing more highly polymerized
acids than the dimeric acids can be used. How-
ever, it is to be noted that these materials con-
tain only small amounts, say less than 10% of
the monocarboxylic or unpolymerized fatty acids
and saturated acids.

Accordingly, preferred materials are those con-
taining mot more than about 15% of unpoly-
merized unsaturated fatty acids and saturated
fatty acids. In general, the content of dimeric
acids and trimeric and higher acids should be
of the order of at least about 85% with the di-
meric acids representing at least about 50% of
the dimeric and higher polymeric acids. Thus,
the Emery Industries dimeric acids contain about
85% dimeric acids while the second still residue
of the dry distillation of castor oil in the presence
of sodium hydroxide contains about 46.8% di-
meric acids. Those skilled in the art will recog-
nize that the lower the concentration of dimeric
and higher polymeric acids the greater the
amount of the mixture required to provide the
protection against the formation of rust. Conse-
quently, a point will be reached at which the con-
centration of non-polymeric acids will be suffi-
ciently low to require the use of such an amount
of the mixture containing the polymeric acids
that the non-volatile residue left in gasoline for
example will exceed that permitted by the speci-
fications. Accordingly, the concentration of di-
meric and higher polymeric acids in a mixture
should be high enocugh that effective protection
against the formation of rust is obtained but the
non-volatile residue of the protected petroleum
fraction does not exceed that permitted by the
specifications.

The efficacy of dimeric acids as a rust-pre-
ventive in gasoline, naphthas and burning oils
was defermined by three tests. One was the
modified A. S. T. M. D665-47T test, which has
been stated to be more severe in manhy respects
than actual pipe line conditions in that it is run
at a higher temperature (80° F.) than is usually
found in a pipe line, with a much higher relative
amount of water present and under conditions
such that the test materials are saturated with
oxygen at all times. It has been said that test
specimens exposed to the severe rusting condi-
tions of this test for two days are rusted to sub-
stantially the same degree as those exposed in a
products pipe line for 30 to 60 days. The
A, S. T. M. test was modified to the extent of
lowering the test temperature from 140° F. to 80°
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Concentration
. A.8.T.M,
Light Product gt Dlmeric | ™ Test
Acids (Per- Results
cent Weight)
Gasoline_. - - 0,0053 | Pass.
Do - 0. 0032 Do.
DO 0. 0022 Do.
Do 0.0011 Do.
Do - - 0.0011 Do.
Do 0.0011 Do.
Kerosine oo 0.0010 Do.
Middle Distillates. ..o oooooeeaeeees 0.0010 Do.
Gasoline__.. —— 0. 0009 Do.
Do. 0.0009 Do.
0. 0006 Do,
0.0006 | Fail.
0. 0004 Do.

It is to be understood that all evaluations were
made in sets of ten samples, one sample being an
uninhibited petroleum fraction control blank
which failed in all cases. The test was only rated
as passing when the test specimen in fractions
boiling above gasoline showed no rust below or
above the interface after the test period.

However, when testing protected gasoline and
other light products, no significance was placed
on the appearance of several rust spots above the
interface of the test coupon. Evaporation of the
sample and spraying of the sample with water
above the level of the liquid being tested was un-
avoidable. Conseguently, rust on the unprotected
part, i. e., the area above the oil surface o:f the
coupon, has little meaning.

The rust preventive was also subjected to a
static rust test. The static rust test has been
idescribed by Baker, Jones and Zisman, TEC 41,
137 (1948). Tn this test a steel plate cut in the
shape of an equilateral triangle and pressed to

- form a shallow cup in the center is immersed in

40

45

60

the test oil. After standing in the test oil for
one hour in 100° F., a droplet of distilled water
is placed on the center of the metal specimen and
the test continued until visual rust appears on
the metal surface. In this test the dimeric acids
were the most effective of all materials tested
in concentrations of 0.0011 to 0.0053 weight per
cent.

To determine the effect of pressure upon the
rust-preventing efficacy of the dimeric acids, s
modification of the A. S. T. M. rust test was used.
This test was carried out as follows: a rust-
proof alloy pressure bomb equipped with g rocker
arm for agitation was used. A.S. T.M. steel test
coupons, fastened to the bomb head thermowell,
were used. Pressure was obtained by injection of
mixtures of nitrogen and oxygen gas as indicated

F. for 48 hours and employing distilled water. 88 in the following table:

Ti £ ﬁultdleldd
ime o istille
Additive Prossure, | TemPy | Tes, | Water, Remarks
p.s.L.a. . Hours Percent
Volume
g 03 Totall . .
TUninhjbited {15 12001 }80 48 10 Slight rust,
.......................... 165 1,200 .| 80 oo f 48|20 _._.... Do,
0.0011 petcent dimeric acids_.._.. 15 1, 3 ...} 80 48, 20. No rust
__________________________ 165 1 200.-_1 80 48, 20
0.0022 percent dimerie aeids._.___ 15 1, $00.. - 80 emean 48 s None...... Hea.vxly mill scaled cou-
pon used.2

1 Total pressure attained by adding nitrogen.

3 No apparent change in amount of m111 scale.

after test, 93.3429 gm.
When samples of finished gasoline containing
normal amounts of dye, tetraethyl lead, anti-oxi-
dants, etc., and the indicated amounts of di-
linoleic acid were subjected to the aforesaid
A. 8. T. M. test, the following results were 0b-
served:

70

7%

Coupon weight before test, 93.3419 gm.; coupon weight

It is to be noted that the addition of the dimeric
acids did not noticeably affect the A. S. T. M.
boiling range, color or octane ratings, both motor
and research method of finished gasoline as the -
following tabulation makes manifest.
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Eﬁect of dimer acids on properties of finished

gasoline No. 2 fuel oil did not affect the gravity, A. 8. T. M.
boiling range, aniline cloud point, diesel index,
Concentration of Additive flash, pour point, sulfur, corrosion, carbon resi-
§ due, B. S. & W., ash or the factors of the fuel
Nomo - | 00011 wt. | 0.0053 wt, oil stability test, as is manifest upon study of the‘
.| percent | percent following tabulation: :
Dist., A.S. T. M., °F.: B Effect of dimer acids on prppertzes of No.r ol
IBP. 95 94 95 fuel oil :
- 121 121 121 10
: W i 126 Soncent ' »
N 101 i 191 Congcentration of Additive
S (A [
) 252 250 250  Dimeric Acids.eoeioooonee None °§2}§e§f- Oggfge,‘}}t'
. 273 270 272 15
B B B
- Gravity ® A, P. ..o X T X T . 3.
1 L 3 05 Dtk 8 M 30.8.0roer) 3680 808
Ree., percent...... - 96.5 96.5 96.5 IBP 346 346.
Res., percent ... - 1.2 1.2 . 3
Loss, percent_________ ... 2,3 2.3 2.3
RO 1) oy SO A ® o
Qlass Dish Gum, mg./100 ce.. 1.6 1.7 44 20
Octane Rating: 2
Motor method base.___._. .7 7.6 7.7
+1.0 ce. TEL/gal - _____ 77.9 77.8 78.4
43.0ce. TELfgal ... 83.0 82.9 82.6
Research method base..-- 74.0 74.0 74.0
J1.0ce. TEL/gal.___—____ 82.1 82.0 82.0
4-3.0ce. TEL/gal.. ... 87.5 87.2 87.4 g
1 No noticeable change. Aniline Gloud Point...
2 Finished blend except for TEL. Diesel Index... .-
. . N Flash, Tag, ° F
When the dimeric acids are added to kerosene, Flash, PM, © F_
the addition had no effect upon the A, S. T. M. Pour, ° Fo..._.
p s L 30 Sulfur, percent wt________...._.
boiling range, 001%:?: color Stablht{; cogrosmn, Co;t)pri; Strip Corrosion, 3 hrs. Passmg._- Passing.__| Passing.
flash, sulfur, B. S. & W., smoke point, or burning
. ’ P h Carbon Residue (on 10% Bott. R 0 T 07 .....-] 0.10,
quality as the following tabulation clearly estab= percent wt. (on10% ) 0.07 :
lishes: Ash, percent Whoiooooioaioas Nil_.:-..: Nilio.nzn:! NilL

Similarly, the addition of the dimerie acids to

Effect of dimer acids on properties of kerosene

Concentration of Additive

Dimeric ACiAS.can-ccmcncomanan None 0.0011 wt. percent 0.0053 wt. percent
Gravxty, CA.P. Il 44,8 e 45,0 oG 44,9
Dist., A, 8. T.M,, ° F.:

j; 331 335

Rec.; percent.

Res., percent_

Loss, percent.- o[ 0.1 AN
Color, Saybolt 421 420,
A% Catalytxc Color Stabili y___ Good. .. Good. .. Good
Flash, Tag, ® F oo e 1186. 116_ . 115,
Sulfur, percent wt_.._ 0.045_ z 0. 047. _1 0.043.
Copper Strip Corroswn, .
3hrs.at 212° F_______ Pass. o ceemas Pass . iieeeoo Pass,
B. 8. & W., percent wt. Nil Nil il.
Smoke Point, iV 1 SN P . - 28,
Burning Quality:
24 Hour Burn—
Light White__...__..._.. Light White.__._.__...____: Light White.
Hard Granular-......... Hard Gran_____... Hard Gran.
Light Bven_ e Heavy, Fairly eve Heavy, Fairly even.
one. .| None one.
Good_ ... Good._ e Good
" 48 Hour Burn— . .
Chimney. . .oo_cooeooo Dirty White...cooouoao.o Heavy White____._____._.___ Heavy White.
Wick Incrustation. Hard Granular....__. Hard Gran.; Slight Gloss...| Hard Gran.; Slight Gloss.
Deposit .o Heavy Uneven.......... Heavy Uneven; Tend to | Heavy Uneven; Tend to
lump, lump,
Mushroom ..o -ceneo- None...oouaeenn None. .aemieeeaaes None.
gg)re _______________ Weakened._______. Weakened Weakened.
4= 4.
Flame Shape.._......._. Held shape well eld shape well,
- Change, ht -4

 Change, wth . 24

0Oil Consumed ce, hour.| 50.8..

—1z
-~
50.7.
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Concentration of Additive Neutraliza- Bromine
tion Number{ Number
3 : " 0.0011 wt, (0.0053 wt.
Dimeric AcidS..emumemeeeeeonnee None percent | percent g Castor Oil Polymer Acids:
Fraction 1 241. 7 28.5
Fraction 2. 159.8 17.8
B.S. & W., percent wt__._.__._. Trace..... Trace..... Trace. Fraction 3 To182.3 212
T8D Fuel Oil Stability Test: Fraction 4
Test before aging— Residue 139. 4 20. 4
Color, NPA_._______... 25—, Emery Industries Dimer Acids:
600° GUM. .. i 3 7.7 Fraction 1 176.0 4.1
Test after aging— 10 Fraction 2 “180.8 40.0
Color, NPA_____.__.... 35—, Fraction 3 186. 5 36.5
600° Gum._.___ 1 7.4, Residue 153.6 30.4
Insoluble, mg./100 ml.
Sed....... 3 3 4.6.
Insol. Gum. ... . . 0.3. These materials were subjected to the

15 A, S. T. M. rust test at 80° F, and the following
The residue from a dry distillation of castor oil data obtained:

?a%cg- Concentration in Finished Gasoline
ate
Rust Inhibiting Material Molec-

Waloht 0.001% 0.002% | 0.004%

Emery Industries Dimer Acids.__|- -| pass

Castor 0il Polymer Acids:
Lot 1 SRS PSRRI PR do

Fraction 2.._ 540 | (50 pin pts. rust;._
Fraction 3... 690 | (12 pin pts. rust,
>700 | pass.

Fraction1.__ 1 - pass,

Fraction 2... Do.
Fraction 3 d Do.
Fraction 4 - .

Residue 2600 | PASS oo earnanan Pass.....| pass.

t Unpinhibited finished gasoline shows severs rust in this test,
3 As defined hereinbefore, column 10, lines 17-23.

in the presence of sodium hydroxide was subject- 1t has been established hereinbefore that the

ed to distillation in a molecular still and the fol- addition of about 0.0006 to about 0.008 weight

lowing data obtained: per cent of dimerized fatty acids; i. e., dimer acids

TABLE I 45 to petroleum oil fractions other than lubricating

fractions inhibited the formation of rust on fer«

Prossure ] Caleulatod ! rous metal containe:rs in contact with so-protected

Fractli)on B. 7., ° C. | millimeters Welcgellll% Molecatar petroleum oil fractions. This is rather surprising

Number of Mercury | PeT weight when it is considered that a turbine oil contain~

50 ing six times the maximum amount of dimer acids

which it is now proposed be added to non-lubri-

cating fractions failed to provide any protection.
------------ This is established by the following data:

110-150 0. 015
150-190 0.013
100-220 0.015
220-225 0.025

ol 4
BoomBoo
[=] L =g

-

o

Y

(=1

1 Molecular weights were_extrapolated from molecular still dis- §5
tillation temperatures. Analytical boiling point elevation methods
of determining molecular weight yielded unusually high molecular
weight values indicating molecular association. [Base oil—turbine ofl]
3 Predominately dimeric aeids.
3 Predominately trimeric acids.

>More than. A.8.T.M. D-665-47T Rust Test (140° F.)
Emery Industries dimer acids when subjected 60 :
to distillation in a molecular still yielded the fol- Distilled Water | Synthetic Sea Water
lowing data:
Baseoil oo Fail—Heavy rust.| Fail—Severe rust.
B%Z?; fﬁgr(fcgg per- f.... L1 N F?_lills?Very heavy
mraction | 5.2, 0| siene| Yot | ©° ' '
of Mercury percen’ weight
160-200 0.020 33.7 450
mal w8
e 49 +>700 70 Indicative that “dimerized” fatty acids are
unique in the field of application of the present
1 gee footnote to previous tabulation. invention is the fact that undimerized fatty acids
:%r"'gggigg};‘;{” %iﬁéﬁfe?é{ifs' fail to prevent the formation of rust in the modi-
§ Tt seids and higher. fied A. S. T. M. test whereby the efficacy of

>More than. 76 dimerized fatty acids was determined. This is
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manifest after study of the data presented in the
following tabulation:

: - .| Modified !
- . Petroleum Fraction Additive* g}%%éﬁel;;ﬁt A. §I‘ (:gf; M.
A__ 0.0074 | Fail.
0.0015 | - Do.
0. 0074 Do.
Fxmshed QGasolinez........._.{B 0.0015 Do.
. . 0. 0074 Do.
--0.0015 Do.
0.0011 | Pass.

*D A.~~dimerized fatty acids.
~A—mixture of undimerized fatty acids; 53 percent hnolew acid, 34

pércent oleic acid, 2 percént linolenic actd and 11 percent- saturated-

acg—s—mm:ure of undimerized fatty acids: 40 percent lingleic acid,
50 percent oleic acid, 4 percent linoleic acid and 6 percent resin acid,

C—mixture of sz to Cg aliphatic monocarboxylic acids, about 50
percent saturated acids and the balance unsaturated acids,

1 Modified A. S. T. M, D-665-47T, distilled water, 48hours @ 80° F.

The dimerized fatty acids are unique in an-
other characteristic; i..e., failure in the A. 8. T. M.
rust test for turbine oils (using distilled water)
at concentrations much higher than the maxi-
mum permitted in gasoline for example. Thus,
while dimerized fatty acids give satisfactory pro-
tection in gasoline, naphtha, fue! oil and like
fractions -of petroleum other than lubricating oil
fractions in.concentrations as low as 0.001 weight
per cent, when subjected to the A. S. T. M. test
for f,urbme oil. protection at 140° F. dimerized
fatty acids fail even in concentrations as h1gh
as’5 weight per cent.”

“The:foregoing - d1scuss1on provides a basis for -
stating _that the . present invention provides a:

means of inhibiting the rusting of ferrous metals
in"“contact with ~non-lubricating fractions -of
mineral oil by incorporating an amount -of
dimerized fatty acids, designated by Goebel in
U. 8. Patent No. 2,482,761 at column 7, lines 8
to 20 as dimeric aecids, in non-lubricating frac-
tions of: mineral -0il effective to inhibit rusting
of ferrous metals with which the mixture -is in
contact. The. rusting of pipe lines-and storage
vessels - fabricated . from ferrous metals is in-
hibited when the - non-lubricating fraction of

mineral oil containing an effective amount of.
dlmerlc acids is transported 0r- sto1ed in such

contairiers:

The dimeric -acids can be- ohalacterlzed as be-

ing.-dicarboxylic acids :having either. one substi-
tuted six-membered hydroaromatic ring or hav-
ing two fused s1x-membered hydroaromatlc rmgs
the one of which does not carry the two car-
boxylic acid groups being disubstituted. The
dimeric acids are further characterized by hav-
ing the two carboxylic acid groups attached to
a single six-membered hydroaromatic. ring

through a plurality of (CHz)—— groups the num-

ber of such groups being ‘dependent upon the
number of such groups between the carbon atom
of the carboxylic acid group and the nearer car-

bon of the nearest double -bond of the monocar--

boxylic acid. The substituents are alkyl or al-
kenyl groups depending upon-the degree of un-
saturation of the monocarboxylic acid from
which the dimeric acid is derived. Thus, the
dimeric acids derived from a diethenoid fatty
acid, or a dienoic acid have a single six-mem-
bered hydroaromatic ring substituted in two im-
mediately adjacent positions by tiwo alkyl groups
and in two other immediately adjacent positiens
by earboxylic acid sroups separatéd from the hy-
droaromatic ring in one substituent by a-straight
cham_ unsaturated aliphatic group-and -in the
pilfer -by ~a-straight chain'saturated -aliphatie

Lo
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group. Consequently, the dimeric acids of the.
rust inhibiting- material when prepared from the
individual monocarboxylic acid are represented
by two formulae

(¢))

H I(}[=}§—-R'

H

R—(CH) C/ \ /
.R—(CHz)—

5 ¢

I

where R is CH3(CHz)»—, and R’ is
~—(CH?2) »COOH

and 7 is a small number one more than the
number of CHa:= groups between the terminal
CIHz— group and the nearer carbon of the nearer

—H

~double bond of the diethenoid monocarboxylic
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acid from which the dimeric acid is derived and
m is a small number representing the number
of CHa= groups between the carbon of the car-
boxylic group and the nearer carbon of the nearer
double bond of the diethenoid monocarboxylic
acid from which the dimeric acid is derived, and

€3
R

N,/
H\ /C\ /H
\ﬁ c RIN
H \ / N /é\H
R"—C=C—— (lz—H H
R"~c=c—(J; C—H
HH H/ Z

where R’ is CH3(CH2)r and R’’’ is
—(CH2) wCOOH

and n» and m have the same significance as be-.
fore. ’

It follows that the present invention is the
provision of a new composition of matter com--
prising a normally liquid non-lubricating frac-
tion of mineral oil containing an amount. of
dimeric acids effective to inhibit rusting of fer-.
rous metals with which said composition is in
contact. The dimeric acids are dicarboxylic
acids selected from the group consisting of (1)-
dicarboxylic acids having one six-membered hy-.
droaromatic ring having two alkyl groups in im-.
mediately adjacent positions and two ecarboxyl
groups one of which is attached to said hydro-
aromatic ring through g straight chain unsat-
urated aliphatic group having the double bond
adjacent to said ring and the other carboxyl
group being attached to said ring through a
straight chain: saturated:aliphatic group and (2)-
dicarboxylic acids having two fused- six-mem-.
bered hydroaromatic rings to one of which are
attached two straight chain unsaturdted -ali-
bhatic groups in immediately .adjacent positions
and to the other ring two carboxylic acid groups
are attached in immediately -adjacent. positions-
through two straight chain aliphatic groups.
The dimeric acids are dicarboxylic acids de.’
rived from. two molecules of polyethenoid fatty
acids of drying and semi-drying oils and from
fatty acids such as ricinoleic acid which upon
dehydration become polyethenoid fatty -acids.
Therefore, in general, dimeric.acids.are dicar-
boxylic acids derived by the condensation of two
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molecules one or more polyethenoid aliphatic
monocarboxylic acid.

‘While the dimeric acids can be used in pure
form, for practical reasons impure forms are
used. That is to say, the dimeric acids are not
presently available at commercially attractive
costs in pure form. The purest form examined
contained about 85% dimeric acids—the im-
purest sample examined contained about 45%
dimeric acids. Accordingly, it is to be under-
stood that in the data presented hereinbefore
the concentrations of dimeric acids given there-
in are values based upon the impure dimeric
acids uncorrected for concentration of dimeric
acids present in the mixture. Thus, the addition
of 0.001% of either Emery Industries Inc. dimer
geids or castor oil polymer acids were egually
effective although the castor oil polymer acids
contained only about 45% dimeric acids and the
balance higher polymeric acids while the Emery
Industries Inc. dimer acids contained about 85%
dimeric acids and about 12% higher polymeric
acids.

While the structural formulae can be written
for the dimeric acids produced when only one
polyethenoid aliphatic monocarboxylic acid is
present in the mixture undergoing polymeriza-
tion, it is manifest that a generic structural
formula cannot be written for the dimeric acids
produced when a mixture of polyethenoid ali-
phatic monocarboxylic acids is polymerized. This
is self-evident from a consideration of the previ-
ous discussion of the effect of the positions of the
double bonds of the monocarboxylic acid upon the
length of the substituent groups. Accordingly,
the rust inhibiting material of the present inven-
tion is defined simply as dimeric acids in accord-
ance with Goebel’s usage in U. S. Patent No.
2,482,761 or as dimeric acids produced by the con-
densation of two molecules of polyethenoid ali-
phatic monocarboxylic acids.

'This application is a continuation-in-part of
co-pending application, Serial No. 125,844, filed
November 5, 1949, now abandoned.

We claim:

1. A normally liquid, non-lubricating mineral
oil fraction containing @ minor proportion,
sufficient to prevent rusting of ferrous metal
surfaces in contact therewith, of an antirust
agent selected from the group consisting of
(1) dimeric acids produced by the condensation
of unsaturated, aliphatic monocarboxylic acids
having between about 16 and about 18 carbon
atoms per molecule, (2) dimeric acids produced
by the condensation of hydroxyaliphatic mono-
carboxylic acids having between about 16 and
about 18 carbon atoms per molecule, (3) frimeric
acids produced by the condensation of unsatu-
rated, aliphatic monocarboxylic acids having be-
tween about 16 and about 18 carbon atoms per
molecule, (4) trimeric acids produced by the con-
densation of hydroxyaliphatic monocarboxylic
acids having between about 16 and abouf 18 car-
bon atoms per molecule.

2. A normally liquid, non-lubricating mineral
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oil fraction containing between about 0.0006 per
cent and about 0.008 per cent, by weight, of an
antirust agent selected from the group consisting
of (1) dimeric acids produced by the condensa-
tion of unsaturated, aliphatic monocarboxylic
acids having between about 16 and about 18 car-
bon atoms per molecule, (2) dimeric acids pro-
duced by the condensation of hydroxyaliphatic
monocarboxylic acids having between about 16
and about 18 carbon atoms per molecule, (3) tri-
meric acids produced by the condensation of un-
saturated, aliphatic monocarboxylic acids having
between about 16 and about 18 carbon atoms per
molecule, (4) trimeric acids produced by the con-
densation of hydroxyaliphatic monocarboxylic
acids having between about 16 and about 18 car-
bon agtoms per molecule.

3. A normally liquid, non-lubricating fraction
of mineral oil containing between about 0.0006
per cent and about 0.008 per cent, by weight, of
essentially dimerized linseed oil fatty acids hav-
ing the following characteristics:

Neutral equivalent
TIodine value 80-95
Dimeric acid Approx. 856%
Trimeric acid and higher polymers. Approx. 12%
Monomeric acid Approx. 3%

290-310

4. A normally liquid, non-lubricating fraction
of mineral oil containing between about 0.0006
per cent and about 0.008 per cent, by weight, of
essentially dimerized castor oil fatty acids hav-
ing the following characteristics: .

Neutralization No__._____________ 159-164
Bromine NO— oo 19-21
Dimeric 2¢id - oo About 45-50%
Trimeric acid and higher poly-

IS o Balance

5. A composition as defined in claim 3 where-
in the normally liguid, non-lubricating fraction of
mineral oil is kerosene.

6. A composition as defined in claim 3 where-
in the normally liquid, non-lubricating fraction
of mineral oil is a distillate fuel oil.

7. A composition as defined in claim 3 wherein
the normally liquid, non-lubricating fraction of
mineral oil is gasoline.

8. A composition as defined in claim 4 wherein
the normally liquid, non-lubricating fraction of
mineral oil is a distillate fuel oil.

9, A composition as defined in claim 4 where-
in the normally liquid, non-lubricating fraction
of mineral oil is gasoline.

PHILLIP S. LANDIS.
ELWOOD B. BACKENSTO.
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