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This invention relates to a novel method of pre-
venting discoloration. of fuel 0il§ and more par-
ticularly to the use of a particular additive mix-
tiire in fuel .oils to preévent discoloration thereof.

The fuel oils to which the present application
is.directed, in génetral, comprise hydro¢arbon, dis-
tillates boiling above the range of the gasoline
and thus include particularly:kerosene, #1 fuel
oil, #2 fuel oil, burnet oil, diesel oil; etc., as well
as compositions containihg these oils such as_jet
filels, tractor fuels, etc. These 0ils, in. storage,
tenid to undergo discolorition and turn.from.a
light to a dark color. . Most consumeis object to
the dark colored oils arid, therefore, will. not pur-
cHase thHe discolored.oils at.the premium price
hotmally prevalent. for the light.colored oils. In
fact, some of the, spec1ﬁcat1ons for, these ons in-
clude a minimum color requirement which the
darker o1ls cannot meet ) -

The treatment of fuel oﬂs presents a

As. herembefore set

compos1t10n of . fuel o1ls
forth, fuel oils are h1gher boﬂmg than gasolme

and, because of the higher bo g characterlstlcs
fuel 011s conta“m a higher fumber and wider va-
rlety of dlfferent compounds. It is well kilowii
that, as the molecular weight or boilitig Tange 6f
4 hydrocarbon distillate incréases,; the fiuitiber of
{somers of a-partievlar boiling range and the
- niimber of different chiemical structires increase.
Further, fuel oils..vary.considerably. . depending
ipon. the source of the crude petroleum; that.is,
the composition of fuel oils varies considerably
as-to the geographic source of the ceride oil...

Y. g DI
of cycle stocks from the crackmg operat
fu il orasé component in fuel oil is g.
THe térii “cyele stoek” 1§ used becéuse the fuel
oil is separated from & fraetion wHich is recycled

to thé craekitiz process for further converSion ..

theiein. Pitel oils derived from cycle stocks like-
wise .coniprise 4 .compléex . compositioh which is
dependent, upon the source of the original crude
011 and upon Whether fhe cracking is non-cata-

tne oartmular crackmg operatmn employed o
stlll further, ,present practrces include blendmg
i1 Wlth clé sto 0;

f,uel

virgin and cycle stocks.

or, catalytm,, as well as upon the severity of |,

for market; )
contalns the complex compos1t1ons of both the -

(CL 44—73)
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From the above description, it is.apparent, that
the treatmerit of fuel oils is a.difficult. propblem.
It has been found that theé use of any.given addi-
tive or even a mixtire of two.ddditives, will-not
sérve Satisfactorily to. retard discoloration .of.all
or.even the greater portion of virgin fuel oils.from
différent. geographic_sources, .of. eycle stock fuel
oils, or of blends of.virgin and.cycle stocks... The
résponse. ar.susceptibilify of fuel oils to.additives
varies considerably depending upan the geggraph-
ic sburce. and the type.of. treatment, . However
for.an additive for use.in. fuel oils to beucomm,er-
cially satisfactory, it must satisfy the greater por=
tion. of .commercial fu€l. oils.- regatdless. of the
Source.or type.of treafment. The present. invens
tion. offers .a novel. additive. mixture .which will
satisfy a. large variety of ¢commercial fuel oils. ...

:It.is readily appreciated that the use of .an
additive mixture as proposed in the present.invens
tion. will. find a ready.acceptance in_the fuel il
industry because.it will accomplish results, which
otherwise are not gbtainable. .. This. will.prove to
be. of great advantage to refiners who. at present
are.facing extreme hardship in retarding discol-
oration .of fuel . oils, and, therefore, are _having
dlfﬁculty in satlsfactorlly mar ketmg their fuel
01ls. s it

In one embodlment the present mventlon re-
la.tes to a- method of-reterdlntr d1scolorat10 ]

i

tive. mixture comprising (1) the condensation
product of, a.benzaldehyde and an alkanol .amine,
(2) an al 1

In a SpeClﬁc embodnnen the present mventlon

‘ relates to 2. method of retardmg d1scolorat10n of

a,fuel oil which comprises, addmg theleto a sta-
b111z1ng amount of an. edd1t1ve mlxture comprls-
ing, (1) _the cond tion product, of & benzalde-

3 hyde( and an alkanol amme contammv from

about 2 to about 12 carbon atoms DEr, moleoule
(2)_an  alkanol amine containing from about 8
to about 40 carbon atoms per. molecule, (3) an
alkyl mme conta1mng from about.6 bo. about 20
carbon 4toms per molecule and (4) a metal de-
actlva,tor ‘ . s e
.. The addltlve mmture of the plesent 1nv ior
as hereinbefore set forth is adapted for use i
wide, vanety, of . fuel 011s Each of. the com

S t I'S.T A
components cooperates with thé other CcOmpon
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and is mutually dependent thereon for successful
use in the manner herein intended.

The additive mixture includes the condensa-
tion product of a benzaldehyde and an alkanol
amine containing from about 2 to about 12 car-
bon atoms -per ‘ molecule. The benzaldehyde
may contain alkyl substituent groups attached

to the benzene mucleus but preferably does not

contain a polar group (a group containing oxy-
gen, nitrogen and/or sulfur) attached to the
benzene nucleus as this substitution has been
found to decrease solubility of the compound in
fuel oils. On the other hand, the presence .of
a hydrocarbon radical on the benzene nucleus
will increase solubility. The alkanol amine con-
tains from about 2 to about 12 carbon atoms
per molecule and, therefore, includes ethanol
amine, propanol amine, butanol amine, hexanol
amine, heptanol amine, octanol amine, nonanol
amine, decanol amine, undecanol amine and do-
decanol amine,

The condensation of a benzaldehyde and an
alkanol amine is readily effected at room tem-
perature by mixing of the two reactants, prei-
erably with stirring. The reaction is exothermic
and provision may be made for coocling to absorb
the heat of reaction. The products are then
treated by distillation, preferably under vacuum,
azeotropic distillation, solvent extraction or in
any suitable manner to separate the water of
reaction from the desired condensation product.

The second component. of the additive mixture
comprises an alkanol amine containing from
about .8 to about 40 carbon atoms per molecule
and thus will include octanol amine, nonanol
amine, etc. up to tetracontanol amine, or mix-
tures thereof. A particularly preferred alkanol
amine for use in accordance with the present
invention comprises the reaction product of
ethylene oxide with an alkyl amine confaining
from about 10 to about 20 carbon atoms per
molecule. This reaction is readily effected at
room or slightly elevated temperature, and the
condensation product will generally contain sev-
eral ethyl hydroxyl radicals which may vary from
2 to 20 or more. In place of ethylene oxide,
other suitable alkylene oxides may be employed
including propylene oxide, butylene oxide, ete.
In general, it is preferred that the alkanol amine
contams at least one branched chain grouping
per molecule and also preferably comprises a
mixture of at least two different alkanol amines.

Another component of the additive mixture
comprises an alkyl amine containing from about
6 to about 20 carbon atoms per molecule and thus
includes hexyl amine, heptyl amine, octyl amine,
ete. up to eicosanol amine or mixtures thereof.
The alkyl amine preferably includes at least one
branched chain grouping molecule and also pref-
erably comprises a mixture of at least two dif-
ferent alkyl amines.

The next component in the additive mixture
comprises a metal deactivator, which term is
used to define a compound having the property
of offsetting the deleterious effect of metals such
as copper, vanadium, iron, cobalt, nickel, ete.
to catalyze discoloration of the fuel oil. The
metal deactivators are further defined as com-
pounds capable of forming chelate compounds
with the metals. A particularly preferred metal
deactivator comprises the condensation product
of an ortho hydroxy aromatic aldehyde with an
alkylene polyamine. A particularly preferred
metal deactivator is disalicylal diamino propane
formed by the condensation of salicylaldehyde
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and propylene diamine. Another satisfactory
metal deactivator comprises the condensation
product of salicylaldehyde with an o-aminophe-
nol. Still another satisfactory metal deactivator
comprises the tetra sodium salt of ethylene di-
amine tetraacetic acid and similar compounds.
In general, it is preferred that the metal deac-
tivator does not contain more than about 25
carbon atoms per molecule.

It generally-is preferred to utilize the additive
mixture in a suitable solvent in order to insure
complete solubilibty of the additive mixture in
fuel oils. Any suitable solvent may be employed,
including alcohols; ketones, ete. A particularly
preferred solvent comprises isopropanol.

The concentrations of the various components
in the additive mixture may be varied over rather
a wide range but, in general, will be within the
following limits: from about 10% to about 50%
by weight of the condensation product of a ben-
zaldehyde and the alkanol amine, from about
10% to about 70% by weight of the alkanol
amine, from about 10% to about 70% by weight
of the alkyl amine, and from about 1 to about
209% by weight of the metal deactivator. The
solvent will generally be utilized in an amount
of from about 10% to about 50% by weight of
the additive mixture.

The additive mixture as hereinbefore set forth,
will generally be satisfactory in a wide range
of fuel oils. However; in some cases, it may be
desirable to also include in the additive mixture
an antioxidant and more particularly a phenolic
antioxidant such as alkyl phenols, alkoxy phe-
nols, alkyl-alkoxy phenols, amino phenols, naph-
thols, alkyl naphthols, alkoxy naphthols, alkyl
hydroxy coumarans, etc. It is understood that
a mixture of two or more different phenolic
compounds may be employed. The phenolic
compound, when employed, will generally be
utilized in an amount of from about 10 to about
50% by weight of the additive mixture.

The additive mixture will be mcorporated in
the fuel oil in an amount of less than about 1%
by weight of the fuel oil and more particularly
in an amount of from about 0.0005% to about
0.1% by weight. It is understood that this ad-
ditive mixture may be utilized along with other
additives added for a specific purpose as, for ex-
ample, when the fuel oil is to be used as diesel
fuel, a cetane improver may also be incorporated
in the oil.

Even with the multicomponent additive mix-
ture of the present invention, some fuel oils may
not be completely responsive to treatment there-~

~ with. In such cases, it may be desirable to first
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subject the fuel oil to treatment with caustic,
acid and/or clay treatment, and thereafter in-
corporate the additive mixture to the fuel oil.
Treatment in this manner has been beneficial
in some cases and, therefore, is included within
the scope of the present invention.

In addition to the beneficial results obtained
insofar as preventing discoloration of fuel oil, it
has been observed that the additive mixture of
the present invention also reduces sediment for-
mation in fuel oils and this, therefore, provides
a further advantage to the novel additive mix-
ture.

The following examples are introduced to il-
lustrate further the novelty and utility of the
present invention but not with the intention of
unduly limiting the same.
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EXAMPLE T

“Fhe fuel oil ased inthis example was:a typical
#2 fuel -6il .comprising ‘eatalytic cycle :stoek ro~
sulsing from thecracking of & Mid-Continent oil.
The fuel 0il had an A. P. I. geevity at680° F.oof
30.3, an initial boiling point-of 422° P. and an
end boiling peint af 603° F.

Discolaration:of the: fuel oil was determined. in
an aceelerated test in which-differend samples of
the: fuel oil were placed in-a.-constant tempera-
ture oil bath maintained at 212° F. and the-coler
determined safter 20 hours. The color was de-
termined by +the A. S. T. M. photeclectric eolor
method as described in the.A. 8. T. M. Standards
- en'Petroleum Products:gnd Labricants, page 615,
October 1947 edition. ‘This: test-eprrelates fairly
well with long time storage tests:as will-beshown.
in:some of ‘the following examples.

The -additives used in the following semple
are as follows: -(A) ‘benzalaminopropanel formed
by the -condensation -of henzaldehyde and iso~-
prapanol amine, (B) -an alkanol amine .mixture
formed by the condensation .of ethylene oxide
with a mixture of -alkyl amines containing from.
about. 16 to-about 18 .carhen atems per molecule,
) an alkyl amine fraction .comprising a. mix-
ture-of alkyl amines-containing from abeut-8 to.
about 14:.carborn :atoms per molecule, .and ) &
nretal deaetivator comprising -disalicylal -dismine
propane formed by the condensation .of 'salicyl~
aldehyde and 1,2-propylene diamine. In the in-
terest. ‘of -simplicity, these additives will be. re~
ferred to-in the following table accerding to-the
letters mdicated abowve.

The-additive mixture of the present. invention,
hereinafter .referred to as ‘B, comprised, on a
weight basis, approximately 21% A, 40% B, 15%
C, 4% D and 20% of a solvent-cemprising iso-
propanoel.

‘Before the start of the accelerated. test the
fuel oil had an.A. S. T. M. color index of 93. Dif-
ferent.samples of the oil were tested in the .ac-
celerated test described abeve, with the follow-
ing. results: Each additive was usedin an.amount

of .0.03% by weight..
‘Table 1

|4, 8.7, M.

Additive. Photaelectric:

Color. Index
None: PR 15
O 688
Bu .. frird
[} 52
Do - B 2

From the above data it would appegr that atd-
ditive B in itsélf ‘would ‘be satisTactory ‘fo retard
discoloration of the Tuél-oil. However, the par-
tieular sample-of the fuel -oil used in this exsm-
ple was free from metdls. Upon the addition-of
a small amount of icopper tothe ‘fuel-oil, it was
noted. that the color index fell considerdbly.
Therefore, another sample of the fuel oil con-
taining metal was tested with additives B.and D.
This did not prove satisfactory as will be shewn
by ‘the duta in the following table. Also, vari-
ous -other ‘combinations -of additive B with ‘the
otheradditives were tried, :and these resultsare
also shown ‘in ‘the Iollowing iakle, as well Bs
the results of :additives.A and Drand of additive
mwixture B, Eachadditive wasused incan-amount
o1 90:03% by ‘weight.
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Fabvle 2

A, 8. T. M.

Additive Photoelectrie

Color Index
B-D. 45
BFA.. 49
§ . E 5 1 O R 57
B I 61

From the data in the above table, it is appar-
ent that additive mixture E .is better than the
other comibinations tested. As hereinbefore set
forth, additive mixture E is dlso more desirable
‘beecnuse -of iits satrsfam;ary use in: a Wlde varl.ety
of ‘different fuel oils.

EXAMPLE TI

The fuel oil used in this example was a typical
#2 fuel .gil comprising catalytic -cycle sfock
formed in the eracking of a. West Texas 0il. In
this example the additives were employed in an
amount -of -0.05% by weight. Additive F com~
prised a .mixed :alkyl -amine fraction -containing
primarily 12 earbon atoms per meolecule and thus
is comparable to previously referred to additive
C. The results of the accelerated tests are given
in the folowing table: Prior to the accelerated
test, the fuel oil had.a color index of 93.

Table 3
TA s UM
Additive -} Photoelectric
: + Cyler dredex
22
13
6
3
fili)

It will be noted that additive-mixture E in this
series of tests was considerably better than any
of the additives glone. -

The fuel-oil described in Example 1T was sub-
jected to storage tests at TDO*F., and the resulls
of these tests after 22 days .are given in the fol-
lowing table: 'The addiftives were employed in
gn amount of 0.05% by weight.

Table 4
A, S . T. M.
Additive Photoelectric

" Color'Index
B0 1T TR 29
- UL SO 35
B o e eem e 42
F — 15
E —— - 57

‘Here ggain, it will'be noted that additive mix-
ture ¥ “was considerably better than the indi-
vidual components.

BEXAMPLE. IV

“This -example shows the resulis of -acid treat-
ing of the fuel wvil before the incerporation of
additives. A portion of the fuel oil was freated
with 5 pounds ©of 98% sulfuric acid at room tem-
perature. The results of the accelerated tests of
different samples .of the fuel -oil, with and with-
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out acid treatment, and with and without addi-
tives are shown in the following table:

Table 5.

A. S.'T. M. Photo-
electric Color Index

Additive :
Acid-

‘Untreated
§ Treated
Fuel Ol | gye) 011
...................................... 0.5 L 147
0. 05% Additive B ___o______..__ 2.2 79.9

It will be noted that with this particular fuel
oil response to additive E was considerably im-
proved by previous mild acid treatment.

 EXAMPLE V

- This example illustrates the benefits obtained
by caustic treatment. The fuel oil used in this
example was a West Texas virgin gas oil and
was caustic washed prior to incorporation of the
additive. The results of this test are shown in
the following table. Prior to the accelerated
tests, the fuel oil had a color ‘index of 96.5. ‘

_'Table 6

A, 8. T. M.
Photoelectric
_Color Index

Additive

93

It will be noted that the sample fuel oil with-
out additive dropped in color index from 96.5 to
77.4 and that use of the additive maintained the
color at 93.

‘The fuel oil used in this example was a mixture
of 50% virgin gas oil and 509% catalytic cycle
stock. The blended fuel oil prior to storage, had
a color index of 95. The following table shows
the results of both the accelerated test and after
storage at 100° F. for 22 days .

Table 7

A. 8. T. M. Photo-
electric Color Index

Additive - -
Accelerated | Storage
Test Test
70.6. 68
83.8 80

It will be noted that additive mixture E served
effectively to retard discoloration of the blend
of virgin and cycle stocks. Further, this ex-
ample illustrates the satisfactory: correlation -of
the accelerated test with the actual storage test
of 22 days. : .

We claim as our invention:

1. A fuel oil heavier than gasoline containing
from about 0.0005% to about 1.09% by weight of
an additive mixture comprising (1) from about
10% to about 50%: by weight of a behzalamino-
alkanol in which the alkanol group contains from
about 2 to about 12 carbon atoms per molecule,
(2) from about 10 to about 70% by weight of an

alkanol amine containing from about-8 to-about 75

77.4
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40 carbon atoms per molecule, (3) from about
10 to about 70% by weight of an alkyl amine con~
taining from about 6 to:about 20 carbon atoms
per moleculé-and (4) from about 1 to about 20%
by weight of & metal deactivator comprising a
compound’ “capable of forming  chelate com-~
pounds with metals. :

2. The composition of claim 1 further char—
acterized in that said additive mixture also con-
tains a phenolic antioxidant in an amount of
from about 10 to about 50% by weight of sald
mlxture -

3. The composition of claim 1 further char-
acterized 'in  that said metal deactivator com-
prises disalicylal diamino propane.

4. A fuel oil heavier than gasoline contfaining
from about 0.0005% to about 1.0% by weight of
an additive mixture comprising (1) from about
10% to abeut 50% by weight of a benzalamino-
alkanol in which the alkanol group contains from
about-2 to about 12 carbon atoms per molecule,
(2) from about 10 to about 70% by weight of an
alkanol amine containing from about 8 to about
40 carbon atoms per molecule, (3) from about 10
to about 70% by weight of an alkyl amine con-
taining from about 6 to about 20 carbon atoms
per molecule, (4) from about 1 to about 20% by
weight of a metal deactivator comprising a com-
pound capable of forming chelate compounds
with metals and (5) from adbout 10 to about 50%
by weight of a solvent comprising isopropanol.
5. A fuel oil heavier than gasoline containing
from about 0.0005% to about 0.1% by weight of
an additive mixture comprising (1) from about
10% to about 50% by weight of benzalamino-
propanol, (2) from about 10 to about 70% by
weight of an alkanol amine containing from
about 8 to about 40 carbon atoms per molecule,
(3) from about 10 to about 70% by weight of an
alkyl amine containing from about 8 to about 14

- carbon: atoms per molecule, (4) from about 1 to

about 20% by weight of disalicylal diamino pro-
pane and (5) from about 10 to about 50% by
weight of -isopropanol.

6. The composition of claim 5 further char--
acterized in that said additive mixture also con-'
tains a phenolic antioxidant in an amount of
from about 10 to about 50% by weight of said
mixture. . o

7. A fuel oil heavier than gasoline containing
a stablizing amount of an additive mixture com-
prising (1) from about 109% to about 50% Dby
weight of a benzalaminoalkanol in which the al-
kanol group contains from about 2 to about 12
carbon atoms per molecule, (2) from about 10 to
about 70% by weight of an alkanol amine con-
taining from about 8 to about 40 carbon atoms
per molecule, (3) from about 10 to about 70% by
weight of an:alkyl amine containing from about
6 to about 20 carbon atoms per molecule and (4)
from about 1 to about 20% by weight of a metal
deactivator comprising a compound capable of
forming chelate compounds with metals.

:.8. The composition of claim 7 further char-
acterized in that said metal deactivator comprises
disalicylal diamino propane. )

9. A stabilizing composition suitable for pre-
venting discoloration of fuel oils comprising (1)
from about 10% to about 50% by weight of a
benzalaminoalkanol. in which the alkanol group
contains from about 2 to about 12 carbon atoms
per molecule, (2) from about 10 to about 70% by
weight. of an alkanol amine containing  from
about 8:to about.40 carbon atoms per molecule,
(3) from about 10 to about 70%_ by weight of an.
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8
alkyl amine containing from about 6 to about
20 carbon atoms per molecule and (4) from about
1 to about 20% by weight of a metal deactivator
comprising a compound capable of forming
chelate compounds with metals.

10. The composition of claim 9 further char-
acterized in that said metal deactivator com-
prises disalicylal diamino propane.

RALPH B. THOMPSON.
JOSEPH A. CHENICEK.
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