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This invention relates to a novel method of pre-
venting discoloration of fuel oils and more par-
ticularly to the use of a particular additive in fuel
oils to prevent discoloration thereof.

The fuel oils to which the present application
is directed, in general, comprise hydrocarbon dis-
tillates boiling above the range of gasoline and
thus include particularly kerosene, #1 fuel oil,
#2 fuel oil, burner oil, diesel oil, etec., as well as
compositions containing these oils, such as jeb
fuels, tractor fuels, etc. These oils in storage
tend to undergo discoloration and turn from a
light to a dark color. Most consumers object to
the dark colored oils and, therefore, will not pur-
chase the discolored oils at the premium price
normally prevalent for the light colored oils.” In
fact, some of the specifications for these oils in-
clude a minimum color requirement which the
darkened oils cannot meet.

In one embodiment the present invention re-
lates to a method of preventing the discoloration
of fuel oil which comprises adding thereto the
condensation product of a cyeclic and more par-
ticularly a cyclic carbonyl compound and an
alkanol amine.

In a specific embodiment the present invention -

relates to a method of preventing discoloration of
fuel oil. which comprises adding thereto. from
about 0.0005% to about 0.1% by weight of the
condensation product of benzaldehyde and pro-
panol amine.

The additives of the present invention are illus-
trated by the following general structure:’

RI
Rt N—X—0—R"

where R is selected from an aryl group and an
unsaturated heteroeyclic ring containing as the
hetero atom an element selected from oxygen,
sulfur and nitrogen; R’ is selected from hydrogen
and a hydrocarbon group; X is selected from an
alkylene and an arylene group; and R’’ is se-
lected from hydrogen and a hydrocarbon.group.
Referring to the structure .hereinbefore  seb
forth, it is preferred that R comprise an aryl
group. While the aryl group may contain one or
more substituents attached thereto, it is particu-
larly preferred that the substituents do not com-
prise a polar group because it has been found that
oxygen, sulfur or nitrogen-containing groups de-
crease the solubility of the additive in fuel oil
and, therefore, interferes with the effective use of
these additives. On the other hand, the substi-
tution of an alkyl group or groups on the aryl ring
is satisfactory and, in some cases, desirable be=
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cause these groups will enhance solubility of the
additive in the fuel oil. )

Other R groups included within the scope of
the present invention comprise an unsaturated

“heterocyclic ring containing oxygen, sulfur or

nitrogen in the ring. Included within this class
are groups such as the furan, thiophene, pyrrole,
pyridine, quinoline, etc. as well as compounds
containing this econfiguration such as coumarone,
benzothiophene, indole, quinoline, ete.

The preferred compounds are readily prepared
by the condensation of benzaldehyde with an
alkanol amine. The alkanol amine preferably
contains from 2 to about 12 carbon atoms per
molecule and thus includes ethanol amine, pro-
panol amine, butanol amine, pentanol amine,
hexanol amine, heptanol amine, octanol amine,
nonanol amine, decanol amine, undecanol amine
and dodecanol amine. It is preferred that the
amino group and the hydroxyl group are at-
tached to adjacent carbon atoms. This is readily
obtained with ethanol amine, isopropanol amine
(2 - hydroxy - propyl amine), 2 - hydroxy - butyl
amine, 1-amino-2-hydroxy-2-methyl-propane, 1-
amino-2-hydroxy-2-methyl-butane, 2-hydroxy-
pentyl amine, 5~amino-4-octanol, efe.

The condensation of benzaldehyde with an al-
kanol amine is readily effected at room tempera-
ture by commingling the two reactants, pref-
erably with stirring. The reaction is exothermic
and, when desired, means may be provided to cool
the reaction and absorb the heat thereof. The

‘product then may be treated in any manner to

separate the water of reaction from the desired

-condensation product, and this may be accom-

plished by distillation under vacuum, azeotropic .
distillation in the presence of a hydrocarbon sol-
vent, solvent extraction with a hydrocarbon such

‘as benzene under liquid phase to form two layers,
separating the aqueous layer and subsequently

distilling the benzene from the desired condensa-
tion product. -It is understood that any suitable
method of preparing these compounds is included
within the scope of the present invention. )
. The preferred compounds prepared in the man-
ner hereinbefore set forth include benzalamino-
ethanol, benzalaminopropanol, benzalaminobuta-
nol, benzalaminopentanol, ete., the preferred ad-
ditives preferably contain from about 9 to about
20 carbon atoms per molecule. As hereinbefore
set forth, when desired the aryl ring may con-
tain hydrocarbon groups attached therefo and
particularly alkyl groups.

‘When the cyclic group comprises an unsatu-
rated heterocyclic ring as hereinbefore set forth,
the desired additive may be prepared by the con-
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densation of the corresponding aldehyde with an
alkanol amine. 'Thus, furfural may be condensed
with the alkanol amine under substantially the
same conditions as-hereinbefore set.forth. It is
understéod that othie¥ suitable nisthods: of pre-
paring the desired product may be ethployed in
accordance with the present invention. How-

ever, it is understood that the additives prepared”
in this manner are not necessarily equivalent to

those prepared from an aromatic aldehyde.

The additives of the present invention and
particularly those prepared fioni’ Benzgldeliyde
offer numerous advantages over other additives
for this purpose.
invention are comparatively low in cost, being

prepared from rather cheap stérting nigterialss

Further, these additives are readily soluble: it
fuel oils and are not readlly extracted by caus-
tic or water.

The additives of the present invention are
added to fuel oils in amounts of léss than about
1%. and preferably in an amount of from abotit
0:0005.9%. to- about 0.1% by weight. It is” urider-
stoed that these additives miay beé used in con-

jurietion with: other additives, such das metal de- :

activators, antiexidants and. preferably antioxi-
dants-of the phenohc type, syriergists, cetane im-
provers;. additives which are 1ncorporated for
improving. burning. properties of tle oil, €tc.
Fuel-oils at the presént time are geherally ob-
tained from- two. major sources. Oi€ of these
sotrees- comprises the. non-destructive distilla-
tion: of petrolewm 01} and the fuel oil s¢ obtaiiied
is-generally referred tosin-the art as straight rin
or virgin fuel eil. The other major sourc# is
from: cabtalytic and. non-ca.talytxc cracKirig proc-
esses- and. these fuel oils are generally reféeried
t6+in- the: art- as- cycle: stocks. The term “eycle
stock? is-used because. the: fuel- oil is- separited
fiom:a fraetion which is-recycled to: the cracking
proecess- for- further conversion- therein. Many
commereial fuel oils'comprise a-mixture of virgin
oil and cycle- stock.. In-the-past,-fuel oils have
come mostly from- virgin: distillates- but, with: the
increasing amount of catalytic. crackmg proc-
esses being installed; a- considerable quantity: of
catalytic eycle stock-is-available and is-being used
for: fuel-oil;- 'Fhe properties of the fuel oils vary
considerably: depending upon: the: source of” the

original- cfude oil and- this- difference in-proper- ;

tie is‘carriéd through: te the-cyele stoeks. Fur-
ther, blends of the virgin and cyele stocks-appear
torundergo discolotation:to-a greater extent-than
tite-unblehded: oils; and-the present invention:-is,
therefore; particularly advantageous for use-with
the blefided oils: o
In view of the difference inx properties: of the
variods: oils; their resperse: to: the: additives of
the: present iniventiori will: accordingly vary.
However,. all: of these- oils - will: be irfiproved: by
trextment: with the- additive of the' pfesent: in-
vension: Further, while theser oils: will' vary-¢on-
siderably: aniong themiselves, they vary’ morg so
fromy gasoline: and’ other lighter products: ifiso-
Pat ax response to: additives is-concerhed: Thus,
eeitain inhibitors which- are used: in: gasoline and
effectivelyr serve:to> retarq deterioration tHereof
Wilk be of no’ value and in: some cases even may
be hartisful when utilized: in fuek oils: Thus; for
example, when' 0:029% by weight «~naphthol’ or
pyrogallel was added to ai fuel oil blend of virgin
and catalytic cycle stocks, sediment: formation: in-
dreagad over double overr those obtained: it the
ghsence: of: sdded: material: J-naphthol and
pyrogsllok dver generally considered: as satisfac-

The additives of the present
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tory gasoline inhibitors but in the case of fuel
oils they actually proved harmful. Similarly, a
metal deactivator comprising disalicylalpropyl-
ene diamine, when added to another sample of
the fuel ¢il blerd meritioned dbove, was: ineffec-
tive to retaid sediment forinatiorn in the fuel oil.
The same general corclusions are applied to the
discoloration of fuel oils and it definitely has been
est'abiished that there is no correlation between

pared to their use in fuel oil.

Ay heréinbefore’ set forth, the properties of
fuel oils vary conisiderably and, when confront-
ed with a fuel oil which does not seem to be par-
ticularly responsive to the application of addi-
tives, it may be’ desirable to subject the fuel oil
to- 4~ preliminary treatment such as with caustic
acid,. elay treating, etc. Such treatments have
proved beneficial in improving the properties of
the fuel oil to respond to the application of addi-
tives: and it is' within' the'scope of the present in-
verition to emiploy such tréatments in conjunc-
tion with the application of the additives herein
set- forth.

Tﬁe‘fdﬂbwmg”examples are introduced to illus-
trate the novelty and utility of the present in-
vertion but not with the intention of unduly lim-
iting the same:

The fuel oil used. in. this-example was a. typical
#2- fuel oil. comprising- cata,lytm cycle stock. re-
sultmg from the craeking. of’ Mid-Continent. oil.
The fuel oil had. an- A. P.. L. gravity at 60° F. of
30.3, an initial beiling. point of 422° F. and an
end-boiling point of 603° F.

Discoloration of the fuel. oil was determined
in an accelerated test-in- which-a sample of the
fuel oik is-placed- in- a- constant: temperature: oil
bath-maintained. at- 212° F. and. the color deter-
mined-after 20:hours. The-color was determined
by the. A: S: T. M. Photoelectric: Color Method
as described inthe:A. S T. M: Standards on Pétro-
leum Products and Lubricants, page 615, October
T4 edition:

The additive used ini this example’ was benzal-
aiminopropaniol prepared in’ the manner herein-
ﬁe‘for’e set fb‘rtl'_i'. 0.03% by weight of the addi-
tive was added to the fuel oil, and the results of
these tests are shown. in the following table.
B‘fef:;'e the test the: fuel oil had a color index
o X

Table 1
- A, S. T MG
Additive Photoselectric
Colot Index'
15,
60.6

If, will' be: noted’ fi'om the data in tHe above
table- phaﬁ the benzalamincpropanol served to
retard diseoloration of tlie fuel oil to a consider-
gble” exterit,

EXAMPLE IT

The fuel oil used-in this. example was a typmal
#2 fuel oil and had a boiling range of from.about
460° F.-to- about-620° F.. This fuel oil was sub-
jected: to’ caustic washing. prior to the addition
of: benzalaminopropanel, and- the samples: were
tested-in-the-manner -hereinbefore set forth: The



2,641,538

5
results of these tests are shown in the following
table:
Table 2

A, S. M.
Additive

Color Index

12
75

None
0.01% by weight of benzalaminopropanol ...

Here again it will be noted that the benzal-
aminopropanol served to retard discoloration to
a considerable extent, and also that the caustic
treatment improved the response of the fuel oil
to treatment with the additive.

EXAMPLE TIL

The additive used in this example comprised
furfuralaminoethanol. The fuel oil used in this
example was a typical #2 fuel oil and comprised
a blend of 75% of catalytic cycle stock and 25%
of virgin gas oil from a Mid-Continent crude.
Different samples of the fuel oil were stored at
100° F. for 111 days, and the results of these
storage tests are shown in the following table:

Table 3

A, 8. T. M.
Photoelectric
Color Index

Additive

60.5
88

About 0.01% by weight of furfuralaminoethanol ___

It will be noted from the data in the above
table that the furfuralaminoethanol also served
to retard discoloration to a considerable extent.

EXAMPLE IV

This example shows the superiority of the .,

condensation products of the present invention
over aliphatic amino hydroxy compounds as typi-
fied by 5-amino-4-octanol. In a series of storage
tests of samples of the blend described in Ex-
ample III, the following results were obtained
with various additives.

Table 4

A 8. T. M,
Photoelectric
Color Index

Insoluble
Gum Mg./
100 ml.

Additive

64.5
70,0
80.0
90.5

3.4
0.4
0.7
0.7

None, after 81 day8. oo ococccas
0.01% by welght of amino octanol,
After 77 A8YS oo
0.01% by wexght of benzalaminoethanol
after 77 ays_ oo e eeomceen
0.01% by weight of furfuralamino-
ethanol after 77 d8yS-oooooooce oo

Tt will be noted that all of the above inhibitors
retarded gum formation to a considerable extent
but that the benzalaminoethanol and furfural-
aminoethanol retarded discoloration to a con-
siderable extent, whereas the amino octanol did
not serve to retard color formation to the extent
obtained with the other additives.

Photoelectric -
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EXAMPLE V

This example illustrates the effectiveness of
benzalaminoethanol, prepared in accordance
with the feachings of the present invention, as
compared with benzylaminoethanol, prepared by
reduction of the benzalaminoethanol. The fuel
oil used in this example is a typical #2 fuel oil
comprising a blend of 25% virgin and 75% cat-
alytic cycle stocks from a Mid-Continent crude.
Different samples of the crude containing 0.01%
by weight of benzalaminoethanol and of benzyl-
aminoethanol were stored at 100° F. for 111 days.
The results of these tests are indicated in the
following table:

Table 5
A. 8. T.M. Insoluble
Additive Photoeleetric | Gum Mg./
Color Index 100 ml.
Benzalaminoethanol. ... _._____.__..._ 88 0.4
Benzylaminoethanol. .. .. ____.___ 73 1.1

It will be noted that the benzalaminoethanol
is considerably better, both insofar as color and
gum formation, than the benzylaminoethanol.

We claim as our invention:

1. A fuel oil heavier than gasoline containing,
as a retarder of discoloration, & compound se-
lected from the group consisting of a benzal-
aminoalkanol and a furfuralaminoalkanol, the
alkanol group of said compound containing from
about 2 to about 12 carbon atoms.

2. A fuel oil heavier than gasoline contammg,
as a retarder of discoloration, a benzalaminoalka-
nol in which the alkanol group containsg from
about 2 to about 12 carbon atoms.

3. A fuel oil heavier than gasoline containing,
as a retarder of discoloration, a furfuralamino-
alkanol in which the alkanol group contains from
about 2 to about 12 carbon atoms.

4. A fuel oil heavier than gasoline containing,
as a retarder of discoloration, benzalaminoetha-
nol.

5. A fuel oil heavier than gasoline containing,
as a retarder of discoloration, benzalamino-
butanol.

6. A fuel oil heavier than gasoline containing,
as a retarder of discoloration, benzalaminopenta-
nol,

7. A fuel oil heavier than gasoline containing,
as a retarder of discoloration, benzalaminopropa-
nol.

8. A fuel oil heavier than gasoline containing,
as a retarder of discoloration, furfuralamino-
ethanol.

RALPH B. THOMPSON.
JOSEPH A. CHENICEK.
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