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This invention relates to a method of stabiliz-
ing hydrocarbon materials and particularly to

a method of reducing the peroxide content{ of

hydrocarbons or preventing the formation of per-
oXides in hydrocarbons which - are exposed to air

. Or oxXygen.

It is well known that the presence of peroxldes
in petroleum hydrocarbons of the motor fuel
" range tends to induce the formation of gums and
to increase the knocking tendencies of motor fuels.
Peroxides have also been found to promote de-
terioration of petroleum lubricating oils, causing
. bearing corrosion in the absence of oxygen. It
is also known that the presence of peroxides is
particularly undesirable in hydrocarbons of the
diolefin type, since the diolefins tend to poly-
merize comparatively rapidly in. the presence of
small quantities of peroxides, whereby rubber-
like polymers are formed during storage. The
present invention relates particularly to the use
of additives which materially inhibit the spon-
taneous formation of peroxides and which will
reduce-the peroxide content of hydrocarbon ma-
terials when the peroxides are already present.
The invention is particularly concerned with the
reduction of the peroxide content of diolefins.

_ Studies of the reactions which butadiene, iso-
prene, cyclopentadiene, the piperylenes, and their
higher homologs undergo during storage and the
plant processing indicate that there are two types
of polymerization which may take vlace, One
type is the dimerization by & Diels-Adler type con-
densation, which is bimolecular and homogeneous
in the liquid phase under a variety of conditions.
The second type of polymerization, the formation
of plastic materials of high molecular weight, is
more serious since, if such polymerization is per-
mitted to proceed without control, not only will
severe losses of valuablé material result both in

storage and in operations such as distillation, but

stoppage of equipment will also be caused by solid
polymer masses. It has been found that this type
of polymerization is catalyzed by peroxides. Per-
- oxides of the diolefins may be formed by air oxi-
dation, and the rate of polymerization to plastic
substances is related to the peroxide concentra-
tion. Certain antioxidants have been found {o be
quite effective in preventing such peroxide for-
mation, the most useful being the antioxidants of
the phenolic type which have aliphatic side chains
which render the compounds at least moderately
-soluble in the hydrocarbons. In some cases the
side chain is not required. For example, it has
been demonstrated that the presence of hydro-
quinone practically completely prevents apprecia-
ble peroxidation of butadiene by air for a con-
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rendered more effective and will even reduce the
concentration of peroxides at a fairly rapid rate '
when added to & hydrocarbon already contami- !
nated by peroxides if a promoter is added which .
exhibit a standard oxidation potential within the
range of about —0.7 to 0. This potential value

is measured in volts referred to the hydrogen-

hydrogen ion couple as zero for unit activities at
25° C. Such potentials are tabulated in “Hand-

‘book of Chemistry and Physics,” 256th edition, pp.

1333-1334, and correspond to single electrode po-
tentials at 25° C. tabulated in Lange’s “Handbook

“of Chemistry” (1946), pp. 1073-1074.

This application is a continuation-in-part of
application Serial No. 537,540, filed May 26, 1944,
in which methylene blue chioride is claimed as
the antioxidant promoter. Methylene blue chlo-
ride has a standard oxidation potential of —0.53.
The present invention is concerned specifically
with ionizable metal compound or salt promoters
which exhibit standard oxidation potentials be-
tween 0 and —0.7, more preferably from —0.04 to
—0.53, including notably titanous, stannous and
cuprous salts, which have standard oxidation po-
tentials of —0.04, —0.13, and —0.17 .respectively.

As illustrative of the effect of peroxides on the

- polymerization -of diolefins, there will be deseribed
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siderable pericd, and further observations indi- -

cate that the same effect is obtained with iso-
prene.

It has been found, in accordance with the pres-
ent invention, that the antioxidant compound is

60

an investigation in which the polymerization of
isoprene to a viscous liquid of rubber-like poly-
mers was studied to observe the quantitative de-
pendence of polymerization rate upon peroxide
concentrations. ]
EXAMPLE 1

Measurements were made of the amount of
polymerization of pure isoprene at a ftempera-
ture of 60° C. in the presence of various quanti-
ties of the natural peroxide obtained by contact-
ing isoprene with air. ' The quantity of peroxide
present is indicated by the amount of active oxy-
gen present., The results are shown in Table I.

‘TaBLE I

Perozide catalyzed polymerization of p‘ure,’ isp-
: prene at 60° C,

. . 4
Active Per Cent per
Duration, -
Oxygen, + | Hour To High
P.p.M. | HOUS i T polymers 1
50 208 0.0001 .
100 137 0.0216
200 124 0.0434

1 Calculated by subtracting rate of dimer
formation.

The rate of formation of peroxides by the con-~
tact of hydrocarbons with air has been studied.
The opportunities of higher boiling hydrocarbons .
coming into contact with air in the process of
handling in the plant are particularly great. The
fact that the vapor pressures may be less than

one atmosphere at ordinary temperature provides




2,449,010

3

on occasion a partial vacuum into which air is

easily drawn. The Cs hydrocarbons are known
to be excellent solvents for oxygen.

EXAMPLE 2

) 4 :

With regard to the effect of antioxidants on
peroxides, studies have shown that the reduction
of peroxides by certain antioxidants used alone is
surprisingly low. Tests were made of the rate of

: ' & peroxide reduction in an aromatic hydrocarbon
The rate of peroxidation of pure (96%) is0- ° (o1 vion’ ot 80° and 110° C., the reduction in the
prene when maintained saturated with air at or- presence of antloxidant alone being compared
dinary temperatures in & darkened glass vessel gy 'y o amount of antioxidant in combina-
was determined. Data are given in Table IL tion with (1) methylene blue chloride and (2)
Taerx II B 10 stannous chloride.
0 of isoprene by air '
Rate of peroridation of isopr LE 4
Time, | A 0 .
H"r'f cg&m’ﬁg Results of the comparison of effect of tert.-
per million 15 butyl catechol and alpha naphthol on the reduc-
tlon of tert.-butyl hydroperoxide and isoprene
1 e peroxide in aromatic hydrocarbon solution for
65 260 & period of five hours for each test, with and with-
o o out promoter, are shown in Table IV.
‘ TaprLE IV
Reduction of peroxides
) Velocit;
TS“(‘}_"' Peroxide 1 Vessel Reductor 1 Promoter 3. Co%étcz‘mst’:,
1
NMB 1eatechol . Nm(? 883
80 | tert.-Buty] bydroperoxide| Glass.... {f?ft.ao.‘ff’.’_f‘?t_":c__?_::: “Wathylen bias Ghioride| 0,99
PRI 77 S 8nCls 1.2
. 0.00
80 | Isoprene peroxide. .______ _..do.._.. N 8: %
- %0
110 | tert.-Butyl hydroperoxidej Steel.__ ég

1 Initial concentration=100 P, P. M. active oxygen.

80,22 wt

4 Kl_log (1100/6)

From the data of Example 2 1t is apparent that
the peroxidation is auto-catalytic, i. e., the pres-
ence of peroxide catalyzes further peroxidation.

Studies were then made of the effect of various
antioxidants on the rate of polymerization of iso-
prene in the presence of added peroxide.

EXAMPLE 3

Inhibition of the polymerization of isoprene in
the presence of natural peroxides was studied at
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60° C., using 0.22% alphs naphthol, with and -

without the presence of methylene blue chloride

(0.03%) as a promoter. In all cases the peroxide

was present in an amount which provided 100

parts per million of active oxygen. Glass vessels

were used. The results are shown in Table IIT.
TasLe III

Inhibition of polymerization of isoprene at 60° C.
[In the presence of approx. 100 P. P. M. of active oxygen]

Per Cent
Per Cent
Substance added 1 Dfousam | BerHour | “ronipi-
Polymers ! tion 2
None....ooooeeomneano... C 122 0.0156 [1]
ﬂpﬁ naphtlg)tlﬁ.l.-i..---.tﬁ_l_._.; 189 0.0135 13
p na) 014-methylen
blue chloride. _....._...______ 188 0.0041 74
1 Calculated by subtracting rate of dimer formation.
Ratmeh 111:) resengg of
* Percentage Inhibition=100—{ g o100
: inhibitor
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» per cent concentration in each case,
3 Concentration 0.03 wt. per cent.

where c=active oxygen concentration in P. P.. M., at time ¢ in hours.

It will be noted that tert.-butyl catechol was
ineffective for reducing the concentration of
peroxide during the period of the test, which
was five hours, but that rapid reduction was
caused by adding an activator in the form of
methylene blue chloride or stannous chiloride,
The promoter alone did not cause reduction. A
similar effect was observed with alphsa naphthol.

The antioxidants which have been found to be
most effectively activated by the promoters of
the present invention are the phenolic type anti-
oxidants, by which is to be understood not only.
phenols and alkylated bhenols, but also the poly-
hydroxy benzenes, as well as hydroxylated naph-
thalenes, such as naphthols. Examples of such
antioxidants which are particularly useful are
the cresols, catechol, hydroquinone, pyrogsllol,
the naphthols, and their alkylated derivatives.
Since the exact mechanism of the action of the
invention is not known, it may find application
to other antioxidants. such as those containing
nitrogen and/or sulfur.

As stated above, the promoters which have
been used in conjunction with the aforesald
phenolic type antioxidants are compounds ex-
hibiting a standard oxidation potential between

0.7 and 0. As examples of these, ‘beside those

mentioned in Examples 3 and 4, the following
are especially mentioned: stannous acetate, other

" hydrocarbon soluble stannous salts, titanous

7

chloride, and lower oxides of copper, mercurous
chloride, uranous salts, trivalent molybdenum
salts and pentavalent molybdenum salts. The
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_promoter should be present in an amount equal
to at least 10% of the weight of the antioxidant;
and the amount of the antioxidant which it is
most desirable to use is about twice the theo-
retical amount: required for reduction of the
peroxide present,

The invention should not be considered as lim-
ited by any of the examples which are sef forth
above for illustrative purposes only, but is to be
limited solely by the terms of the appended
claims,

We claim: ‘ :

1. A composition containing a hydrocarbon
susceptible to peroxide formation and dissolved
therein a small amount of a phenolic type anti-
oxidant with a small amount of a compound of
a metal having a standard oxidation potential
between 0 and —0.7. o

2. A composition containing a hydrocarbon
susceptible to peroxide formation and dissolved
therein a small amount of & phenolic type anti-
oxidant with a small amount of a compound
of a metal having a standard oxidation potential
from —0.04 to ~0.53.

3. A composition containing a diolefin and dis-
solved therein a phenolic type antioxidant with
a small amount of stannous salt. :

4. A composition containing a diolefin and dis-
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solved therein a phenolic type antioxidant with
a small amount of stannous chloride.

5. A composition containing isoprene and dis-
solved therein a small amount of tertiary butyl
catechol with a small amount of stannous chlo-
ride.

6. A composition containing a diolefin and dis-
solved therein a phenolic type antioxidant with
a small amount of a titanous salt.

7. A composition containing a diolefin and dis-
solved therein a phenolic type antioxidant with
a small amount of a cuprous compound,

8. The method of reducing the peroxide con-
tent of a hydrocarbon material containing a
diolefin with a peroxide of the diolefin which
tends to cause polymerization of the diolefin com- .
prising the steps of heating said material in the
presence of a small amount of a phenolic type
antioxidant with a small amount of an anti-
oxidant promoter which is a compound of a metal
that exhibits a standard oxidation potential
within the limits of the standard oxidation po-
tentials for methylene blue chloride and titanous

chloride. B

RICHARD F. ROBEY.
JOHN FEDIRKO, .
- ALLAN E. BARNETT.




