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This invention relates to the stabilization of
natural rubber by the incorporation therein of
a material which prevents or inhibits cracking of
the rubber on fiexing. The flex-cracking inhibi-
tor employed is a cresylic acid alkylated with in-
troduction of at least about one, and generally no
more than about two, hydrocarbon substituents
of four to twelve carbon atoms for each molecule
of the acid. It has been found that the alkylated
cresylic acids do not discolor rubber as do the
most commonly used commercial flex-cracking
inhibitors. These badly discolor lght-colored
rubbers, such as the white sidewalls of tires and
other rubbers heavily loaded with white  plg-
ment. ‘

Cresylic acids are obtained from petroleum
sources and also from coal and wood derivatives,
as by the treatment of coal- and wood-tar distil-
lates. They are available in large quantity and
are relatively inexpensive. The term “cresylic
acid” is used to designate a mixture of phenolic
materials, particularly - cresols, xylenols, tri-
methylphenols, tetramethylphenoils, ethylphenols
and methylethylphenols, and also some higher
homologues. The higher homologues include
at most no more than a trace of any propyl or
higher alkylphenol.

One method of obtaining petroleum cresylic
acid is to extract a cracked petroleum distillate
with aqueous caustic soda and thus obtain the
salts of the mixture of acids which go to make
up the cresylic acid. The resultant solution con-
taining some dissolved oil separates from the dis-
tillate by settling. This oil is removed by steam
distillation, and the residual solution is acidified
to free the cresylic acid which, on standing, rises
to the top of the water solution. The acid is
then usually recovered by distiliation in a vacu-
um, and it is customary to separate the distillate
into fractions of different boiling ranges. These
may be further purified if desired. The total
acid includes cresols, ethyl-, dimethyl-, trimeth-
yl-, and tetramethylphenols. Itcontains no more
than a trace, if any, of a phenol alkylated with
a group which contains three or more carbon
atoms. . ' .

The mixture of acids in the lower bolling frac-
tion of a cresylic acid, whether it be derived

Tom petroleum, coal or wood, is of the same gen-
eral composition. This is true of the cresylic
acids which boil from 190° {o 250° C. at atmos-
pheric pressure. The alkylation derivatives of

(CL 260—810)

such acids form the preferred stabilizers of this
invention.

The compositions of the higher bolling frac-
tions are quite different. The higher cuts of

8 cosal-tar cresylic acids—for example, those boil-

ing above about 250° C.-——contain fused ring com-
pounds, such as naphthols, etc. The alkylation
derivatives of these higher boiling coal-tar
cresylic acid fractions are not as desirable for

10 use In rubber as the alkylation derivatives of the

higher cuts of petroleum cresylic acids. The
latter are also preferred to the alkylation de-
rivatives of the higher cuts of the wood-tar
cresylic aclds.

18 The boiling range of the alkylated cresylic

acids varies. In géneral, it may be said that these
compounds have an initial boiling point of at
least 100° C. at 10 mm. pressure. If a butylene—
for example, isobutylene, is used for the anlkyla-

20 tion, the reaction product will begin to bofl at

about 100° C. under 10 mm. pressure. If diiso-
butylene is used the initial bofling point will be
in the neighborhood of about 120° C. at 10 mm.
pressure

25 Thus, the stabilizers of this invention are al-

kylated cresylic acids. Although g higher boil-
ing fraction of a petroleum cresylic acid may be
used for the alkylation, or a higher cut of an
alkylated petroleum cresylic acid may be used,

30 and is Included within the scope of this invention,

the invention relates more particularly to the
use of alkylated lower cuts of those cresylic acids
which boll at not over 250° C., and these pre-
ferred inhibitors may be derived from any al-

35 kylated cresylic acld whether of petroleum, coal

or wood origin. Of those acids which boll at
250° C. and below, the lower boiling constituents
are more easily alkylated than the higher boll-
ing, and because of the ease with which they can

40 be prepared they are generally preferred to the

more difficultly alkylated, higher boiling con-
stituents. Whatever fraction of the cresylic aclds
is employed, and whatever the process of alkyla-
tion, it results in introduction of substantially

45 one to two alkyl groups per molecule.

In certain of the following examples the boil-
ing range of the unalkylated starting material
overlaps the bolling range of the alkylated prod-
uct. It does not follow that the alkylated prod-

50 uct contains any considerable percentage of un-

alkylated material, because the lower bolling al-
- kylated cresylic acids boil within the range of
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the higher bolling unalkylated cresylic acids.
Actually, unalkylated cresylic acld has little sta-
bilizing action on natural rubber, whereas the
alkylated product is a very effective stabilizer.
Moreover, the unalkylated material is more vola- §
tile and has an offensive odor not present in the
alkylated product. In the claims the boiling
range attributed to the alkylated product has
been selected to avoid overlapping, because the
percentage of products in the range of the over- 10
lap is inappreciable and it would be impractical
commercially to use a fraction of such limited
boiling range.

Alkylation may be effected with 1sobutylene, di-
isobutylene, triisobutylene, dipropylene, tripro- 16
pylene, tetrapropylene, mixed heptenes, mixed
actenes, mixed nonenes, mixed decenes, undec-
enes, or other olefin or a mixture of olefins, or
by a PFriedel-Crafts reaction using an alkyl
halide of three or more carbon atoms, such as 20
& chloro- or bromo-derivative of n-butane, iso-
butane, any pentane, hexane, heptane, octane,
nonane, decane, etc., or s mixture thereof. In
general, the stabilizers will contain no alkyl group
higher thdn dodecyl. Any suitable method. of 25
alkylation may be employed, such as the use of
an aliphatic alcohol corresponding to the olefins
or alkyl halides mentioned above, etc.

‘The following examples {llustrate the prepara-
tion of the alkylation derivatives. 30

EXAMPLE 1

This illustrates the alkylation of a higher-boll-
ing cresylic acid, boiling at not over 250° C.

One hundred grams of petroleum cresylic acid 33
(B. P. 221-245° C. at atmospheric pressure or 98
to 118° C. at 10 mm.) mixed with 50 g. toluene
as diluent, and as catalyst, 40 g. of 1:1 mixture
of cone. sulfuric acid and anhydrous glycerine,
was maintained at 70 to 75° C. for three hours 4¢
while a stream of isobutylene was passed through
it. The upper layer was then decanted from the
catalyst solution, washed with water and with
sodium carbonate solution, and then distilled to
yield 127 g. of light yellow liquid of n 3=1.5198 45
and B. P. 101-157° C. at 10 mm. '

The above preparation was fractionated and
the following two fractions alkylated further:

One hundred grams of the fraction boiling 100
120° at 10 mm. was stirred with 20 g. aluminum 50
chioride while 190 g. of tert-butyl chloride was
run in with stirring over six hours at 38—44° C.
The reaction mixture was poured into water, the
product extracted with petroleuum ether and
washed with successive portions of sodium bicar- 65
bonate solution, sodium carbonate solution and
water. After removal of solvent, the product was
distilled, the portion bolling from 103° at 10 mm.
to 210° at 4 mm. being blended with the flnal
product from the second fraction. 60

One hundred grams of the fraction boiling be-
tween 120-156° C. at 10 mm. was mixed with 20
g. of aluminum chloride and stirred at 37-45°
while 200 g. of tert-butyl chloride was run in over
three hours. After an additionsal five hours of 65
stirring the reaction mixture was poured into
water, extracted with petroleum ether and washed
with successive portions of sodium bicarbonate
solution, sodium carbonate solution and water.
After drying over anhydrous sodium sulfate and 70
removal of solvent the product was distilled, the
material boiling from 110° C. at 10 mm. to 193 at
3 mm., belng combined with the alkylated lower
fraction described in the previous paragraph.

The resulting blend boiled at 100° C. at 10 mm. 76

4 .
to 310° C. at 4 mm. and was used in natural rub-
ber as described below. .

EXAMPLE 2

The following example iilustrates the octyla-
tion of a lower-boiling cresylic acid.

One hundred grams of petroleum cresylic acid
(B. P, 195-228° C. at atmospheric pressure or 82
to 108° C. at 10 mm.) and 10 grams of boron fluo-
ride etherate were stirred at 40-75° C. while 200
gr. of diisobutylene was dropped in over one hour.

- Stirring was continued for two hours and the

mixture allowed to stand 15 hours at 55-60° C.,
after which it was washed with sodium carbonate
solution, then with aqueous sodium hydroxide,
and lastly with water. The octylcresylic aeld
thus obtained was diluted with ether, dried over
anhydrous potassium carbonate and distilled.
B. P. 140° C. at 10 mm. to 167° C. at 3.5 mm.
Yield 03 g.
Carbon and hydrogen analysis:

Per Cent C\ Per Cent H

Caleulated for monooetyl cresylic acid._. .. 82.0 1.1

Calculated for dipetyl cresyleacid. ... ___ 83.0 2.1

Found. .. o eeeeie. 8.7 11.54
EXAMPLE 3

The cresylic acid used in this preparation is
a petroleum cresylic acid fraction with a boiling
range of 82 to 121° C. at 10 mm. or 210-250° C.

- at 760 mm. It is substantially the same cut as

used in Example 1.

One hundred grams of the acid were mixed .
with 200 grams of diisobutylene. Forty grams
of a 1:1 mixture of sulfuric acid and anhydrous
glycerol was added as the catalyst at 5 to 10° C.
The reaction mixture was stirred for four hours
at 5 to 10° C., and then it was washed to remove
the catalyst. After drying over anhydrous sodi-
um sulfate, the octylcresylic acid thus obtained:
was distilled. Thirty-seven grams of product was
taken at 122 to 166° C. at 10 mm. Such a product -
was used in the following tests. '

The several inhibitors were incorporated in a
white rubber stock such as the following:

Parts by weight

Crepe rubber. ... 100
WX e 2
Zine oxXide. o oo 72
Titantum dloxide ... ______ 20
Ultramarine blue_. _____________________ 0.1
£2 1011 141 1R 3
Btearlc acld___ ol 1
Accelerator __ .. .- 1
Inhibitor e 1

The compounds were cured and tested against
a blank which was similarly compounded, but
contained no inhibitor. The several samples
were subjected to a flexing test in which l5-inch
dumbbell] strips of 0.100 gauge were flexed from
0 to 75 per cent elongation until all strips were
broken. The strips were then examined under a
magnifying lens and the number of cracks esti-
mated. Totaling the number of hours required
for the strips of each different stock to break, the
flex life was obtained. From the total number
of cracks and the total number of hours run, the
average rate of crack formation was calculated.
The results of the tests on the various stocks are
recorded in the following table. The inhibitors
are identified simply by reference to the examples
which describe how they may be prepared.



' . Rate of
Flex Life, | Improve- ¥ Improve-
Inhibitor Hours ' | ment | Criek | “ment
Per cent
Fxamplel..... 1.6
Bllnkl., ......... . 3 T,
Feampled ... 13 o
Exampled. . . sl 57
Blank.......... o BB e

These stocks were exposed to weathering tests.
Stocks containing inhibitors such as obtained by
the processes of Examples 1 and 3 were weathered

8 weeks in Florida. The test stocks and blanks

remained white. Stock containing the stabilizer
descrlbedinnx\\mplezwuexposedtolsweeh
of California weather. Both the under surface
of each sample, exposed to indirect sunlight, as
well as the upper surface, exposed to direct sun-
lighit, were examined agnd found not to have dis-

~ colored. The blank ahowed more surface cracks
than the test stock.

EXAMPLE 4

A petroleum cresylic acid was alkylated to pro-
duce the product known herein as Example 4.
Fractions of the product are identified herein as
Examples 4A, 4B and 4C. Their various bofling
ranges are given in the table below.

Bixty pounds of petroleum cresylic acid (B. P.
185 to 225° C. at atmospheric pressure; 82 to 102°
C. at 10 mm. pressure) and 50 pounds of dilsobu-
tylene were stirred at 60-70° C. while 4 pounds
of boron fluoride etherate was run in during the
course of one hour. After two hours continued
stirring at 85-70° C. the mixture was allowed to
stand over night. It was then washed with water,
and aqueous solution of sodium bicarbonate and
sodium sulfite, and again with water. The prod-
uct was then distilled, first under atmospheric
pressure, then under reduced pressure. The ma-
terial distilling at 140-173° C. at 10 mm. was
taken as the product of Example 4. Practions
obtained are identified in the following table:

Example Boiling Range A

140-173° C./10 mm,
-] 140-182° C./10 mm,
-| 153-163° C./16 mm.
164-173° C./10 mm.

The various products were incorporated in
crude rubber according to a formula such as the
above, and the stocks were cured. Samples con-
taining fractions 4A. 4B and 4C cured at 280° P.
for different périods of time were exposed to a
General Electric sunlamp of the R—S type at a
distance of 7 fnches for 16 hours together with
rubber similarly compounded but containing no
stabilizer. The results are recorded in the fol-
lowing table:’

Ezposure to sun lamp

Length of Cure
Stabilizer
20 Minates| 40 Minutes | 60 Minutes | 80 Minutes
AAL 8lightly Veryaughny White......| White..
4B ..o .| do RO S do...... Do.
eoendoo L[ __do...l.. Do.
| 'stightiy |10 do...... Do,
creamy.
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‘The sbove is evidence that the alkylated cresylic
aclds do not deepen the color of the cured rubber
compound. These stabilizers therefore belong to
»  the non-discoloring type.
8 BSamples of the cured rubber were tested also
against the blank containing no stabiliser, In
order {o determine the effect of the various
stabilirers on the flex life of the rubber. Eight
strips were used in each test, 2 strips being cured
at 280° F. for 20 minutes, 40 minutes, 80 minutes
and 80 minutes respectively. ‘The results are re-
corded in the following tables:

15 Stabilizer fh&iﬂe. Improvement

Per cent

The other stabilizers were similarly tested
against a blank with the following results:

Stabilizer mﬁg‘_“”' Improvement

B8E
388

These test results show that the stablilizers
definttely inhibit flex-cracking.

EXAMPLE 5

A petroleum cresylic acid was nonylated and

+0 used as a stabilizer in rubber with very satisfac-

tory results. Certain of the tests made on this
product are recorded below.

The stabilizer was prepared from a petroleum
cresylic acid having a boiling range of 193 to

45 220° C. at atmospheric pressure, (78 to 98° C. at
10 mm.). Three hundred grams of the acid and
300 grams of a mixture of nonenes (obtained by
polymerization of propylene) were treated with
30 grams of boren trifluoride-ether complex. The

50 temperature of the reaction mixture rose to 35° C
The reaction mixture was heated at 60-65° C. for
two hours. After cooling it was washed with
water, with a 2 per cent sodium sulfite-2 per

‘cent sodium bicarbonate mixture, and finally

53 with water. The crude yield of 610 grams was
distilled under reduced pressure. The forefrac-
tion up to 140° C. at 10 mm. contained 365 grams
of material. The product was taken at 140° C
at 10 mm. to 205° C: at 3.5 mm., and welghed

oozsﬁgrams(n,,“ =1.5145).

The forefraction was treated with 50 grams of
anhydrous aluminum chloride. Addition of the
aluminum chloride caused the temperature to
rise to 80° C. and then the reaction mixture was

683 heated at 100-110° C. for two hours. After
washing with water, with 2 per cent sodium bi-
carbonate and 2 per cent sodium sulfite, and
watler, the product was distilled. The forefrac-
tion (up to 140° C./10 mm.) weighed 165 grams.

%0 The product was taken at 140° C. at 10 mm. to
250° C. at 2 mm. and weighed 185 grams
(n,®=15166). This yleld was 27.5 per cent of
the total reactant weight. Hence, the combined
yield was 667 per cent of the total reactant

15 weight.
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This nonylated cresylic acid was oomponnded
with rubber according to the following formula:

Parts by weight

Pale crepe rubber. __ e 100.0
Zinc oxide e 85.0
Titanlum dioxide o 10.0
Insoluble sulfur . 3.0
Ultramarine blue _ .. ..o eenn 0.2
Stearie acld .o 1.2
Dibutyl ammonium oleate ____ ... ._ 0.5
Benzothiazoly! disulfide ____________.___ 0.4
Sunproof WaX _ . e 2.0
Stebilzer __ .. 1.0

The material compounded according to the
above formula was tested for comparison with a
blank similarly compounded but omitting the
stabilizer. Cures were made at 280° F, for 20, 40,
60 and 80 minutes. The two vulcanizates were
tested with the following results:

NORMAL TENSILE PROPERTIES

10

20

Test ma-
Blank lerial
25
Pounda
per she
Modulus at 500%: incl
20 min. st 280° F 1550
40 min. at 280° F 1875 )R25
60 min. at 280° F 1775 1700
80 min. at 280° F 1575 1575 30
Tensile 8trength:
20 min. at 3525 3550
40 min. at 280° F____ 3500 34}
60 min. at 280° F 3200 3175
SOmin. at280° F_ . 3N75 2025
Elongation at Bmak' Per cent
20 min. at 280° F 675 680 35
620 825
10 620
635 615
TENSILE PROPERTIES AFTER AGING TWO
DAYS AT 212° F. 40
Pounds
Modulus at 500% Elongati iy
ulus & ngation: n
20 min. st 280° F___ 1700 2050
40 min. at 2%0° F 2000 2075
60 min. at 280° F 1850 1900 45
80 min. at 280° F 1825 1800
Tensile Stren
20 min. at 290° 2100 2600
40 min. at 280° F 2075
60 min. at 280° F.__ 2178 2050
80 min. at 280° F 2150 2125
Elongation at Break: Percent 60
20 min. at 280° F 540 555
40 min. at F.__. 520 500
60 min. at 280° F___ 520 520
80 min. at 280° F__ 520 520
RETAINED TENSILE SsTRENGTH 55
Percent. ... ... 84 68
Index ... ... 100 106

The two cured rubber samples were subjected
to flexing after having been aged two days at
212° F. and the material containing the sta-
bilizer was found to have a flex life 10 per cent
longer than the blank. The number of cracks
produced was much less in the material contain-
ing the stabillzer, in the ratio of 167:130.

The two samples of rubber, each cured at 40
and 60 minutes, were subjected to four hours
treatment in an artificial weathering machine
with the following results:

Nature of Cure Blank Test Material
40 min. at 2&)" F ol White..... Very light cream,
0min. at280° F_ ... ... -doo. ... White.

The above tests show that nonylated cresylic

8
acid is an effective stabilizer in natural rubber
and substantially non-diseoloring.

The stabilizers of this invention are alkylated
to an appreciable degree. The extent to which
alkyl substituents are introduced into the cresylic
acid will vary with the nature of the alkylation
process employed, ete. In general, it may be said
that for each molecule of the stabilizer there
are, on the average, one {o two alkyl substituents
each comprising four to twelve carbon atoms.

By a study of hydroxyl numbers the number of
alkyl substituents added per molecule of cresylic
acid, on the average, by certain of the above
processes, has been determined. The unalkyl-
ated acid contains no more than a trace of any
substituent with four or more carbon atoms. The
number of such substituents added is, therefore,
for all practical purposes, the amount of such
substituents present.

Thus, the calculated hydroxyl numbers for
mono- and di-octylated cresylic acids average
7.23 and 4.8], respectively, whereas the calculated
hydroxyl numbers of the starting cresylic acids
themselves vary within the range of 12.5 to 15.7.
The hydroxyl numbers for the products identi-
fled as Examples 4, 4A, 4B and 4C were found to
747, 6,60, 8.30 and 4.75 respectively. The cal-
culated numbers are based on approximations,
and within the limits of experimental error it
is shown that the octylated cresylic acid and its
fraction average one {0 two octyl substituents per
molecule.

The calculated hydroxyl numbers for the
mono- and di-nonylated cresyllc acids are 6.82
and 4.53. That found for the stabilizer of Ex-
ample 5 was 5.77.

The examples and tests are representative.
The invention is not limited thereto. Other al-
kylated cresylic acids comprising for each mole-
cule, one to two alkyl groups each containing
four to twelve carbon atoms, and with an initial
boiling point no lower than 100° C. at 10 mm.
pressure, and derived from cresylic aclds bolling
at temperatures of 190 to 260° C. at atmospheric
pressure are lkewise good inhibitors and are
included within the scope of this invention; and
petroleum cresylic acids of any boiling range con-
taining one to two such alkyl groups per molecule
are stabilized and included in the invention. Any
formula for sulfur vulcanization may be used.
‘The stock need not be heavily loaded with white
pigment. From 0.10 to 10 per cent of the In-
hibitors may be employed, and they may be used
in conjunction with other stabilizers.

What I claim is:

1. Cured natural rubber which contains as
flex~-cracking inhibitor a small amount of a
cresylic acid alkylated by introduction of one to

" two hydrocarbon substituents of four to twelve

60

65

70

75

carbon atoms per cresylic acid molecule, the
alkylated cresylic acid being constituted of a mix-
ture of compounds which boils above 100° C. at
ten millimeters pressure and being derived from
cresylic acid boiling at 190° to 250° C. at atmos-
pheric pressure.

2. Cured natural rubber which contains as
flex-cracking inhibitor & small amount of a pe-
troleum cresylic acid alkylated by introduction
of gne to two hydrocarbon substituents of four
to twelve carbon atoms per cresylic acid mole-
cule, the alkylated cresylic acid being consti-
tuted of a mixture of compounds which boils
above 100° C. at ten millimeters pressure and
being derived from petroleum cresylic acid bolil-
ing at 190 to 250° C. at atmospheric pressure.



9
3. The process of curing natural rubber which
comprises heating the same with sulfur and as a
flex-cracking inhibitor a small amount of &
cresylic acid alkylated by introduction of one to
two hydrocarbon substituents of four to twelve
carbon atoms per molecule of cresylic acid, the
alkylated cresylic acid being constituted of a mix-
ture of compounds which boils above 100° C. at
ten millimeters pressure and derived from cresylic
acid boiling at 190 to 250° C. at atmospheric
pressure, o
4. The process of curing natural rubber which
comprises heating the same with sulfur and as a
flex-cracking inhibitor a small amount of a pe-
troleum cresylic acid alkylated by introduction
of one to two hydrocarbon substituents of four
to twelve carbon atoms per cresylic acid molecule,
the alkylated cresylic acid being constituted of
a mixture of compounds which bolls above 100°
C. at ten millimeters pressure and being derived
from petroleum cresylic acid bolling at 180 to
250° C. at atmospheric pressure,
5. Vulcanizable but unvulcanized rubber com-
position which contains as flex-cracking inhibitor

a small amount of cresylic acid alkylated by in- g5

troduction of one to two hydrocarbon substituents
of four to twelve carbon atoms per cresylic acid
molecule, the alkylated cresylic acid being oon-

10

16

2,681,906

10
stituted of a mixture of compounds which boils
above 100° C. at ten millimeters pressure and be-
ing derived from cresylic acid boillng at 190 to
250° C. at atmospheric pressure.

6. Vulcanizable but unvulcanized rubber com-
position which contains as flex-cracking inhibitor
a small amount of petroleum cresylic acid alkyl-
ated by introduction of one to two hydrocarbon
substituents of four to twelve carbon atoms per
cresylic acld molecule, the alkylated cresylic
acid being constituted of a mixture of compounds
which boils above 100° C. at ten millimeters
pressure and being derived from petroleum
cresylic acid bolling at 190 to 250° C. at atmos-

pheric pressure.
GEORGE E. P. SMITH, Jx.
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