
0 024 138 Description The present invention relates to a method for oil
treating insoluble sulfur. More particularly, the present invention relates
to a method for oil treating insoluble sulfur wherein the stability of the
in- 5 soluble sulfur is not adversely affected by the oil treatment.
Specifically, the present invention relates to a method of inhibiting the
destabilizing effect of an oil on insoluble sulfur which is treated with
the oil. Insoluble sulfur is, by definition, sulfur which is insoluble in
carbon disulfide. This form of sulfur is generally understood to be
polymeric in nature, the polymer chains being made up of up to several
thousand sulfur atoms. Insoluble sulfur is distinguished from soluble
sulfur, which is crystalline in form. 10      As a practical matter, most
commercial grades of insoluble sulfur contain both soluble and in- soluble
sulfur. Commercial Insoluble sulfur products with varying amounts of
insoluble sulfur are available. The most important use for insoluble sulfur
is as  a vulcanizing agent in the rubber-making industry. In this industry,
sulfur is used as a crosslinking (vulcanizing) agent in rubber compound 15
formulations. Although soluble sulfur would fulfill the basic crosslinking
requirements for the rubber formula- tions, the inclusion of soluble sulfur
in rubber compositions results in processing difficulties which, in tum,
cause defects in products made from such compositions. The two most common
problems caused by the use of soluble sulfur are "bloom" and "bin scorch".
20      Sulfur bloom is the crystallization of sulfur on the surface of
rubber articles. This is caused by the migration of sulfur from the
interior of a rubber article to the surface. This phenomenon results
because the sulfur is soluble in the rubber at mixing (masticating)
temperatures, but when the mixture is cooled after mixing, the solubility
limits are reduced and a supersaturated solid solution is formed. As the
mixture cools and the lower solubility limits become controlling, sulfur
begins to come out of the 25 solid solution. As it comes out of solution,
the sulfur migrates to the surface of the rubber article and crystallizes.
This surface bloom becomes a serious problem because it destroys the
natural tack of the rubber in the affected area. When several plies of
rubber are assembled together to construct tires, belts, hoses or the like;
the sulfur bloom interferes with the natural cohesion between adjacent
plies and faults, such 30 as air bubbles, result When insoluble sulfur is
used, however, surface bloom is eliminated. Insoluble sulfur becomes evenly
distributed throughout the rubber composition during the mixing
(mastication) step, but does not go into solution in the rubber
composition. The distribution of the insoluble sulfur remains as it was
when dispersed, there is no concentration gradient formed; and migration
does not occur. 35      It is only when the final article is vulcanized
that the insoluble sulfur reverts to a soluble form and goes into solution.
The vulcanization reaction takes place at the same time and the sulfur
becomes part of a high-polymer product. The sulfur thus becomes chemically
bound and cannot bloom upon cooling of the rubber mass. Another serious
problem caused by the use of soluble sulfur in rubber formulations is that
of bin 40 scorch. Bin scorch occurs when an uncured rubber composition is
kept in storage after having been fully compounded (i.e., mixed, milled,
etc.). The uncured rubber composition is temperature sensitive, and curing
(i.e., crosslinking) may be prematurely initiated to some extent if the
storage temperature is not properly controlled. This is known as "bin
scorch". When insoluble sulfur is used, bin scorch is retarded to a point
where it ceases to be a problem. 45 Since insoluble sulfur is available for
reaction only when curing (vulcanizing) temperatures are reached, no
significant reaction takes place at lower temperatures. At these lower
temperatures the insoluble sulfur merely remains as a suspended solid
surrounded by rubber, until vulcanization takes place. Because of the
technical advantages offered by insoluble sulfur as compared to soluble
sulfur, a great deal of technical activity has been devoted to the
development of methods for producing in- so soluble sulfur in preference to
soluble sulfur. This effort has been successful and at the present time
there are a number of methods known in the art by which sulfur products
comprising 90% insoluble sulfur or more can be produced. Unfortunately,
however, the insoluble form of sulfur is metastable and tends to revert,
over a period of time, to the soluble form. Typically, an unstabilized
sulfur product having about 90% in- 55  soluble sulfur will revert to a
product having only about 70 to about 75% insoluble sulfur over a period of
about 20 hours when stored at a temperature of about [err]. A number of
stabilizers have been developed to retard the reversion of insoluble sulfur
to the 



soluble form. These stabilizers, in general, are capable of reducing the
reversion rate by about 80%. Insoluble sulfur, in addition to being treated
with a stabilizer to retard reversion, is also usually 60 treated with an
oil to control the tendency of the sulfur (often in fine particulate form)
to form dust and also to make it easier to disperse in organic compositions
with  which it is to be blended. Oil-treated insoluble sulfur products can
contain from 1% up to 30% oil (by weight) and from 99% to 70% sulfur (by
weight). At these ratios, the product remains dry to the touch and can be
handled as a dry powder. Unfortunately, however, some oils tend to increase
the reversion rate of the insoluble sulfur even 65 though it has been
"stabilized". The mechanism by which oil-treatment of stabilized insoluble
sulfur 2    0024 138 causes its reversion rate to increase is not fully
understood. Moreover, it is difficult to predict whether any given
processing oil will or will not affect the stabilized insoluble sulfur in
this way. In actual practice it has become customary to screen each batch
of oil by actually treating a small quantity of stabilized insoluble sulfur
with it and measuring its effect on the reversion rate. In addition to the
problem of screening oil batches for use in oil-treating sulfur, producers
are faced with the possibility that oil which does not adversely affect
stability may not always be readily available. As the general availability
of petroleum products continues to diminish, these problems may be expected
to become more severe. It is therefore highly desirable that a method be
found for inhibiting the tendency of processing to oils to accelerate the
reversion rate of insoluble sulfur. With such a method available, a much
greater variety of oils could be used for oil-treating sulfur, and the
ultimate sources of supply for such oils would be widely expanded. In
accordance with the present invention there is provided a method for
inhibiting the accelerat- ing effect of a rubber processing oil on the rate
of reversion of insoluble sulfur with which it is mixed to 15 soluble
sulfur, which comprises adding Iodine, more particularly elemental iodine,
to the oil in. an amount sufficient to Inhibit the reversion accelerating
effect of the oil, i.e. in an amount of from I to 200 milligrams per liter.
The method of the present invention is one which affects the destabilizing
characteristics of an oil with respect to insoluble sulfur. Thus, the
stability of insoluble sulfur which is treated with an oil in 20 accordance
with the present invention remains about the same as it would have been had
it not been oil-treated. The present invention is to be distinguished from
the process taught in U.S. Patent 2,061,185 wherein iodine is blended with
sulfur to produce a product which is free-flowing, even when stored under
damp conditions; and from the process taught in U.S. Patent 2,460,365,
wherein sulfur is treated 25 with a halogen to stabilize it. The present
invention is concerned with preventing the rate of reversion of insoluble
sulfur to soluble sulfur from being accelerated by oil-treatment of the
sulfur; or at least, reducing the extent to which it is accelerated. Thus,
the present invention is not practiced to increase the stability of the in-
soluble sulphur, but rather to retain the stability close to its original
level when the sulfur is oil-treated. 30 In the practice of the present
invention, a small quantity of iodine is blended into the oil which is to
be treated. The amount of iodine required ranges from 1 to 200 milligrams
per liter of oil and prefer- ably from 5 to 100 milligrams per liter. The
actual amount of iodine used will vary in accordance with several factors.
The primary con- sideration is, of course, that a sufficient amount of
iodine be used to effectively treat the soil. This may 35 vary from one oil
to another and the minimum effective amount required for any particular oil
should be determined by small scale experimentation. On the other hand, if
too much iodine is used, the oil may become discoloured and therefore
unsuitable for many applications. Thus, for example, where it is important
that a rubber product being prepared remain colorless, care must be taken
that the indi- vidual components added to the rubber formulation do not
discolor it. If too much iodine is added to the 40 oil the color of the
rubber formulation with which the oil-treated sulfur is mixed could be
adversely affected. It is well within the skill in the art to determine the
specific amount of iodine to be used within the ranges stated above so as
to achieve the desired effectiveness, due regard to color considerations.
The iodine may be blended with the oil using standard techniques for adding
and blending addi- tive quantities of one material to bulk quantities of
another. Thus, for example, the required amount of 



46 iodine may be added directly to the oil and the oil mixed sufficiently
to assure a uniform distribution of the iodine throughout the oil, or the
iodine may be first dissolved in a small quantity of a suitable solvent and
added to the oil as a solution. When the iodine is added directed to the
oil, it may be added and blended at ambient temperatures since the iodine
is readily soluble in the oil. Despite the fact that the iodine may be
added directly to the oil in bulk quantities, it will be found 50 more
convenient and more precise to add the iodine as a solution in an
appropriate solvent. Solvents which may be used for this purpose include,
but are not limited to chloroform, benzene or the oil itself. These
solutions may be prepared at concentrations ranging from 1 gram
iodine/liter of solution to 100 grams iodine/liter of solution and
preferably, from 10 to 20 grams iodine/liter of solution. These solutions
may then be added to the oil volumetrically. This approach will be found
particularly con- 55 venient for a continuous process where the iodine
solutions can be injected, on a continuous basis, into a flowing stream of
the oil to be treated. In such a situation it is, of course, preferable
that the oil stream be in the turbulent flow regime so as to promote
uniform mixing of the iodine in the oil. When treating an oil with iodine
in accordance with the method of this invention, the effect of the iodine
on the oil is achieved essentially instantaneously upon contact between the
iodine and the oil. 60 Thus, an actual residence time need not be
specified. The treatment is complete, and the oil ready for use in oil
treating sulfur, upon the formation of a uniform solution of the iodine in
the oil. The oils which are treated in accordance with the present
invention are those oils which are used in the oil-treatment of sulfur.
These oils are generally referred to as processing oils or rubber process-
ing oils, and include naphthenic oils which are light in color and have
viscosities of from 50 to 250 ssu 65 at 37.81C(100 F); preferably about 1
00 ssu ("ssu -Saybolt universal viscisity, the efflux time in 3    0 024
138 seconds of 60 ml of sample flowing from a calibrated universal orifice
of a Saybolt viscometer under specified conditions). It is to be noted that
not all of the processing oils used in the oil treating of sulfur cause an
acceleration in the rate of reversion of insoluble sulfur to soluble
sulfur. Some processing oils may be. 5 used without adversely affecting the
stability of the sulfur being treated. When these are used, it will not be
necessary to treat them in accordance with the method of this invention.
Unfortunately, however, there is no technique known by which it may
conveniently be deter- mined whether or not any particular oil will cause
an accelerated rate of reversion, short of actual experimentation
Accordingly, actual experimentation will be required to determine whether
or not the 10 oil should be treated. Once the oil has been treated with
iodine in accordance with the method of this invention, it can be mixed
with the Insoluble sulfur using standard mixing techniques. The mixing of
the sulfur and the oil in accordance with the practice of the present
invention is con- ducted the same way as it is when treating sulfur with
oil which has not been treated with iodine. The 15 iodine treatment of the
oil has no effect on the remaining processing steps except that it inhibits
the oil- caused acceleration of the reversion rate of the  sulfur. The
sulfur with which the oil is mixed is an insoluble sulfur, usually
containing 90% by wt. or more of polymeric (insoluble) sulfur, the
remainder being made  up of crystalline (soluble) sulfur Although not a
limitation on the scope of the invention, the sulfur is usually in the form
of a very fine 20 powder, having an average particle size of about [err]cms
(3 micrometers). This sulfur, when not oil treated, is difficult to handle
since it can form a fine dust which can present a nuisance to workers. Oil-
treatment of the sulfur will generally lessen the severity of this problem.
The sulfur and oil are thoroughly blended together using equipment designed
for mixing powders and liquids. The mixing may be accomplished in either a
batch or continuous operation, using 25 techniques which are well known in
the art, and can be carried out under ambient conditions The relative
amounts of sulfur and oil which are blended are generally such as to
produce a final oil-treated product having from 1% to 30% oil by weight of
total product. In order that the present invention be more fully
understood, the following examples are given by way of illustration. No
specific details or enumeration contained therein should be construed as
limita- 3o tions to the present invention except insofar as they appear in
the appended claims. All 'parts and percentages are by weight unless
otherwise specifically designated. 



Example 1 A sample of commercially-prepared stabilized sulfur was found to
have an insouble sulfur content 35 of 92.8% by weight. One portion of the
sulfur was set aside as a control, a second portion was treated with a
commercially available processing oil, and a third portion was treated with
the same processing oil to which chlorine, in an amount of 15 mg/liter had
been added. The oil treatment consisted of placing 5 grams of sulfur in a
crucible and then adding 20 ml of the oil to the crucible containing the
sulfur. 40      The control sample was also placed in a crucible, but no
oil was added. Each crucible was then sealed in a 114 c.c. (4 fl oz.)
bottle, which was then placed in a constant temperature oven for four hours
at [err]. The samples were then removed from the oven, washed with carbon
disulfide to remove soluble sulfur, and the amount of insoluble sulfur
remaining in each sample determined. 46      The results are tabulated
below: Wt. % Wt. %         Insoluble Sulfur Insoluble Sulfur   (after 4
hrs. at Sample                   (Originally)         [err] Control:
92.8               92.4 55                   Treated with oil:
91.2 Treated with oil to which chlorine                       91.0 had been
added: so      These results demonstrate that oil treatment has a
destabilizing effect on the sulfur, and that chlorine does not inhibit the
destablizing tendency of the oil. 65 4    024 138 Example 2 The same
procedure as was used in Example 1 was employed to determine the effect
that treat- ing the oil with bromine or iodine would have on the tendency
of the oil to destabilize sulfur. The results are tabulated below: 5 Wt. %
Wt %          Insoluble Sulfur Insoluble Sulfur  (after 4 hrs. at Sample
(Originally)        [err] 10 Control:                                 93.41
92.68 Control:                                 93.41             92.67 is
Treated with oil:                          -               91.87 Treated
with oil:                          -               91.84 Treated with oil:
-               91.78 20 Treated with oil:                          -
91.85 Treated with oil to which bromine
91.98 had been added: 25 Treated with oil to which bromine
92.02 had been added: Treated with oil to which iodine
92.64 30             had been added: Treated with oil to which iodine
92.70 had been added: 35   The sulfur which was treated with oil which
contained neither bromine nor iodine was less stable than that which had
not been oil treated. The addition of bromine to the oil used in treating
the sulfur 



had no significant effect on the tendency of the oil to destabilize the
sulfur. The sulfur which was treated with oil to which iodine had been
added, however, had essentially the same stability as the control samples
which had not been treated with oil. The destabilizing 40 tendency of the
oil was essentially neutralized by the iodine. This demonstrates that
iodine is effective in inhibiting the accelerating effect of oil on the
rate of reversion of insoluble sulfur to soluble sulfur. 46
Example 3 The same procedure as was used in the previous examples was
employed to determine the effect that treating the oil with iodine would
have on the tendency of the oil to destabilize sulfur. The results are
tabulated below: 50
Wt. % Wt. %         Insoluble Sulfur Insoluble Sulful  (after 4 hrs. at
Sample                   (Originally)        [err] Control:
87.8             85.91 Treated with oil:
71.48 Treated with oil to which iodine                           77.01 60
had been added: These results show that the oil treatment accelerated the
rate of reversion of the insoluble sulfur, but that the addition of iodine
to the oil inhibited its tendency to accelerate the rate of reversion of
the insoluble sulfur. 65      The effects of both the oil and the iodine
were substantially more pronounced in this example 5    0024 138 than in
the previous examples because. unstabilized sulfur was used in this example
while stabilized sulfur was used in the previous examples. Example 4 The
same procedure as was used in the previous examples was employed to
determine the effect of oils which had been treated with varying amounts of
iodine on the stability of stabilized sulfur. The results are tabulated
below. WL % 10                 Amount of Iodine            Wt. %
Insoluble Sulfur (mg. Iodine/        Insoluble Sulfur       (after 4 hrs.
at liter oil)          (Originally)            [err] O (control)
94.5                  90.6 5                                         92.2
10                                         92.9 20
15                                          92.7 20
93.0 25                                         92.0 25 O (control)
94.7                  82.9 5                                         86.2
10                                         85.7 15
84.5 35                        20
87.4 25                                         89.8 40       These results
show that as little as 5 milligrams iodine per liter of oil significantly
affects the tendency of the oil to accelerate the  rate of reversion of the
insoluble sulfur. It will thus be seen that the method of the present
invention is effective In inhibiting the accelerat- ing effect of rubber
processing oils on the reversion of insoluble sulfur to soluble sulfur. 45
Claims 1. A method for inhibiting the accelerating effect of a rubber
processing oil on the rate of reversion of insoluble sulfur with which it
is mixed to soluble sulfur characterised in that one adds from 1 to 200 



milligrams per liter of iodine to said oil. so       2. A  method as
claimed in claim 1 characterised In that the insoluble sulfur is a
stabilized in- soluble sulfur. 3. A method as claimed in claim 1 or claim 2
characterised in that the amount of iodine added to the oil is from 5 to
100 milligrams per liter of oil. 4. A method as claimed in any of claims 1
to 3 in which the insoluble sulfur product contains 1 to 5a  30% of the oil
based on the total weight of the sulfur product. 5. An insoluble sulfur
product containing a sulfur processing oil which contains iodine present in
an  amount sufficient to inhibit reversion of insoluble sulfur which would
otherwise take place. 6. A method for oil-treating insoluble sulfur wherein
insoluble sulfur is mixed with an oil to form a solid, particulate
insoluble sulfur product the  improvement which comprises pretreating said
oil to so  inhibit its destablizing effect on said insoluble sulfur by
blending into said oil an amount of iodine sufficient to inhibit said
destabilizing effect. 65 6    0024 138 than in the previous examples
because unstabilized sulfur was used in this example while stabilized
sulfur was used in the previous examples. Example 4 5      The same
procedure as was used in the previous examples was employed to determine
the effect of oils which had been treated with varying amounts of iodine on
the stability of stabilized sulfur. The results are tabulated below. WL% 10
Amount of Iodine           Wt. %             Insoluble Sulfur (mg. Iodine/
Insoluble Sulfur       (after 4 hrs. at liter oil)          (Originally)
[err] 0 (control)         94.5                  90.8 15 5
92.2 10                                         92.9 20
15                                         92.7 20
93.0 25                                         92.0 25 0 (control)
94.7                  82.9 5                                        86.2 10
85.7 15                                         84.5 35
20                                         87.4 25
89.8 40      These results show that as little as 5 milligrams iodine per
liter of oil significantly affects the tendency of the oil to accelerate
the rate of reversion of the insoluble sulfur. It will thus be seen that
the method of the present invention is effective in inhibiting the
accelerat- ing effect of rubber processing oils on the reversion of
insoluble sulfur to soluble sulfur. 45 Claims 1. A method for inhibiting
the accelerating effect of a rubber processing oil on the rate of reversion
of insoluble sulfur with which it is mixed to soluble sulfur characterised
in that one adds from 1 to 200 milligrams per liter of iodine to said oil.
50       2. A method as claimed in claim 1 characterised in that the
insoluble sulfur is a stabilized in- soluble sulfur. 3. A method as claimed
in claim 1 or claim 2 characterised in that the amount of iodine added to
the oil is from 5 to 100 milligrams per liter of oil. 4. A method as
claimed in any of claims 1 to 3 in which the insoluble sulfur product
contains 1 to 55  30% of the oil based on the total weight of the sulfur
product. 



5. An insoluble sulfur product containing a sulfur processing oil which
contains iodine present in an amount sufficient to inhibit reversion of
insoluble sulfur which would otherwise take place. 6. A method for
oil-treating insoluble sulfur wherein insoluble sulfur is mixed with an oil
to form a solid, particulate insoluble sulfur product the improvement which
comprises pretreating said oil to 60  inhibit its destablizing effect on
said insoluble sulfur by blending into said oil an amount of iodine
sufficient to inhibit said destabilizing effect 65 L  M   S    0 024 138
Revendications' 1. Proc6d6 pour inhiber l'effet d'accel6ration qu'exerce
une huile de traitement de caoutchouc sur Ie taux de transformation d'un
soufre insoluble auquel ells est melangee en soufre soluble, caracterise 5
en ce qu'on ajoute a ladite huile 1 A 200 milligrammes diode par litre
d'huile. 2. Procede solon la revendication -1, caracterise on ce quo Is
soufre insoluble est un soufre in- soluble stabilise. 3. Proc6de selon Ia
revendication 1 ou 2, caracterise on ce que la quantite diode ajoutee a
I'huile est comprise entre 5 at 100 milligrammes par litre d'huile. 10
4. Proc6d6 selon au moins une des revendications 1 a 3, dans lequel le
produit a base de soufre insoluble renferme 1 a 30% d'huile, rapporte au
polds total du produit A base de soufre. 5. Produit a base de soufre
insoluble renfermant une huile de traitement de soufre qui contient de
l'lode en quantite suffisante pour inhiber la conversion du soufre
insoluble qui, autrement, so produirait. 6. Procede pour traitor du soufre
insoluble A I'aide d'une hulle, dans lequel Is soufre insoluble est 15
melange A une huile pour former un produit A base de soufre insoluble
particulaire, caracterise par le perfectionnement qui consists A pretraiter
ladite huile pour inhiber son effet de destabilisation sur ledit soufre
insoluble, en melangeent a ladite huile une quantite d'iode suffisante pour
inhiber ledit effet de destabilisation. 20 Patentanspruche 1. Ein Verfahren
zur Hommung des Beschleunigungseffektes eines Oles fur die Gummiverarbei-
tung auf die Ruckbildungsrate unloslichen Schwefels, mit welchem es
vermischt ist, zu loslichem Schwefel, dadurch gekennzeichnet, daB man dem
01 1 bis 200 Milligramm Jod pro Liter hinzufugt. 25      2. Ein Verfahren
gemaB Anspruch 1, dadurch gekennzoichnet, daB der unlosliche Schwefel ein
Stabilisierter unloslicher Schwefel ist. 3. Ein Verfahren gemaB Anspruch 1
odor Anspruch 2, dadurch gekennzeichnet, daB die Menge des dem 01
zugefugten Jods 5 bis 100 Milligramm pro Liter 01 betragt. 4. Ein Verfahren
gemaB einem der Anspruche 1 bis 3, wobei das unlosliche Schwefelprodukt 1
30 bis 30% 01, bezogen auf das Gesamtgewicht des Schwefelprodukts, enthalt.
5. Ein unlosliches Schwefelprodukt, enthaltend ein
Schwefel-Verarbeitungsol, welches Jod in einer ausreichenden, die
ROckbildung unloslichen Schwefels verhindemden Menge enthalt, welche
Ruckbildung anderenfalls stattfinden wurde. 6. Ein Verfahren zur Behandlung
unloslichen Schwefels mit 01, wobei unloslicher Schwefel unter 35 Bildung
sines fasten, aus Partikeln bestehenden unloslichen Schwefelprodukts mit
einem O1 ver- mischt wird, wobsi die Verbesserung sine Vorgehandlung des
Oles zur Hemmung seines Destabilisie- rungseffektes auf den unloslichen
Schwefel durch Zumischung einer fur die Hemmung des -
Destabilisierungseffektes genugend groBen Jodmenge in das (51 umfaBt .40 46
60 60 C  L  M  S*    


