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ABSTRACT

The resistance to air-oven aging of styrene-butadiene synthetic
rubber vulcanizates cured, (a) with accelerators, (b) with dicumyl peroxide and
with phenyl B-naphthyl amine, and (c) with combinations of (a) and (b),
has been studied. Attention was given to the processing stability of the
uncured compositions, and limited work was devoted to the supression of
the blooming tendencies of certain vulcanizates from (a).

It was found that vulcanizates from all of these non-free sulfur
curing systems possessed substantially greater resistance to aging than did
the vulcanizate from the conventional free sulfur-accelerator combination,
with vulcanizates from (c) showing the greatest resistance.

The tensile properties of the unaged vulcanizates from (c) were
essentially equivalent to those from the free sulfur-accelerator system, while
the tensile and tear strengths of vulcanizates from (a) and (b) were somewhat
less than those of vulcanizates from the free sulfur-accelerator combination.
It is noteworthy that the presence of phenyl B-naphthyl amine and certain
accelerators make the dicumyl peroxide vulcanizate both stronger and more age
resistant.

The time of resistance to scorch and thermal decomposition of the
raw unvulcanized compositions at 250°F was found to be: 20-30, 30, and
30-40 minutes for compositions (&), (b), and (c), respectively, as compared
with 60 minutes for the free sulfur-accelerator composition.

The raw materials cost of the dicumyl peroxide-phenyl P-naphthyl
system (b) is 1.8% greater, and of the other systems, (a) and (c), 5.2 - 5.8
greater than that of the free sulfur-accelerator system, as calculated for a

composition containing 50 PHR carbon black.






It is concluded that the age resistance and physical properties
of vulcanizates formed by the action of dicumyl peroxide in combination with
certain accelerators and phenyl B-naphthylamine (c), can justify some limita-
tion in processing stability and the small increase in materials cost for
the production of rubber articles for applications in which good age resis-

tance is necessary.
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INTRODUCTION

There is a general need to improve the age resistance of rubber
vulecanizates. Non-free sulfur curing systems (1-6) have been shown to
yield vulcanizates of improved age resistance. However, the uncured
compositions (l, 5, 6) have been reported to be sensitive to scorching
or precuring during processing, and to yield vulcanizates with poor
tensile properties. Furthermore, the non-free sulfur systems comprising
complex synthetic organic chemicals are more expensive than those based
on elemental sulfur.

The purposes of this study were to examine several non-free
sulfur curing systems with the hope of identifying combinations which
could be processed at reasonable cost and which would yield vulcanizates
of satisfactory physical properties and age resistance.

Three types of curing systems for styrene-butadiene-L1’F. syn-
thetic rubber (SBR-1500) were studied:

(a) Combinations of vulcanization accelerators

(b) Dicumyl peroxide with phenyl-P-naphthyl amine

(¢) Combinations of (a) and (b)

The results presented below show that each of the three systems
yield vulcanizates with substantially greater age resistance than the
vulcanizates produced by the action of free sulfur-accelerator systems
with vulcanizates from (c) being the most age resistant. Rubber composi-
tions containing dicumyl peroxide and accelerators (b) could be held in

air at 250°F. for 30-40 minutes without damage, and on curing for 30-40



minutes at 307°F they yielded vulcanizates with physical properties
essentially equivalent to those of the free-sulfur cured products. The
raw materials cost of the compound containing peroxide (b) is 1.8% greater,
and of the other compounds 5.2-5.8% greater than the cost of the conven-
tional free sulfur-accelerator composition.

The details of the study are presented in the following sections.
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EXPERIMENTAL PART

Materials

SBR-1500, styrene (30) - butadiene (70) copolymer prepared at
41°F., was used as the base rubber throughout this study., The SBR-1500
wag compounded with 50 PHR of medium abrasion furnace black (MAF) and
with various vulcanizing agents. In the subsequent sections the particular
rubber composition will be specified simply by identifying the nature aﬁd
proportions of the vulcanizing agents. In the production of SBR~1500,
approximately 1.25 PHR of phenyl-f-naphthylamine (PBNA) are added by the
manufacturere, however, in identifying the experimental formulations FPBNA
will be specified only when an additional quantity of the material was
used in compositions containing dicumyl peroxide.

In Table I, the compositions of the important formulations are
listed. Other compositions of the same basic types were used and will be
referred to by reference to the composition type and the amount of the
curing agents. Compositions I and II were chosen as reference compositions
for the preparation of the corresponding vulcanizates I and II; these
reference vulcanizates were used as standards for comparing the physical pro-
perties and the age resistance of experimental vulcanizates. Composition I
contained a commonly used vulcanizing system consisting of free sulfur plus
N-cyclohexyl-2-benzothiazyl sulfenamide (NCHBTSA) and composition II con-
tained the sulfur-bearing accelerators dipentamethylene-thiuram-tetrasulfide
(DPMTTS) and 2-mercaptobenzothiazole (MBT). This latter curing system has
received considerable attention by Ossefort, Shaw and Bergstrom (6) as a

non-free sulfur curing system which yields a vulcanizate with excellent

age resistance,



Preparation of Vulcanizates

A1l compositions were prepared on a 3" x 8" two roll mill using
the ASTM mixing procedure for SBR rubber (D 15-55T). Since 200 grams of
material represented the maximum amount that could be easily handled on
this equipment, special care during compounding was required in order that
separate batches of the same composition yielded vulcanizates having the
same physical properties.

The rubber compounds were placed in a single cavity (ASTM specifi-
cation D 15-55) 6" x 6" x 0.075" chromium plated steel compression mold,
cured for 30 minutes at é200apsi and 307°F, and the cured sheets were guenched
in cold water.

The same -lot of SBR-1500 was used throughout this research with
the exceptionof a few aging experiments which were carried out on a second
lot. The curing systems consisting of free sulfur and accelerator and combi-
nations of sulfur-bearing accelerators yielded vulcanizates having comparable
physical properties with each lot of SBR-1500. However, in curing systems
containing DCP-40, it was necessary to increase the amount of DCP-4O by 0.25
PHR for the second lot in order to obtain comparable physical properties
with the first. In order to avoid confusion, the amount of DCP-LO recorded

has been on the basis of the first lot.

Physical Measurements

Tensile and tear specimens were cut from the test sheets by ASTM
tensile die C (ASTM D 412-51T) and ASTM tear die C (ASTM D 624-54), respec-
tively. The tensile and tear measurements were made on an automatic, record-
ing tensile testing machine at 77°F and 50% relative humidity. The physical
properties of the vulcanizates reported in succeeding tables are average

values of four or more determinations.
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Hardness values were determined according to ASTM Method
D 676-55T.

The scorch characteristics of the uncured compositions were
determined by use of a shearing disk viscometer at 250°F according to
ASTM Method D 107T-55T. Duplicate experiments were made on all compounds
evaluated.

The scorch test, ASTM D 1077-55T, was not entirely satisfactory
for the compositions containing dicumyl peroxide since the peroxide tends
to decompose without forming cross-links at temperatures approaching 250°F.
Another procedure was devised to indicate the processing behavior of
uncured compositions containing dicumyl peroxide in the temperature range
of 230-250°F. The uncured compound was sheeted on the mill at about
0.080" thickness and 4" x 4" pads were cut out of the sheets. The pads
were placed in a circulating air oven at a temperature’in the range of
230-250°F for periods up to three hours. After this heating period, the
pads were cured by the procedure described above for thirty minutes at
307°F and 2200 psi. The tensile properties of the cured sheets could then
be used as the basis for estimating the extent of the decomposition of the
peroxide due to heating of the uncured compositions.

A mechanical convection oven was used for the aging experiments.
The temperature variation of the oven at 212°F was within F1°F. The condi-
tions for most of the aging experiments were T2 hours at 212°F. However,
the aging properties of selected compositions were determined for periods
of 32 days at 212°F, 7 days at 250°F and for 12 hours at 300°F.

Since it had been shown by Fackler and Rugg (7) that migration of
compounds such as antioxidants can take place between specimens during air-

oven aging experiments, only similar types of vulcanizates were aged at a

given time.
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PRESENTATION OF RESULTS

Accelerator Vulcanizing Systems

As mentioned in the Introduction, combinations of the acceler-
ators (which are frequently used with free sulfur) were employed as the
total vulcanizing system in the absence of added free sulfur. Three systems
were studied:

(a) 1 PHR Dipentamethylene-thiuram-tetrasulfide (DPMITS)
"l PHR 2-Mercaptobenzothiazole, (MBT)

(b) 1 PHR Dibenzothiazole-dimethylthiol urea (DBTDMTU)
1-3 PHR Tetramethyl-thiuram-disulfide, and (TMTD)

(c) 1 PHR 2-Mercaptobenzothiazole
1-2° PHR Tetramethyl-thiuram-disulfide.

Also, as previously mentioned, the first composition (a) was selected as a
reference standard (reference composition II).

The ultimate tensile and elongation values of the vulcanizates
prepared from the second and third compositions, (b) and (c), are plotted
in Figures la and 1b. The values of the physical properties after air-
oven aging are also shown on the graph. It may be seen from these curves
that the optimum compositions are approximately:

(III) 1.75 PHR TMID
1 PHR DBTDMIU, and

( IV) 1.75 PHR TMTD
1 ~ PHR MBT.

The physical properties of vulcanizates prepared from the two
optimum compositions, III and IV, as well as those of the reference vulcan-
izates I and II are listed in Table II. Vulcanizates from compositions IIT
and IV possessed lower values of tensile strength, stress at 300% elongation
(300% modulus), and hardness, about the same tear resistance and considerably

higher elongation values than reference vulcanizate I which was cured with
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gulfur plus NCHBTSA. Vulcanizates III and IV had physical properties
which were generally comparable to the non-free sulfur cured reference
standard II, although the elongation values of vulcanizates III and IV
were somewhat higher,

When the physical properties of the aged samples in Table IT
are compared, however, it is apparent that vulcanizates from compositions
IIT and IV were somewhat more resistant to aging than the reference vulcan-
izate I1 and they were substantially more resistant than reference vulcan-
izate T.

The scorch resistance of compositions III and IV and reference
compositions I and II, as measured by a shearing disk viscometer, are also
reported in Table II. Compositions III and IV were considerably more
scorch resistant than reference compositions II but less than reference
composition I.

Vulcanizates III and IV exhibited a tendency to bloom, the bloom-
ing properties of the former being the more pronounced. It was learned (8)
that the addition of low molecular weight polyethylene waxes to rubber compo-
gitions might hinder or completely prevent blooming. A few vulcanizates of
the composition III (TMTD with DBTDMIU) were prepared with 2 PHR of the poly-
ethylene wax. These products had slightly lower tensile strengths and
glightly higher per cent elongations and no bloom. While this study was
limited to a few mixes of only one type of composition, the results do

offer encouragement for the possibility of better control of bloom.

Dicumyl Peroxide Vulcanizing System

The improved aging qualities of vulcanizates produced in the
absence of added free sulfur, such as presented in the preceding section,

have increased interest in curing systems containing no sulfur at all.

-8-



Much of the early work on various types of peroxides (1,4,9) did
not indicate much promise for commercial applications. During the early
stages of the present investigation, however, the commercial availability
of dicumyl peroxide (10) was announced and the first information indicated
that it possessed promising qualities for rubber vulcanization. Thus, 1t
was of considerable interest to examine this material. Also, during the
course of this work successful vulcanizations of Hevea and nitrile rub-
bers with dicumyl peroxide were reported (5,11).

The ultimate tensile and elongation values of vulcanizates
cured with various amounts of dicumyl peroxide are shown in Figures
2a and 2b.

The vulcanizates used to obtain the curve in Figure 2a were pre-
pared from rubber compounds which contained only the PBNA originally present
in the SBR-1500 (approximately 1.25 PHR) while those in Figure 2b contained
one additional PHR of PBNA. It should be noted that the concentration of
DCP-40 corresponding the maximum tensile value shifted from approximately
1.5 to 2.25 PHR of DCP-40 by the addition of 1 PHR of PBNA. Thus, it was
apparent that portions of the amine antioxidant and the dicumyl peroxide
reacted.

The physical properties of the optimum vulcanizates V and VI cured
with DCP-4O are recorded in Table ITI. These vulcanizates had somewhat low
values of tensile strength, per cent elongation, stress at 300% elongation
and tear resistance in comparison with those of the standard NCHBTSA-sulfur
cured vulcanizates while the hardness values were comparéble. These peroxide
cured vulcanizates also had lower per cent elongation and tear resistance
values than the DPMITS-MBT reference vulcanizate IT but otherwise the original
physical properties were similar. After air-oven aging, however, the values
of the tensile properties of the DCP-4O cured vulcanizates were higher than

those of the reference vulcanizates I and II.
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The Mooney scorch resistance of composition VI containing 2.25

PHR of DCP-40 appeared to be comparable to that of the reference composi-
tion I which contained free sulfur and NCHBTSA. This conventional scorch
test, however, was not entirely meaningful for the peroxide compositions
since some peroxide decomposed without causing vulcanization during the
test (12). Therefore, the supplementary test described in the Experimental
Part was used which involved heating sheets of the compounded rubber, as
obtained directly from the mill, in a circulating air-oven for periods up
to three hours at temperatures from 230 to 250°F, followed by curing at
307°F for 30 minutes, and finally determination of the physical properties.
The physical properties of vulcanizates from compositions heated at 230°,
240°, and 250°F and containing originally 2.25 PHR of DCP-40 and one addi-
tional PHR of PBNA are summarized in Table III. It may be seen that the
compositions withstood heating in air for about 30 - 40 minutes at 250°F
and somewhat longer periods at the lower temperatures before changes in
the physical properties of the corresponding vulcanizates were substantial.
Thus, the safe processing time is judged to be approximately 30 - 4O minutes
rather than 54 minutes as measured by the Mooney scorch test.

Since the supplementary test seemed more realistic than the
Mooney scorch test for evaluating the processing safety of rubber compounds
containing dicumyl peroxide, it was of interest to determine the safe pro-
cessing times of compositions III and IV by this heating procedure. Table
ITT contains the results of these experiments on compounds containing
accelerator combinations. These data indicate that periods in which the
raw compositions can be held at 250°F without causing substantial changes
in the tensile properties of the final vulcanizates are in the range of

20 - 30 minutes. The heating of the compositions for periods of 30 - 60
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minutes resulted in products which, after curing, possessed higher tensile

strength than those which had not been pre-heated. It is interesting that
after heating the raw composition IIT for 2 hours at 250°F, the formula-
tion could still be compression molded at 307°F to yield a sound sheet.
These results emphasize the arbitrariness associated with the rating of

general processing stability from specific laboratory tests.

Dicumyl Peroxide - Sulfur-Bearing Accelerator Vulcanizing Systems

The third type of vulcanizing system comprised the use of acceler-
ators in combination with dicumyl peroxide and PBNA. They included the
compounds in the following groups:

1) Zinc dibutyl-dithiocarbamate (ZDBDTC)
Tetramethyl-thiuram-disulfide (TMTD)
Tetrabutyl-thiuram-monosulfide (TBTM),

2) 2-Mercaptobenzothiazole (MBT)
Diphenylquanidine (DEG), and

3) 2,M-Dinitrophenyl-dimethyl—dithiocarbamate ( DMPDMDTC) .

Vulcanizates cured with combinations of DCP-40 and members of the
first group generally possessed the highest values of physical properties,
those formed from the use of the second group of accelerators appeared to
have some less desirable properties, and those prepared by use of DCP-40
and the compound of the third group had the least desirable physical
properties.

The ultimate tensile and elongation values for vulcanizates cured
with various amounts of DCP-4O with TMTD, and with ZDBDTC are shown in
Figures 3%a and 3b. Typilcal sets of physical properties for the vulcanizates
cured with combinations of DCP-40 and members of the three groups mentioned
above are listed in Table II (composition numbers VII - XII).

It was found necessary to add 1 PHR of stearic acid and 3 PHR of
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zine oxide to the compositions containing DCP-40 'plus TMID or ZDBDTC as
curing agents in order to obtain vulcanizates with good physical properties.
The optimum composition VII contained 3.75 PHR of DCP-40, 0.75 PHR of TMID,
1 PHR of PBNA, 1 PHR of stearic acid and 3 PHR of zinc oxide., When the
properties of the vulcanizate from this compound are compared with those
of the optimum vulcanizate VI, containing DCP-40 as the only curing agent
(Table II), it is apparent that the use of TMID with DCP-LO has caused some
increase in tensile strength and a large increase in elongation, with little
effect on the other physical properties and the age resistance.

Similar and somewhat more pronounced changes resulted from the
use of DCP-40 with ZDBDIC and PBNA. The optimum composition VIII as deter-
mined from Figure 3b was 3.75 PHR of DCP-4O, 1 PHR of ZDBDTC, 1 PHR of
stearic acid and 3 PHR of zinc oxide, and it can be seen in Table II that
the resulting vulcanizate had considerably higher tensile and elongation
values than the DCP-4O cured vulcanizate with equally good resistance to
aging.

The values of the physical properties of the unaged vulcanizates
of composition VIII are therefore similar but not identical with those of the
vulcanizates from the free sulfur-accelerator combination. It should be noted,
however, that the concentration of DCP-L40 required to yield a product possess-
ing maximum tensile strength is greater than the concentration necessary to
glive the product with maximum tear strength.

The tensile values for the aged vulcanizates in Figures Ja and
3b were higher than those of the comparable unaged samples, the effect being
the more pronounced for the products formed in the presence of DCP-40 and
TMID. The reasons for this effect are not completely clear but must be due

at least in part to additional curing during the aging process. This effect



will be discussed further in the following section.

Mooney scorch values for compositions VII and VIIT were 26 and
40 minutes, respectively; and the time of heating of composition VII, at
250°F, which did not produce changes in the physical properties of the

vulcanizate was 30 minutes.

Effect of Curing Time on Dicumyl Peroxide Systems

As anticipated above, it was of interest to examine the effect
of curing time at 307°F on the unaged physical properties of vulcanizates
cured with dicumyl peroxide alone and in combination with accelerators.

In Figures 4a, 4b and 4e, variations of tensile properties with
curing time are shown for wvulcanizates cured with DCP-40 and with combina-
tions of DCP-40 and TMID or ZDBDTC. Figures La and bc show that the tensile
properties of the vulcanizates have reached or are rapidly approaching limit-
ing values at curing times of 30 to 35 minutes at 307°F. The tensile proper-
ties of the DCP-40 -~ TMTD cured samples (Figure Ub), however, appear to be
rising at the 40 minute point. It seems likely, therefore, that postcuring
during aging may account, at least in part, for the large increase in tensile

strength after air-oven aging shown in Figure 3a.

Aging of Selected Vulcagnizates at Various Temperatures

The vulcanizates III to VIII were resistant to air-oven aging at
212°F during T2 hours. To gain further information about their age resis-
tance under morestringent conditions, vulcanized test specimens were sub-
jected to air-oven aging at 212°F for periods up to 32 days, at 250°F for
periods up to 15 days, and at 300°F for periods up to 12 hours. The effects
of extended aging at 212°F on ultimate elongation, tensile and stress at
300% elongation are summarized in Figures 5, 6 and 7. Figures 8 and 9
show the effect of air-oven aging at 250° and 300°F on the ultimate elonga-

tion of the various vulcanizates. A brief summary of these data is reported
-13-



in Table IV.

Aging Studies at 212°F

On inspection of the curves shown in Figures 5, 6 and T, it
can be seen that the per cent elongation of the vulcanizates varied more
regularly with time of aging than did the stress at 500% elongation or the
ultimbdte tensile strength. Thus, for purposes of discussion, attention
may be concentrated on Figure 5.

It is interesting that the vulcanizates from the peroxide contain-
ing compositions' VI, VIT and VIII, showed the greatest resistance to change
in per cent elongation throughout the 30 day period at 212°F. However,
vuleanizates III and IV, from the sulfur-bearing accelerator combinations,
showed equally good resistance after the first 10 days.

Vulcanizate V, produced by the action of 1.5 PHR DCP-40 (without
additional PBNA), showed relatively poor resistance to aging, but vulcan-
izate VI formed from 2.25 PHR of DCP-40, with one addition PHR of PBNA
showed excellent resistance. The age resistance of the vulcanizate formed
from 3 PHR DCP-4O with 2 additional PHR of PBNA (not shown on the graph) was
somewhat greater than that of vulcanizate VI; however, the product from
3.75 PHR DCP-40 with 3 additional PHR of PBNA (not shown on the graph) gave
no further improvement in age resistance.

Aging Studies at 250°F

The per cent elongation values of the selectedwulcanizates after
air-oven aging for various times at 250°F are shown in Figure 8, and the
tensile, elongation, stress at 300% elongation and hardness after aging
Br 7 days at 250°F are reported in Table IV. The data indicate that 250°F
represents severe aging conditions, with the per cent elongation for all the

aged vulcanizates being essentially zero after 1l days at that temperature.
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The vulcanizates VII and VIII (cured with DCP-4O plus TMID or
ZDBDTC and including additional PBNA) had the greatest resistance to aging
at 250°F. The order of decreasing age resistance of the remaining vulcan-
izates was: 1) accelerator cured reference vulcanizate II, 2) dicumyl
peroxide cured vulcanizate VI, and 3) the sulfur plus accelerator cured
standard vulcanizate I.

Aging Studies at 300°F

The curves in Figure 9 represent the change in elongation with
the time of air-oven aging at 300°F, while Table IV lists the tensile,
elongation, stress at 300% elongation and hardness after aging 12 hours
at 300°F. Again, the vulcanizates cured with dicumyl peroxide plus acceler-
ator combinations, VII and VIII, exhibited the greatest age and/or temper -
ature resistance. These vulcanizates showed little change in elcngation
until after 9 to 12 hours in air at 300°F. Beyond that point the elonga-
tion decreased regularly to a value of spproximately 150% at 20 hours.

Raw Materials Costs of Vulecanization Systems

In Table V the relative costs of the compositions I - VIII (excluding
V) including the ‘indicated vulcanizate agents and 50 PHR MAF carbon black
are listed. It may be seen that raw materials costs of vulcanizate VI is
1.8% greater, and the other compositions are 5.2 - 5.8 greater than the

cost of the sulfur-accelerator system.
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DISCUSSION OF RESULTS

The results of this study are summarized in a qualitative fashion

in TableVI, and are briefly discussed in the following paragraphs.

Physical Properties of Vulcanizates

It has been seen that physical properties of the unaged vulcan-
izates prepared by use of the peroxide-accelerator-PBNA system are essen-
tially equivalent, though not identical, to those of the products cured with
the free sulfur-accelerator system. Vulcanizates prepared by the action of
dicumyl peroxide without accelerators, and vulcanizates produced by the
accelerators combinations possessed somewhat lower tensile properties,
However, heating of the uncured accelerator compositions for 30 minutes
at 250°F followed by compregsion molding at 307°F for 30 minutes yielded
sheets with high tensile strengths. The vulcanizates which had been cured
with accelerator combinations showed a tendency to bloom. The presence of
a small amount of polyethylene wax eliminated bloom in the one case tried.

Vulcanizates from the peroxide systems showed no bloom.

Age Resistance of Vulcanizates

The age resistance of the vulcanizates produced from all of the
non-free sulfur curing systems was substantially greater than those from
the free sulfur-accelerator combination. The vulcanizates produced by the
action of dicumyl peroxide in combination with accelerators were the most
resistant to air-oven aging.

By reference to Table VI, a rough parallelism may be noted between
the age resistance of vulcanizates and the strength of the probable cross-

links as listed by Dogadkin and Torasova (13). On that basis it would appear
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that C-C crosslinksshould yield the strongest and most age resistant
rubber. Then the question arises regarding the contribution of the
accelerators (which contain sulfur and nitrogen) to the dicumyl peroxide
vulcanization. Three possible functions of the sulfur-nitrogen bearing
accelerators to the peroxide vulcanization are suggested: 1) the acceler-
ators induce the decomposition of the peroxide allowing the process to take
place at a lower activation energy and resulting in a more even distribu-
tion of crosslinks; (2) the decomposition produds of the sulfur-nitrogen
bearing accelerators function as antioxidants; and (3) the accelerators
act as dispersing agentg for the peroxide in the rubber.

While the results of this study do not afford a decision regard-
ing the relative merits of these suggestions, they do emphasize that further
study of dicumyl peroxide vulcanization systems should include attention to

other reducing and dispersing agents.

Processing Stability of Uncured Compositions

The results listed in Table VI show that compounds containing the
conventional free sulfur-accelerator combination remain the most resistant
to precuring or decomposition during processing. Compounds with the peroxide
combinations are stable in air for 30 - 40 minutes at 250°F and for longer
periods at lower temperatures. The accelerator compositions gave scorch
values of 20 - 30 minutes, However, the heating of the uncured accelerator
formulations from 0.5 to 2.0 hours at 250°F did not prevent curing by compres-

sion molding at 307°F.

Relative Costs of Raw Materials

The raw materials costs for compositions containing 50 parts of

carbon black per hundred parts of rubber and the specified vulcanizing agents

-18-



are surprisingly similar. The DCP-40 + PBNA composition is 1.8% greater
and the others are 5.2 - 5.8% greater than the cost of the free sulfur-

accelerator combination.

Thus it is concluded that vulcanization systems for SBR based on
dicumyl peroxide in combination with accelerators and phenyl-f-naphthylamine
yield vulcanizates with satisfactory physical properties and excellent
aging qualities, but they are somewhat more expensive and are less stable

to processing than the conventional free-sulfur accelerator curing systems.

-19-
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% ELONGATION

| | | l ! I | l | | |
——0—— 1.75 SULFUR + INCHBTSA
—DO—— 2.25DCP-40+ | PBNA
——f—— 375 DCP-40+0.75 TMTD + IPBNA

600l— ——@—— 3.75 DCP-40+I1ZDBDTC + | PBNA

300
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I O O A I R

9] 2 4 6 8 10 12 14 l6 18 20 22 24
HOURS AT 300°F

0
Fig. 9 Effect of air-oven aging at 300 F on elongation of selected
SBR vulcanizates
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TABIE V

COST OF MATERIALS FOR SEIECTED COMPOSITIONS

Composition Curing
Number System
I 1.75 Sulfur + 1 NCHBTSA

1I 1 DPMITS + 1 MBT

III 1.75 TMID + 1 DBTDMTU
Iv 1.75 TMID + 1 MBT
VI 2.25 DCP-40 + 1 PBNA

VII 3.75 DCP-40 + 0.75 TMID +

1 PBNA
VIII 3.75 DCP-40O + 1 ZDBDIC +

1 PBNA

Materials Cost,®
$/100 1bs.
Compounded Rubber

19.05
20.05
20.16
20.0k
19.40

20.0k4

20.15

Per cent Cost
Increase Over
Composition I

5.2
5.8

5.2
1.8

5.2

5.8

aThe values listed were estimated from market prices listed in Rubber Age, 79

870 (1956).
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