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Honyuen npodykm e3aumooeiicmeus Inuxaopeuopuna ¢ o-genunenouamunom. Memo-
00M 00PAMHO20 MUMPOBAHUS NOKA3ZAHO, YMO INOKCUOHbIE ZPYRNbL ObLIU UPACXO0006AHbBL 8 NPO-
yecce noayyenusn aooykma. Hugppaxpacuwie cnekmpul pecucmpuposanu na @ypve-cnekmpogho-
momempe FTIR-8400S ¢pupmuor Shimadzu. Memooom ungppaxpacrnoii cnekmpockonuu nokasaHo,
Ymo noay4eHHnslii npoOyKm npeocmaegnnem cooou emopuunsvtii amun. Taxum obpazom, snoxcuo-
Hble 2PYnnbl INUXAOPZUOPUHA PeazupyIom ¢ amuHnozpynnamu o-gpenunenouamuna. Ilonyuyennsiii
HpOOyKm @vloeien 6 sude meepoo2o KPUCMAIIUUECKO20 6eUleCMEd ¢ MeMNEPamypHsIM UHmep-
eanom naaenenusn 104 — 106 °C. Hcecnedosanu pe3unogvle cmecu Ha 0CHOBe OYMAOUEeH-CHUPOIb-
Hozo kayuyka CKC-30APKM-15, codeprxcawue cepy, 2-mepxanmobensmuazon, OugheHunzyanu-
Oun, Oenuna YyuHKogvle, Ceapun mexHuyecKuil, mexuuueckui y2nepoo N-550 u npomugocma-
pumenu ¢ oozuposke 6,6 mmonn/100 2 kayuyka. B kauecmee npomugocmapumeneii npuMeHsAIU
RPOOYKmM 63AUMOO0CUCHEUsL INUXTIOP2UOPUHA U O-enunenouamuna, N-uzonponun-N'-ghenun-n-
tenunenouamun, 2,2-memunen-ouc(4-memun-6-mpemoymungpenon). Ilapannenvno uccneoo-
6anu pe3uHo8yIo cmech ez npomueocmapumens. Pesunoewvie cmecu uzzomaenusanu na sanvyax
JI6 320 160/160 npu memnepamype 45-55 °C. Bynkanuszayuonnsie XapaKmepucmuKky pe3uHoGblx
cmeceil onpedenanu Ha peomempe Pheo-Line MDR ¢hupmut Prescott Instruments npu memnepa-
mype 160 °C. Ycmanoeneno, umo ucciedyemvlii a00yKm NPAKMUYECKU He 61usem Ha CKOPOCHb
eyakanuzayuu. Bvicokue 3nauenusn pasnocmu meixncoy MaKkCuUMAaiabHbM U MUHUMAIbHBIM 3HaAYe-
HUAMU KPYMAWLE20 MOMEHIMA PE3UHDBL C UCCTE0YEMbIM A0OYKMOM YKA3bl6aaU HA GbICOKYIO CHie-
NneHb CUUBARUA MAKPOMONEKY. Bynkanuzayuro npoeoounu ¢ 2uopasiuiueckom 8yaKaHu3auyuon-
Hom npecce 600-600 23 npu memnepamype 160 °C ¢ meuenue 15 mun. Hccnedosanusn ceoiicme
GYIKAHU30BAHHBIX PE3UH NPOBOOUIU CO2IACHO NPUHAMBIM ONA PE3UHOGOI NPOMBIULIEHHOCU
cmanoapmam. Beicokue 3nauenus Hanpax3ceHuii npu 3a0aHHBIX YOTUHEHUAX PE3UHBL C UCCED0-
GAHHBIM RPOOYKIMOM MAKICE CBUOEMENbCME08ANU O 6bICOKOU cmenenu gyakanuszayuu. Ilpume-
HeHue npooyKma 63aumMoO0elicCmeus INUXA0PUOPURA C O-PEHUIEHOUAMUHOM 6 COCMABe PE3UH Ha
ocnoee kayuyka CKC-30APKM-15 obecneuusano 6blcoKyI0 CHOUKOCHIb K MEPpMUUEcKoMy cmape-
HUIO U OUHAMUYUECKYIO LIHOCTIUBOCHTD.
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The epichlorohydrin - o-phenylenediamine reaction product has have obtained. With re-
verse titration the fact has been proven that the epoxy groups were completely used up to produce
the adduct. The Shimadzu FTIR-8400S Fourier spectrometer was used to register the IR spectra.
Through IR spectroscopy it was demonstrated that the resulting product is a secondary amine.
Thus, epichlorohydrin epoxide groups react with the o-phenylenediamine amino groups. The prod-
uct has been isolated in the form of a solid crystalline substance having the melting temperature
range of 104-106 °C. The rubber mixes based on SKS-30ARKM-15 butadiene-styrene rubber con-
taining sulfur, 2-mercaptobenzthiazole, diphenylguanidine, zinc white, industrial stearin, N-550
carbon black and rubber anti-aging agents at 6.6 mmol/100 g were also studied. The epichlorohy-
drin - o-phenylenediamine reaction product, N-isopropyl-N'-phenyl-p-phenylenediamine, and 2,2-
methylene-bis(4-ethyl-6-tert-butylphenol) were used as the anti-aging agents. A rubber mix contain-
ing no anti-aging additives was studied. The rubber mixes have been prepared in LB 320 160/160
rollers, at 45-55 °C. The vulcanization properties of the rubber compounds were tested using Pres-
cott Instruments Rheo-Line MDR rheometer at 160 °C. It was established that the studied adduct
has virtually no effect on the vulcanization rate. High values of the difference between the maxi-
mum and minimum values of the torque of rubber with the adduct under study indicated a high
degree of cross-linking of macromolecules. The mixture has been vulcanized in a 600-600 2E hy-
draulic vulcanization press at 160 °C for 15 min. Studies of the properties of vulcanized rubber
were carried out in accordance with the standards accepted for the rubber industry. High tensile
stress values at given elongations for the rubber containing the product studied have also indicated
a high degree of vulcanization. The use of the epichlorohydrin - o-phenylenediamine reaction prod-
uct in the SKS-30ARKM-15 rubber based compounds has ensured high thermal aging resistance
as well as dynamic fatigue resistance.

Key words: antiaging agent, rubber, aging, o-phenylenediamine - epichlorohydrin reaction product

INTRODUCTION to degradation qf polymeric. materials [1]. The problem
of polymers aging along with that of polymeric mate-

The issues of polymers aging and stabilization rials stabilization have been paid great attention in Rus-

as well as those of composite materials are among the  sia as well as internationally [2]. Polymers/composite
high priority areas of polymer science. Oxidation leads  materials aging protection is important from a practical
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point of view. It is economically feasible to prolong the
service life of polymer products through the use of var-
ious stabilizers [3-6]. Numerous reports on elastomeric
materials aging protection have been presented at var-
ious scientific conferences [7-12].

Despite the toxicity of amine-type stabilizers
[13-17] and the impossibility of their use for light col-
ored - or multi-colored materials [18], more attention
is currently being paid to paraphenylenediamine deriv-
atives as the most effective [18] and the most common
[19]. They have proven themselves as good antiaging
agents, antifatigue agents, and antiozonants [20-23].

Alkylated derivatives of p-phenylenediamines
are widely used in industry. The first step of prepara-
tion is obtaining of 4-aminodiphenylamine. The sec-
ond step is alkylating of 4-aminodiphenylamine with
ketones in the presence of catalysts [24]. Thus, the dis-
advantage of preparation such antioxidants is using
two steps.

There are some methods to obtain antioxidants
in one step. For example, N,N'-bis(1-methylhep-
tyl)phenylenediamine is obtained by alkylation of phe-
nylenediamine-1,4 with hexylmethyl ketone in the
presence of a catalyst. It isn’t inferior to N-isopropyl-
N'-phenyl-p-phenylenediamine (IPPD) as a antioxi-
dant for synthetic rubbers [24]. However, N,N'-bis(1-
methylheptyl)phenylenediamine is a reddish brown
liquid and can’t be used for automatic weighing.

It is known the method to obtain and investi-
gation of amine-containing antioxidants with a hy-
droxyl group in the molecule. For example, N-phenyl,
N'-oxyalkyl-p-phenylenediamine was synthesized and
studied in [25]. It has several reactive groups in its
structure. The action of each of reactive groups is spe-
cific to the deactivation of radicals. Therefore, such
substances are effective as rubber antioxidant. Also the
presence of hydroxyl groups in its molecule leads to
the formation of hydrogen bonds. The hydrogen bonds
leads to reducing the leaching and volatile of the anti-
oxidant during the usage of rubber products. However,
it is nessesary to use propylene oxide for synthesis.
Propylene oxide is toxic and carcinogenic organic
compound, a volatile liquid with a low boiling point of
34 °C, extremely flammable. Synthesis requires the use
of high pressure.

In this work it was proposed using epichloro-
hydrin with a boiling point of 117 °C to obtain an anti-
oxidant. Such method wasn’t require high pressure.

Currently, new phenylenediamine-derivatives
stabilizers are synthesized [25-27] by applying new
production methods [28-29].

The rubber industry produces and conducts re-
search into not only p-phenylenediamine-based anti-

ChemChemTech. 2024. V. 67.N 1

I.B. Shilov, E.S. Shirokova, V.D. Voronchikhin

aging agents but also into agents on the basis of other
aromatic amines to expand the industry's raw material
base [30-33].

This paper covers the possibility of obtaining a
rubber stabilizer at the epichlorohydrin - o-phenylene-
diamine reaction. The molecule of obtained antioxi-
dant contains chlorine, which provides a higher molec-
ular weight. Higher molecular weight is important for
reducing the leaching and volatile of the antioxidant
during the usage of rubber products.

The epichlorohydrin - o-phenylenediamine
(OPh-E) reaction product has been studied as a part of
the styrene-butadiene rubbers.

METHODOLOGY

The OPh-E has been produced through the re-
action of epichlorohydrin (as per GOST 12844-74, pu-
rity exceeding 99.5%) with o-phenylenediamine (as
per Technical Requirements (TR) 6-09-05-1291-84,
purity exceeding 97.5%) as shown in the Scheme:

NH,

2 Cl-CH,—CH—CH, + — NH,
\O/

Y

OH

NH—CH,—CH—CH,—Cl

QNHCHZIICHCHzC‘I

OH
Scheme. Epichlorohydrin - o-phenylenediamine reaction
Cxema. Peakum{ SMUXJIOPruipuHa - 0-(1)CHI/IJ'ICHI[I/IaMI/IHa

To obtain OPh-E, 0.1 g-mol* of o-phenylene-
diamine along with 350 ml of acetone have been
loaded into the reactor. Upon complete dissolution of
o-phenylenediamine, after stirring the boiling reaction
mass for 60 min, 0.2 g-mol* of epichlorohydrin has
been added through a drip funnel. Once the complete
amount of epichlorohydrin has been introduced, the
boiling reaction mass is stirred for 180 min at 56 °C
and then cooled. The mass fraction of epoxy groups has
been determined through the reverse method (as per
GOST R 56752-2015). It has been impossible to regis-
ter the presence of epoxy groups in the solution as well
as within the finished product once the reaction is com-
plete. The reaction mass has been concentrated. The
reaction product has been filtered. The obtained prod-
uct, OPh-E, is a crystalline substance, brown in color,
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odorless, having the melting temperature range of 104-
106 °C, which range has been determined through the
capillary method by using a liquid bath (as per GOST
33454-2015).

The IR spectra of the obtained substance and
o-phenylenediamine have been registered with Shi-
madzu FTIR-8400S Fourier spectrometer.

As an antiaging agent, the OPh-E has been
studied within SKS-30ARKM-15 butadiene-styrene
rubber (w/w): sulfur — 2.0; 2-mercaptobenzthiazole —
1.5; diphenylguanidine — 0.5; zinc white — 5.0; tech-
nical stearin — 1.5; N-550 carbon black — 50.0. Concur-
rently, we have been studying rubbers with the following
anti-aging agents added: IPPD, 2,2-methylenebis(4-me-
thyl-6-tert-butylphenol) (Agidol-2) compared to rub-
ber without additives. The content of anti-aging agents
is 6.6 mmol/100 g of rubber. The IPPD was used as a
comparison object because of it using for all rubber
parts of tires in Russia. [34]. The rubber mixes have
been prepared in LB 320 160/160 rollers, at 45-55 °C.

We have tested the vulcanization properties of
the rubber compounds by using Prescott Instruments
Rheo-Line MDR rheometer at 160 °C (as per GOST
12535-84). We have determined the vulcanization start
time ts1, the optimal vulcanization time tgo, the mini-
mum M, and maximum Mgr torques.

The mix has been vulcanized in a 600-600 2E
hydraulic vulcanization press at 160 °C for 15 min. The
rubbers' tensile stress properties (nominal tensile
strength f;, relative elongation at rupture &, stress at
100% elongation fio and stress at 300% elongation
fa00) have been determined with the RMI-60 tensile
testing machine as per GOST 270-75. Rubber tear
strength Ts has been tested with the RMI-60 tensile
testing machine on C-shaped undercut samples (G
method) as per GOST 262-93. The rubbers' multiple
stretching fatigue life N at constant strain amplitude
has been determined with the MRS — 2 machine as per
GOST 261-79. The strain amplitude value g is 100%.

The rubbers' thermal degradation resistance
has been tested as per GOST 9.024-74. The test result
has been considered the change in a characteristic in-
dex value upon strength aging S, by relative elongation
S: and by stress at 100% elongation Sr0. Thermal aging
of the rubbers has been carried out at 100 °C for 72 h.

RESULTS AND DISCUSSION

The o-phenylenediamine IR spectrum (Fig.)
demonstrates two absorption bands of 3400 cm™ and
3303 cm corresponding to the valence oscillations of
the primary aromatic amine.

There is a 3302 cm™ absorption band in the
OPh-E 3500-3300 cm™ IR range, which corresponds to
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valence oscillations of the secondary aromatic amine,
the 3400 cm absorption maximum, characteristic of
o-phenylenediamine, has not been detected. Thus, the
epichlorohydrin - o-phenylenediamine reaction forms
a secondary amine [35, 36].

The use of Agidol-2 and IPPD in styrene-buta-
diene rubbers (Table 1) leads to an increase in the op-
timal vulcanization time tg and the vulcanization start
time ts;. OPh-E has practically no effect on vulcaniza-
tion kinetics.
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Fig. IR spectra of (1) o-phenylenediamine and (2) o-phenylenedi-
amine - epichlorohydrin reaction product. 7 — transmittance (%),
v —wavenumber (cm?)

Puc. UK cnekrpsl o-penmnenanamuna (1) ¥ MpoayKTa peakuu
o-(heHMIeHANaMIHA C AMUXIOpruaApuHoM (2). T — mpomyckanue
(%), v — BonHOBOE 9Hcio (cM™Y)

Table 1
Properties of rubber mixtures
Tabnuya 1. CBoiicTBa pe3MHOBBIX cMeceil

Anti-aging agent
Index OPh-E | IPPD | Agidol-2 | -
ts1, min:s 0:29 0:47 1:04 0:39
to0, Min:s 5:05 7:37 9:53 4:48
My, N'm 1.85 1.78 1.69 1.60
Mur, N-m 17.11 17.09 16.47 15.49
Mur - M, N'm | 15.26 15.31 14.78 13.89

Based on increacing the stress values at 100%
elongation figo and 300% elongation fsoo the investi-
gated rubbers stand in such line of chemical cross-link-
ing degree Agidol-2< without additive < IPPD < OPh-E
(Table 2). Thus, it should be note a high degree of
chemical crosslinking of rubber containing the experi-
mental product, OPh-E. Also the high difference be-
tween the maximum and minimum torque values (Mur
- My) for rubbers both with IPPD and OPh-E has indi-
cated to a partial correlation of this parameter with the
degree of chemical crosslinking of rubber. The condi-
tional tensile strength f, and tear resistance Ts of the
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studied rubbers are at the same level within the meas-
urement error limit. High fatigue life values at multiple
stretching N of IPPD and OPh-E rubbers should be
noted. The marginal fatigue endurance N advantage of
IPPD rubber over OPh-E rubber is possibly due to the
fact that IPPD rubber has lower stress values at given
elongations and higher elongation and is thus lower
modulus rubber containing OPh-E. In the constant strain
amplitude test mode, the fatigue endurance under re-
peated tension is higher for low-modulus rubbers.

Table 2
Properties of rubbers
Taoauya 2. CBolicTBa pe3nH
Antiaging agent
Index OPh-E | IPPD |Agidol-2| -

f,, MPa 15.1 15.5 14.4 14.1
f100, MPa 4.7 3.9 34 4.4
fa00, MPa 13.7 13.1 11.4 12.7

e, % 360 400 380 330
Ts, KN/m 49 48 50 49
N, thousand cycles 8.5 10.3 6.2 1.8
B 7,07 6,66 6,53 | 6,28
Table 3

Changes in rubber characteristics after aging
Taobnuya 3. U3MeHeHUs1 XapAKTEPUCTUK Pe3UH MoOcJjIe

cTapeHust
Antiaging agent
Index ~5ph-E | 1PPD | Agidol2 | -
St % -3 -3 5 -9
S., % -25 -35 -34 -38
St00, % 19 36 35 37
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In terms of resistance to thermal aging (Table 3),
rubbers with OPh-E are not inferior to rubbers with
IPPD and are superior to rubbers with Agidol 2.

CONCLUSIONS

Thus, a product of the interaction of epichloro-
hydrin and o-phenylenediamine was obtained in one
step under mild conditions at 56 °C and atmospheric
pressure. The reaction product is a solid crystalline sub-
stance with a melting temperature range of 104-106 °C.

It has been established that rubber based on
SKS-30ARKM-15 with the studied product is not infe-
rior to rubber with N-isopropyl-N'-phenyl-p-phe-
nylenediamine in terms of resistance to thermal aging
and is superior to rubber with 2,2-methylene-bis (4-
methyl-6-tert-butylphenol). It is shown that the use of
the product of the interaction of epichlorohydrin and o-
phenylenediamine provides high fatigue endurance un-
der repeated stretching of the studied rubbers.
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