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Abstract: The effect of Organo-Chlorine Compounds (OCC) on the radiation structuring of SKN-40 was
investigated in filled model systems with 5 mass. h. of ZnO. The content of gel was determined at various
dosages of OCC after irradiation with doses from 5 to 40 MRad. With increasing dosages of OCC, it
takes part in the formation of rubber. After radiation exposure, the optimal conditions for the content of
gel systems are 62-65%, and the activity in the processes of radiation structuring of OCC is located in the
same row that was composed of the composition of the heating. The effective concentration of cross-links
at optimal dosages of OCC (n’c 107, cm®) in the optimum vulcanization constitute model systems with
HCCP-5,3, adduct 1-5,3, adduct 2-6,3, adduct 3-6,5. In the presence of OCC, the optimal dose of
radiation is reduced, so they can be considered as sensitizers of radiation structuring. Thus, it was found
that the investigated OCC are effective structuring agents for SKN-40 both during heating and exposure
to A irradiation.
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1. Introduction

The use of haloid-containing organic substances as agents for the thermal vulcanization of
elastomers is most prevalent in the rubber industry.Vulcanization structures formed in this case
contain mainly C-C bonds, but in addition, they can contain a set of cross-links of various
energies, and therefore allow producing rubber with the necessary statistical and dynamic
characteristics. [1, 2]

It is known that haloid-containing substances are often introduced into the composition of
rubber compounds as sensitizers of radiation vulcanization, which allows achieving the optimal
properties of rubber at lower irradiation doses. [3]

The need to obtain vulcanizates with high resistance to aggressive media, high heat
resistance, wear resistance, dynamic endurance, suggests the appropriateness of using halogen-
containing compounds in the composition of rubber mixtures based on butadiene-nitrile rubber
of the SKN-40 brand by the thermal-vulcanization method. [4]

The type of organohaloid compounds has beenchosen, guided by information known
from the literature: the highest activity is observed in chlorine-containing substances and
increases with an increase in the number of its atoms in the molecule: simultaneous, the absence
of other polar groups in the molecule strengthens the effect of rubber structuring.
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2. Results and discussion

Herein, it has been studied the vulcanizing and sensitizing effect of an organochlorine
compound (OCC) containing six chlorine atoms in a molecule, as well as one of the active
functional groups: anhydride, atoximide, propionitrile.

The data presented in Table 1 allowed us to arrange that OCC in a series in accordance
with their vulcanization activity: HCCP <Adduct 1 <Adduct 2 <Adduct 3.

Based on the results shown in Table 1, a series of oxide activity was also made during the
vulcanization of SKN-40 using OCC:

Al203<CdO<Mg0O<Zn0O

Thus, the most active vulcanizing agent for SKN-40 at elevated temperature in the
presence of activators is Adduct 3 among the considered OCC. The remaining compound studies
can also quite effectively organize mixtures based on SKN-40 containing zinc, magnesium and
cadmium oxides.

Table 1.The influence of the type of OCC and metal oxide on the structuring of SKN-40 processes heated
by Mooney viscometer at 423 K.

OCC Oxide, Start structuring Speed characteristic
3wt. h. amounts, s, Min Structuring
equimolar Tas- 75 MiN
5wt h. ’
1 2 3 4
4,2
ZnO 3,8 6,0
HCCP MgO 4,0 6,6
CdO 4,4 6,7
Al;O3 5,6
Zn0O 3,6 4.4
Adduct 1 MgO 3,8 6,0
CdO 3,6 6,2
Al;O3 10,0 7,0
ZnO 3,5 34
Adduct 2 MgO 3,8 5,6
CdO 3,7 54
Al203 10,0 6,4
ZnO 2,4 2,2
Adduct 3 MgO 3,0 5.6
CdO 3,2 5,6
Al2O3 4,0 6,0
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It has been determined the relative amount of gel formed by unfilled model mixtures
based on SKN-40 during heating in order to select the effective dosage of OCC (Figure 1.)
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Fig. 1. The effect of the content of organochlorine compounds of Nagel formation in rubber mixtures

based on SKN-40 wt. h. ZnO during heating (423 K, 40 min,): 1-HCCP; 2-adduct 1; 3-adduct 2; 4-adduct
3;

Data on the gel formation confirmed a number of OCC activity and allowed to choose
effective dosages of OCC:
HCCP- 3 wt. h.; Adduct 1- 3 wt. h.; Adduct 2 - wt. h.; Adduct 3- 1.7 wt. h.

The effective concentration of cross-links in unfilled rubber has been determined using
vulcanizing agents. (Table 2)

Table 2.The effective concentration of cross-links in unfilled vulcanizer based on SKN-40with 5 wt. h.
ZnO (423K optimum for a mixture of each composition)

Vulcanizing agent | HCCP | Adduct 1 |Adduct 2| Adduct 3 |Sulfuric vulcanizing group in a
3wt.h. | 3wt.h. | 2wt h. | 1.7 wt. h. standard mixture
n'c 10 cm3 5.2 5.4 6.7 6.8 7.6

The value of n'c for model vulcanizates was slightly lower than for a standard mixture
with a sulfur vulcanizing group.Indeed, it is known that with vulcanization at the optimum, the
value of n'c in rubber with polysulfide bonds is higher than in rubber with a predominant content
of C - C bonds.The concentration of cross-linking of the vulcanizates with the studied OCC
increases in accordance with a number of activities of the latter.

It can be assumed that [5], the vulcanization activity of OCC is directly related to their
chemical structure (see Table 1).Each of the studied compounds contains six chlorine atoms in
the molecule, and as well as adducts, and other active functional groups enhance the effect of
rubber structuring.Since the nitrogen-containing compound is sometimes successfully used
together with organohaloid compounds in the processes of vulcanization of elastomers as
activators, and some effective vulcanizing agents simultaneously contain chlorine and nitrogen
molecules.It is acceptable to assume that adducts 2 and 3 are the most active due to nitrogen-
containing functional groups.lIt is possible that the high structuring ability of adduct 3 is due to
the presence of two nitrogen atoms, one of which is in the —CN group.It can be assumed that in
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this case the chemical affinity from Adduct 3 to nitrile-butadiene rubber also manifests itself,
which facilitates the distribution of the vulcanizing agent in the elastomer.

3. Conclusion

The effect of OCC on the radiation structuring of SKN-40 was investigated in filled
model systems with 5 wt. h. ZnO.The gel content was determined at various dosages of OCC
after irradiation with doses from 5 to 40 Mrad.OCC takes part in the formation of rubber with
increasing dosages. The optimal conditions for the content of the gel in the systems after radiation
exposure is 62-65%, and the activity in the processes of radiation structuring of OCC is located
in the same row that was composed of the heating composition.The effective concentration of
cross-linksat optimum dosages of OCC (n'c10%m) in theoptimum vulcanization consists of
model systems with HCCP-5.3, adduct 1-5.3, adduct 2-6.3, adduct 3-6.5.

In the presence of OCC, the optimal dose of radiation decreases, so they can be
considered as sensitizers of radiation structuring.

Thus, it was found that the investigated OCC are effective structuring agents for SKN-40
both during heating and exposure to A irradiation.
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BJIMAHUE 'EKCAXJVIOPHUKJIOIIEHTAIMEHA U XJIOPCOAEPKAILIIUX
MUKJIAMYECKNX OPTAHUYECKHNX ITPONU3BOJHBIX INKAPEOHOBBIM
KHUCJIOTbBI HA CPYKTYPOBAHUE BYTAJUEH-HUTPUJIBHOT'O KAYYYKA
CKH-40 TIOJI IEVICTBUEM TEILIA U y-U3JTYYEHUSI

I'.H. Axynazajae

Pe3zrome: Crpykrypupyromee neiicteue rekcaxmoprukionenraguena (IXLII) u xmopcomeprxariue
pou3BOAHBIX nukapOoHoBbIe KucaoThl (XJIK) va CKH-40 ucciemoBany mpu BO3IeHCTBUH ITOBBIIIICHHBIX
TEeMIIeparyp, y-00ydeHus.
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[Tokazano uyro, npu 423K paccmarpuBaemeie XOC sddextnBHO cTpykTypupytor CKH-40 B
IPUCYTCTBUU OKCHUAOB METAJLIOB.

Knrouegwie cnosa: dnacromep, BHK, Panuanmonnas Byiakanuzaius, XJI0pOraHUIeCKUE COSTUHCHUE

HEKSAXLORTSIKLOPENTADIENVO XLORTORKIBLI TSIiKLIiK UzVi
DIKARBONTURSUSUNUNBUTADIEN _NiTRILKAUCUKUNUNTERMOV®O
RADIASIONVULKANLASMASINATOSIRI

H.N. Axundzada

Xiilasa: Xlor-lizvi Birlogsmalorin (XB) SKN-40-in radiasion tikilmosino tesiri ZnO-in 5 kiit. hisso
doldurulmus model sistemlorindo todqiq edilmisdir. ZnO. XB-nin miixtolif dozalarinda 5 MRad-dan ilo
40 MRad-a gador siialanmadan sonra gelin torkibi miioyyon edilmisdir. XB-lorin artan dozalari rezinin
formalagmasinda istirak edir. Radiasiyaya moruz qaldiqdan sonra gel sistemlorinin torkibinin optimal
sartlori 62-65%-dir, beloki XB-nin radiasiya tikilmesino aktivliys osasen tosiri onun istilik torkibi ils
eynilik toskil edir. Optimal vulkanlasmada XB-nin optimal dozalarinda (n’c 10°, sm®) tikici agentlorin
effektiv konsentrasiyast HCCP-5.3, addukt 1 -5.3, addukt 2 -6.3, addukt 3 -6, 5 kimi miioyyon edilmisdir.
XB-nin igtiraki ilo slialanmanin optimal dozasi azaldilir, buna goére do onlar1 radiasiya tikilmesinin
sensibilizatorlart kimi qabul eds bilorik. Belolikls, tadqiq edilon XB-larin istilik vo A radiasiyasina moruz
galmasi zamani SKN-40 {igiin effektiv tikilmo agentlori oldugu agkar edilmisdir.

Acar sozlar: Elastomer, BNK, Radiasion vulkanlagsma, Xlor-lizvi birlosmalar
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