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Abstract The radiation-chemical structure of acrylonitrile-butadiene rubber filled with copolymer vinyl chloride and
vinyl acetate in the ratio of 80:20, 75:25, 65:35 has been studied. The changes has been shown by physical-chemical and
spectral methods in molecular structure ofelastomer with the presence of cross-linking and sensitizing low-mo lecular organic
compounds (disulfochloride benzene and 2,4-diamine-6-phenyl sym triazine) after irradiation dose 100-300 kGy. The
radiation and thermal-radiation method of vulcanization in combination of thermal and additional radiation influence has
been developed. Radiation-chemical outputs of cross-links, number of cross-linked molecules and active grid chains in
elastomers have been defined for each studied system depending on absorbed dose. The technological mode is developed for
carrying out thermal-radiation vulcanization of NBR filled with copolymer vinyl acetate and vinyl chloride with the purpose

to obtain products, provide high service properties in sea water, petroliferous and mud solutions.
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1. Introduction

It is known, that radiation cross-linking process and
elastomeric properties are significantly influenced by
chemical constitution of macromolecules in the presence of
low-molecular components (in particular cross-linking
sensitizers)[ 1-10].

Use of ionizing radiation as a method of structure
formation in elastomers opens new possibilities for creating

elastomeric materials (EM) with improved service properties.

In addition, the elastomeric materials are used in difficult
conditions of influence on their aggressive medium in some
industries.

For changing interfacial interaction of acrylonitrile -
butadiene rubber (NBR) with polyfunctional monomers
(PFM), and also for supporting the given physical -
mechanical and service characteristics of EM, different cross
- linking ways which contains bonds between carbon atoms
are used in the system[11-15]. The creation and obtaining of
aggressively resistant EM by radiation technology method
based on NBR, filled with copolymer vinyl chloride (VC)
and vinyl acetate (VA), containing active low-molecular
compounds and study of some factors influencing on
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the parameters of spatial grid and also on the physical and
mechanical properties of NBR had received little attention.
In literature[ 10-12] few details of controversial character are
known only for rubber brands SKN-18, SKN -26 u SKN -40.

The Current work presents study ofradiation cross-linking
process of NBR filled with copolymer VC and VA and in
presence of cross-linking agent disulfochloride benzene
(DSCB), triazine (TAC) and polyester compounds (PEC),
representing considerable interest in view of their high
efficiency in linking, sensitizing and plasticizing role in
cross-linking process.

2. Experimental

The compositions based on acrylonitrile-butadiene rubber
brand SKN-40 filled with copolymer VC and VA has been
used for these experiments.

The compositions were obtained by mixing rubber latexes
and copolymer in relation 80:20, 75:25, 65:35. Mixture was
coagulated with aluminum salt at temperature of 310-352K.
The formed polymer crumb was washed with water and
dried at 343-352K.

Dissolution of cross-linking system in rubber was carried
out with the method of mechanical mill plasticization. The
compositions on 100 parts of rubber were prepared with
coupling and sensitizing agent of disulfochloride benzene
and 24-diamin-6-phenyl sym triazine (DAPST) after
thorough mixing within 3-5 min. with friction f=1:2.
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Property and contents of used linking and sensitizing
compounds with known ingredients (1) based on NBR and
filled with copolymer VC and VA are given in table 1 and 2.

The radiolysis and radiation vulcanization of binary
mixtures was carried out by Co® y-rays at dose rate 6,9 Gy/s.
Calculation of dose absorbed by the studied object was
carried out on a technique[22]. Samples weighing 1 and 50g
were placed in glass ampoules (“Beam”) and molds.
Radiation vulcanization was carried out by Co® gamma
rays[23].

Radiation-thermal (thermo radiation) vulcanized rubber
and molded rubber parts were obtained from them by
pre-heating in the press 453K within 5 min. and subsequent
irradiation in air at 303K in the range of 100-500 kGy
absorbed doses.
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For the quantitative analysis of spatial grid, 1/M; and 1/M;
were defined according to the number of grid chains and
number of cross-linked molecules in elastomer by sol-gel
analysis based on sequential extraction of samples at first
with acetone and then toluene. Magnitude of 1/M; and 1/M,
were calculated on Flory-Rehner equation[18].

The changes in molecular structure of cross-linking
systems during structuring were judged on IR spectra.
Identification of spectra was carried out in accordance
correlation tables[19-21].

Physical and mechanical properties of the filled samples
was defined on samples, obtained at high temperatures,
within irradiation process, combined by thermal-radiation
way.

Table 1. Property of low-molecular cross-linking and sensitizing compounds in radiation-chemical processes

Ne Chemical name Code name Chemical formula Physical state Region of Charafterlmc
band, sm
. . 22302240 —C=N
Filled acrylonitrile —— CH;—CH==CH—CH,—CH—CH,—CH— 720-740 -
1 -butadiene elastomer with SKN-40 : | éoo— Elastomer -
VC and VA cl \ 967 —CH=CH-
an 1640 CH,=CH,
O.Cl
2 Disulfochloride benzene DSCB 2 Powder 1380 1195 1170 ,SOZCI
1150 SO»
SO,CI
)CiHS
2 4-diamine  6-phenyl N~ N 1500-benzene ring
3 sym triazine DAPST | Powder 1540 NH
=
H,NT N7 TNH,

Table 2. Main ingredients and their contents (wh.) in elastomeric mixtures onthe base of acrylo-nitrile butadiene rubber (SKN-40) filled with copolymer

vinyl chloride and vinyl acetate

Vulcanization type
Components Chemical Radiation Thermal-radiation

(wt.p. on 100 wt.p. elastomer) 1 4 5 6 7 ] 9

SKN -40 100 - - - - - -

SKN -40+(VC+VA; 65:35) (1) - 100 - - 100 - -

SKN -40+(VC+VA; 75:25) (2) - - 100 - - 100 -
SKN -40+(VC+VA; 80:20) (3) - - - 100 - - 100
Sulphur 20 - - - 0,5 05 0,5
Zinc oxide 50 50 50 50 50 50 5,0
2,4-Diamirle(%—}£)e;1£ symtriazine ) 6.0 6.0 6.0 6.0 6.0 6.0
Disulfochloride benzene (DSCB) - 40 40 40 40 40 40
Polyester resin - 30 30 30 30 30 30

Kaptax 25 - - - - - -
Carbon P324 50 60 60 60 50 50 50
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3. Results and Discussion

In the process of elastomer mixture irradiation, DSCB and
DAPST, which are actively involved in radiation-chemical
processes, play an important role as cross-linking and
sensitizing agents, and also for reducing absorbed dose.

As per the research results at radiation-chemical processes
the interaction of low-molecular compounds, filled with
NBR copolymer, leading to the formation of a three -
dimensional grid, shows the increasing number of chain
grid (table 3) in accordance with copolymer content in
elastomer and their activity.

As per approving views in literature[2] it is assumed that,
cross-linking of NBR filled with copolymer at radiation
vulcanization arises due to active chlorine atom and carboxyl
groups. Quantity of content of copolymers VC with VA in
NBR is not the same (80:20, 75:25, 65:35). It should be
expected that they will be stitched at different speeds not
identical cross-linking level, which is actually observed. The
studied elastomers have different speed of cross-links yield
(G), which is given in the example at absorbed dose
0f100-500 KGy (table 3).

Table 3. Radiation-chemical yield of grid chain number (1/M) and
number of cross-linked molecules (1/Mn;) in NBR filled with VC
copolymer with VA vulcanizated by radiation and thermal-radiation
influence

Radiation-chemical
yield, G
Vulcanization System Number of Number of
type grid chains cross-linked
1/Ms, molecules
mol/sm’ 1/Mn,, molicm®
Radiation é i’i 01 :)2 2
D=300k > .
Gy 3 5.1 0.66
Thermal-radiation é i 411,2 451,2
" ) ;
(453Kx5" 4300k Gy) ; 3 30

Elementary calculations show that at the specified content
of VC copolymer with VA the formation of efficient
cross-link at 100kGy doses occurs with low speeds. Further,
this speed increases with a dose in the ratio 80:20, 75:25 and
65:35.(figure 1)
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Figure 1. Kinetics of cross-linking (n'c 1Kinetics of cross-linking (n'c) in
structuring of NBR filled with VC and VA at ratio 80:20 (1) 75:25 (2) 65:35
(3) by influence ofthe absorbed dose (100-500k Gy)

At the dose 400 kGy radiation-chemical yield of number

of cross-links in ratio 80:20 of copolymer/ NBR is
1,6-10'19sm'3, and in ratio 75:25 and 65:35 are 2,1-10'19 and
1,5-10'19sm'3.

Therefore, cross-linking was carried out not only due to
unsaturation of elastomer, apparently vinyl and carboxyl
groups or other reactive centers which probably formed
primary processes (molecule ionization) in radiation
vulcanization process are also involved in crosslinking.

The role of influence of joint cross-linking agents of
DSCB and sensitizing agent of DAPST in radiation -
chemical crosslinking processes has been studied for
obtaining optimum properties of elastomer and reducing of
absorbed dose in cross-linking process.

Analysis of data shows that in the presence of DSCB and
DAPST, some changes are observed in cross-link speed
(figure 2). So in systems 1 and 3, vulcanized under the
influence of irradiation in the presence of DSCB and DAPST
the maximum value ngis lower than in the system 3. It is
explained by a right ratio choice of VA and VC in copolymer.
It should be noted that with increasing irradiation dose, the
number o fcross-link yields in the filled NBR with sensitizers
is 3-4 times higher than in the absence of DSCB and DAPST.

0 50 100 150 200 250 300
D, kGy

1.NBR (80:20) + 3,0 weight part DSCB + 2,0 weight part DAPST;
2.NBR (75:25) +3,0 weight part DSCB + 2,0 weight part DAPST;
3.NBR (65:25) +3,0 weight part DSCB + 2,0 weight part DAP ST

Figure 2. Kinetics of cross-linking (n'¢) in elastomer filled with VC and
VA with participation of DSCB and DAPST depend on the absorbed dose

Thus, radiation yields ofelastomer cross-linking processes,
containing low-molecular compounds, are caused by
percolation of chain radiation-chemical processes highly
dependent on dose and polarity of groups, being a part of
sensitizer, with percolation of radical reactions.

Proceeding from the dependence of radiation vulcanized
rubbers properties on ratio value of VC and VA in copoly mer,
obtain of elastomer with plasticity, providing its technical
and technological properties is an important task.

It is known that plasticity of NBR (SKN-40) can be
adjusted over a wide range as a ready products after
irradiation and by mechanical kneading[14]. Varying the
content of VC and VA at ratio 80:20, 65:35 in copolymer
within the duration of mixture processing on roller (30 min),
destruction products of polymer chains with a various lattice
density were obtained which negatively influences on
plastic-elastic properties of elastomer. Thus, further, ratio
75:25 was used forstudying technological properties of NBR
filled with copolymer VC and VA.
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An intense crosslinking on carbon-carbonic bond occurs
under the influence of y-irradiation at a dose of 150-200 kGy
and up to 300 kGy these connections practically do not
collapse (figure 3 and 4).
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Figure 3. Influence of irradiation to the plastic and elastic properties of
acrylonitrile-butadiene rubber filled copolymer vinyl chloride and vinyl
acetate in ratio 75:25. 1-hardness; 2-plasticity; 3-Mooney viscosity
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Figure 4. Influence of thermo-radiation to the plastic and elastic

properties of acrylonitrile-butadiene rubber filled copolymer vinyl chloride
and vinyl acetate in ratio 75:25. l-hardness; 2-plasticity; 3-Mooney
viscosity

Fromthe achieved results on change of plasticity, rigidity
and Mooney viscosity, within the process of the irradiated
samples’ processing on roller, it is seen that plasticity
decrease is associated with the destruction of elastomer chain,
leading to a change in lattice density, which is bound to an
increase in Mooney viscosity, further the rigidity becomes

constant.

The nature of radiation cross-linking of DSCB filled with
copolymers VC and VA (75:25) in the presence of zinc o xide
was assessed by IR-spectra changes (figure 5). After
irradiation at a dose of 300kGy, a decrease in intensity of
absorption bands occurs at 1380, 1195 and 1170 sm'l,
characteristic for —SO,Cl groups[19-21], and also a decrease
in intensity of absorption bands at 1650sm™, characteristic
for oscillation of —-HC=CH- bonds. For the irradiated NBR
systems with a copolymer (75:25) + DSCB + ZnO some
decrease is observed in optical density of absorption bands at
970 sm™' characteristic for -HC=CH- double bonds. On the
basis of IR-spectra it can be concluded that after system
irradiation by splitting off available chlorine in sulfochloride
groups, a radiation-chemical interaction of crosslinking
agent with double bonds of polymer occurs. Cross-links
which formed in this process contain —SO,— sulfonic groups.

Tertiary carbon atoms, being one of the butadiene parts of
structures 1, 2, can participate in radiation cross-linking
reactions of the filled NBR in the presence of DSCB without
DAPST. According to literary data, the quantity of links of 1,
2 in SKN-40 elastomer is 10%[1]. Therefore, it should be
recognized that defining influence on formation of
cross-linked molecules’ yield (1/Mn,) and number of chain
grids (1/M,) is exerted by tertiary carbon atoms.

Thus, on the basis of the conducted researches it is
possible to assume the following reaction scheme of filled
NBR cross-linking by means of DSCB:

It is known that radiation vulcanized rubbers of NBR
possess very low strength, so that their use does not present
technical interest. As a result of this, the influence of active
metal oxides on physical and mechanical properties of
vulcanized rubbers should be studied expediently.

In Table 4 the corresponding data is shown for the NBR
filled with copolymer (at ratio 75:25). As it is seen fromthe
provided data, under optimum conditions zinc oxide
activates the cross-linking process and has strength indexes
20-30% higher, including yield and number of stitched
mo lecules.

Table 4. Radiation-chemical yield (G), number of chain grid (1/Mc) and number of cross-linking molecules (1/Mn;) to the one cross-link of elastomer
SKN- 40 filled with copolymer vinyl chloride and vinyl acetate (1-3) vulcanizated by radiation-chemical and thermoradiation influence

Yield of number of chain Ylelfl ofnumber of
Type of vulcanization Vulcanized systems of grid after heating, CrOSS-llnk.mg moleculei
1/M¢ 107, mollem’ afterheating, ”?/In"lo ’
e molcm
Chemical SKN-40+S+ZnO+Captax 83 3,7
Radiation-chemical yield, G
Radiation 1. SKN40 +ZnO +DAPST+DSCB 18 12
D=300 kGy 2. SKN40 +ZnO + DAPST+DSCB 4’4 094
3. SKN40 +ZnO +DAPST+DSCB 5’1 0’66
bond C-C > E
1. SKN -40 +S +ZnO + DAPST+DSCB 11.4 53
Thermoradiation 2. SKN-40 +S +ZnO + DAPST+DSCB 14’6 4,8
453Kx5'+300k Gy 3. SKN -40 +S+ZnO + DAPST+DSCB 17’3 4’0
bond G- S-C; C-C > .
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Figure 5. IR-spectra of acrylonitrile-butadiene rubber filled with copolymer vinyl chloride and vinyl acetate in ratio 7525 after irradiation by dosage

300kGy; — before irradiation ; —- after irradiation

Table 5. Properties of vulcanizates based on NBR filled with copolymer vinyl chloride and vinyl acetate

Type of vulcanization
. Radiation Thermoradiation
Data Known Chemical D=300 kGy 453 Kx5'4300 kGy
8020 | 7525 6535 8020 7525 6535 8020 7525 6535
Resistance
at break , £ MPa 21 20 22 24 13 15 17 19 23 25
Elongation, % 620 630 615 600 705 685 655 600 560 510
Coefficient heat by
resistance at break (373K) 0,80 0,70 1,02 092 0,65 0,73 0,80 1,0 14 091
Compression set(20%,
423K, 72h) 70 60 58 61 57 55 58 58 52 55
Dynamic endurance during
cyclic stretching (N) 16 18 20 18 16 17 15 20 22 24
(150%, 500 cyc/min)
Coefficient ofthermal
aging, 423K, 150h
By strength (fy) 0,50 0,105 0,69 0,70 0,82 0,87 0,94 0,60 0,78 089
By elongation(Ep) 0,34 047 0,55 0,55 09 0,76 0,80 095 0,60 0,68
By dynamic endurance (N) 0,51 0,57 0,66 0,63 0,65 0,67 0,74 0,70 0,77 0,80
Change of mass due
swelling in mix
of gasoline-benzene (3:1) 63 65 43 48 36 34 30 43 40 38
(353K, 24h), % (by weight)

Introduction of zinc oxide in the studied dosage range (6,0
wt. p) changes the irradiation dose, required for obtaining
optimum properties of vulcanized rubbers. The increase in
strength of resistance to swelling of heat ageing coefficient
can be explained by the influence of metal oxides on the
cross-linking speed of radiation vulcanized rubbers. Zinc

oxide is characterized by an increased reactivity in relation to
hydrogen chloride and accelerates vulcanization of NBR
filled with copolymer. It is known[6] that metal oxides
aggressively interact with chlorine in an ionic or radical form.
The metal chlorides being formed at the result of reaction, in
its turn, can activate vulcanization process[4,5,12], and cause
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a structure-forming effect. Consequently, the role of metal
oxides at radiation structuring of NBR filled with
disulfochloride aromatic compounds will be defined on the
one hand by chlorine fixation rate, on the other hand by the
influence of the formed metal chlorides on elastomer
structuring rate.

S0,

S0,C
chy
RH 4 Cl R +HC
50, + 2R — SO,R
S0/ SO,R
R +R R—R

RH- macromolecules of rubber

Scheme 1. Interaction of acrylonitrile-butadiene rubber with disulfo
chloride benzene

It is known that the reduce costs of radiation-vulcanized
products — is a development of more economic technology,
for example, in[10,11] proposed way of thermal-radiation
vulcanization of NBR, which would allow not only to reduce
the optimum dose, but also to obtain a product with
improved characteristics. Molding products, made by such
way, differ by their increased resistance to corrosive medium
and their working capacity is 10-15% higher than routine
products. We have developed[14-16] a thermal-radiation
vulcanization method, the essence of which is the
combination of two processes: generally thermal process and
additional radiation process. The structure of spatial grid of
such vulcanized rubbers differs from both radiation and
thermal ones, obtained by heating with sulfur and
cross-linking agents.

The introduction of 0,2 wt.p sulfur in a mixture, leads to an
increase of output of chains grids and cross-linked molecules
(table 5), and also physical-mechanical characteristics of
thermal-radiation vulcanized rubbers. The increase of
physical-mechanical characteristics can be clearly attributed
by the formation of polysulfide bonds, along with C-C
coupling.

It should be noted that thermal-radiation vulcanized
rubbers surpass radiation ones, but inferior in resistance to
heat ageing and swelling in solvents (table 5).

In order to determine the influence of temperature and
operation conditions on operating capacity of elastomeric
materials, comparative tests of vulcanized rubbers were
carried out at 423 K in corrosive medium (table 6) in which
pump compactors of drilling rigs and other devices work in
oil industry. The achieved data testify that in experimental
vulcanized rubbers the swelling level and accumulation of
compression set are less and coefficient of heat ageing in sea

water and petroliferous solutions is more than in the known
chemical vulcanization. Tensile strength after con- tact with
medium in radiation vulcanized rubbers was lower than in
chemical and thermal-radiation vulcanized rubbers.

Table 6. Comparable data of vulcanizates based NBR filled with

copolymers vinyl chloride and vinyl acetate in the ratio of 75:25 after
explottation in sea water (I), oil-(I) and clay (III) solutions at 423 K

Type of vulcanization
Chemical Radiation The@oradl
Data ation
bond: C- C-S-C+
s-C «c c-C
Strenght of rupture
(ﬁ’)’IMPa 13 10 14
11 15 10 16
II 15 11 16
Coefficient of
thermal aging, (I,II) 0,55 0,61 0,79
By f, 0,59 0,62 0,75
By E, 0,63 0,8 0,88
0,78 0,82 0,84
1 0,
Compressllon set, % 61 55 50
11 58 52 45
111 52 49 45
Change in mass due
swelling, % weight.) 77 70 64
1
11 70 59 51
111 71 50 48

Thus, analysis of the result of researches allows conclude
that the elastomers filled with vinyl chloride and vinyl
acetate copolymer with the specified crosslinking systems,
obtained in radiation-chemical way, exceed the known ones
in resistance to heat ageing and dynamic endurance at
repeated stretching in corrosive medium. All studied
ingredients are recommended for application in elastomeric
materials formulation for preparing sealing parts for boring
equipment.

4. Conclusions

The radiation-chemical structuring of acrylonitrile -
butadiene rubber filled with copolymer vinyl chloride and
vinyl acetate in ratio 80:20, 75:25, 65:35 in the presence of
cross-linking and sensitizing agents of DSCB and DAPST
has been studied.

By sol gel analysis method it was established that the
vulcanization of NBR filled with VC copolymer with VA
leads to the increase of unsaturation in the NBR molecule
and increase of its sensitivity to radiation.

The kinetic parameters depending on the velocity and time
of vulcanization has been defined for confirmation of the
influence of vinyl chloride and vinyl acetate content (80:20,
75:25, 65:35) and low-molecular cross-linking systems on
stitching of SKN-40,
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It is established that the rate of radiation and
thermal-radiation structuring of SKN-40, the most active
from the studied cross-linking systems is NBR filled with
copolymer at ratio 75:25.

On the basis of IR-spectroscopy data and rheological
analysis, the rate of reaction percolation of the filled rubber
SKN-40 between the studied low-molecular compounds
(DSCB and DAPST), as well as the influence of gamma
irradiation on structure parameters of vulcanized grids is
shown. The observations are made about the nature of curing
action of the studied structuring systems and features of their
influence on rheological and physical-mechanical properties
of vulcanized rubbers. The vulcanized rubbers, obtained by
radiation and thermal-radiation way are characterized by an
average tensile strength, increased coefficient of heat ageing,
accumulation of permanent deformation, mass change, and
also surpass sulfur vulcanized rubber in resistance to
corrosive med ium.
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