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This study investigates the mechanical and thermal properties of clay- and carbon black-rein-
forced hydrogenated nitrile butadiene rubber (HNBR) vulcanizates prepared by thermal and ther-
mo-radiation vulcanization. The effects of different irradiation doses (100, 200, 300, and 400 kGy)
on the crosslink density, gel content, swelling, and mechanical properties were analyzed. The re-
sults show that radiation vulcanization significantly improves the crosslinking efficiency, with 300
kGy being the optimal dose. Carbon black-filled samples exhibit higher mechanical strength, lower
swelling, and better thermal stability compared to clay-containing samples due to improved net-
work formation. Thermogravimetric analysis (TGA) confirms that radiation vulcanization shifts the
onset of thermal degradation to higher temperatures, especially at 300 kGy, while excess irradiati-
on at 400 kGy leads to degradation of the structure at lower temperatures. Fourier transform infra-
red spectroscopy (FTIR) further reveals the molecular changes induced by radiation. The results
highlight the importance of filler type and radiation dose selection to optimize the properties of
HNBR elastomers in high-performance applications.
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INTRODUCTION

Hydrogenated nitrile rubber (HNBR), introduced by Bayer in the early 1980s, is widely
known for its high resistance to heat, oils, ozone, and chemicals, even under extreme operating con-
ditions and can be formulated with varying acrylonitrile contents and degrees of hydrogenation.
Due to its rich polymer structure and highly polar acrylonitrile groups, HNBR vulcanizates can be
reinforced with traditional fillers, similar to other synthetic elastomers [1-5]. Reinforcing fillers are
aimed to enhance mechanical, thermal, and physical properties.

Organic-inorganic hybrid vulcanizates have significant potential for the development of new
materials due to their ability to combine the unique properties of both organic and inorganic compo-
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nents at the nanoscale. These materials often exhibit synergistic improvements in physical and che-
mical properties, making them desirable in a variety of industrial applications [6-8].

Nanocomposites based on elastomers and layered silicates have attracted considerable attenti-
on from both academia and industry, as even a small amount of nanofiller can significantly improve
the physicochemical properties of the material compared to traditional microscale composites [9-
12]. The high-performance characteristics of elastomer-clay composites are due not only to the uni-
form distribution of clay particles in the matrix, but also to the strong interaction between the poly-
mer molecules and the silicate layers. To enhance this interaction, various cationic surfactants with
functional groups are used that modify the clay through ion-exchange reactions.

Modifications of the physicochemical properties of polymers by radiation largely depend on the
interaction of the radiation with the specific polymer [13-18]. The two main effects of radiation on poly-
mers are excitation and ionization, which lead to competing processes such as chain scission and cross-
linking, depending on the chemical structure of the polymer. Various tests have been conducted to
analyze the effects of ionizing radiation on polymers. From a practical and economic point of view, it is
important to optimize the radiation dose to achieve the desired properties of elastomers.

With the advancement of nanotechnology, the incorporation of nanofillers such as clay and carbon
black into hydrogenated nitrile butadiene rubber (HNBR) has emerged as a promising strategy for develo-
ping high-performance elastomeric materials. These materials are particularly relevant for demanding in-
dustries like automotive and aerospace, where excellent heat resistance and long service life are essential.
Despite the potential of clay as a sustainable and cost-effective filler, its impact on the mechanical proper-
ties and aging behavior of HNBR, especially under aggressive environmental conditions, remains insuffi-
ciently explored. This study aims to evaluate whether the inclusion of organoclay can enhance HNBR’s
resistance to mechanical stress, using comprehensive characterization techniques. Unlike previous rese-
arch [19] that mainly focused on different crosslinking agents, this work specifically investigates the influ-
ence of 2,4-dimethylphenylmaleimide (DMFM) and sulfur as crosslinking agents.

The primary objective is to compare the mechanical and thermal properties of HNBR vulcani-
zates reinforced with carbon black and clay, prepared by thermal and thermo-radiation vulcanizati-
on. To assess the effects of filler type and vulcanization method, the samples were subjected to var-
ying radiation doses (100, 200, 300, and 400 kGy). Key parameters such as crosslink density, gel
content, and tensile properties were analyzed to determine optimal processing conditions for the de-
velopment of durable, high-performance elastomers.

EXPERIMENTAL PART

MATERIAL AND METHODS

The composition of the studied elastomer mixtures is presented in Table 1. The main compo-
nent, HNBR 3606, an acrylonitrile (ACN) and 1,3-butadiene copolymer with an ACN content of
36.5%, a Mooney viscosity ML at 100 °C of 66 and an iodine number of 8.8 mg/100 mg was obtai-
ned from Alfa-FTOR LLC. It is an analog of Zetpol 2000 L and Therban 3406.
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Fig. 1. Flowchart diagram illustrating the sample preparation
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An elastomer mixture based on HNBR was produced on laboratory rollers in sheet form with
thickness of 2 mm. The thermal vulcanization process was carried out at 150 °C for 20 minutes.
Radiation vulcanization was carried out on a Co® y-radiation source at a dose rate of 140.126 Gy/s in an
air environment at 20 °C. The absorbed dose in the studied samples was calculated by comparing the
electron densities of the studied and dosimetric systems. Radiation-thermal vulcanizates were obtained
by preheating in an electric press (Technoflux vulcanizing press) at 150 °C for 5 minutes and then
materials are exposed to 100, 200,300 and 400 kGy doses of radiation. Fig.1 shows the sample
preparation process diagram including all steps.

Table 1.
Composition of HNBR based elastomer mixtures
s Content in the mixture, parts by weight

Composition Thermal Thermo-radiation
HNBR 100 100 100 100
Stearic acid 3,0 3,0 3,0 3,0
DMFM 1,0 1,0 1,0 1,0
Zinc oxide 50 50 5,0 5,0
Sulphur 2,0 2,0 1,0 1,0

Carbon black

P 324 = 30,0 - 30,0

Clay 30,0 - 30,0 -

Weight examination of vulcanizates

Impact of the high temperatures and synthetic oil on the weight changes was investigated and
samples were prepared in rectangular form with 25 mm in length, 25 mm in width, and 2 mm in
thickness. Samples were exposed to synthetic motor oil (L0W-40) for 60 days and weight changes
over time were tracked by electronic microbalance. Only thermally vulcanized samples are used in
this part of study [20-22].

After exposure, the samples were taken out of the oil at chosen intervals. Their surfaces were
thoroughly cleaned with analytic alcohol to eliminate any residual oil and then dried at room
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temperature before measuring weight changes. The percentage increase in weight (WI) was
determined using Equation (1):

WI = (Wo-Wy) / Wix100 (1)

where W1 represents the initial weight of the specimen in air, and W5, is the weight of the specimen
after aging in air.

Calculation of cross-linking density by sol-gel analysis in an organic solvent (Flory-
Rehner)

The Flory-Rehner [23] equation was used to determine the crosslinking density of the
compounds. Each sample, approximately 0.25 + 0.05 g, was weighed and immersed in toluene,
where they were kept in the dark for five days or until equilibrium swelling was reached. After
removal, the samples were dried to remove excess solvent and reweighed. They were then placed in
an oven at 80°C for 24 hours and weighed again. Using these weight values, the crosslinking
density was calculated based on the Flory-Rehner equation (Equation 2). The following parameters
were used in the calculations: molar volume of toluene (Vo) — 106.4 cm?/mol and Flory-Huggins
interaction parameter () — 0.39.17

—(IN(1-V )+V +yV?)
r r

r

L= : 2
pV (Vi-VN
0 0 r 2

Where: v: Cross-linked density (mol cm™); Vo : molar volume of the solvent; V,: rubber
volume fraction of the swollen form; y: polymer-solvent interaction parameter (Flory parameter);
pr: rubber density.

Study of pre-vulcanization properties

Pre-vulcanization characteristics of elastomer samples were also investigated by Mooney
viscometer according to ASTM D1646-19a standard [24]. Scorch time and cure rate was obtained
from analysis and results are discussed later in result section.

Determination of gel content

The gel content was determined by the following method [25-28]. A 0.2 g specimen was
accurately cut and weighed. Then, sample added to flask with 50 mL of toluene inside and placed
magnetic stirrer and stirred in the dark for 24 hours until samples weight stabilized. Further, gel-
containing solution was filtered through 400-mesh stainless steel filter bag. Then residue remaining
on filter was weighed with filter bag, and the gel content was found by following equation Eqg. (3):

(M, —M,)e100 ..

Gelcontent /% = % 3)
M,

where My, M3, and M are the weights of filter bag, the sample and dried residue with the filter bag,
respectively. Analysis was carried out twice and the average value was taken.

Tensile strength and compressive residual stress test

In order to investigate tensile and tear properties of the materials, all test are done using Liyi
1000N Universal Tensile Testing Machine (Dongguan Liyi Environmental Technology Co., Ltd.)
with tensile rate of 500 mm min™. Samples were cut according to 1SO 37 type 2 (thickness = 2.0
mm) and dimensions [29] shown in Fig.2. For each material two identical specimens were prepared
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and tests were performed twice. Stress at elongation (300 %), tensile strength and elongation at
break were also recorded.

12.5

~ /

Fig. 2. Specimen geometry and dimensions

Thermogravimetric analysis (TGA)

TGA was performed using a —PerkinElmerl STA 6000 device and samples were heated from
room temperature to 600 °C. During the process, system was filled with argon gas to prevent
combustion of the samples [30, 31]. The heating rate was 10 °C/min.

FTIR spectra of vulcanizates

Fourier Transform Infrared (FTIR) spectra were acquired using VARIAN 640-IR FTIR spect-
rophotometer. Changes in the molecular structures of HNBR after vulcanization and irradiation we-
re assessed by spectroscopy. The spectra were recorded in the range of 650-4000 cm™. The interpre-
tation of the spectra was performed on the basis of correlation tables and recommendations contai-
ned in the manual on the physical and mechanical properties of radiation vulcanized materials, in
accordance with the existing literature [32-35].

RESULTS AND DISCUSSION

Weight change examination after swelling

Analysis of mass change due to swelling in motor oil highlights the influence of filler type
and vulcanization method on oil absorption in HNBR vulcanizates. According to results in table 2.
thermally vulcanized samples (0 kGy) showed higher oil absorption in clay vulcanizates (13.9%)
compared to carbon black vulcanizates (12.5%) due to the porous, hydrophilic nature of the clay.
Carbon black, being a reinforcing material, forms a denser network, which limits oil penetration.

Swelling generally decreased with increasing radiation dose (100-400 kGy) due to improved
cross-linking. The lowest mass change was recorded at 300 kGy, 8.2% for clay vulcanizates and
5.3% for carbon black vulcanizates, indicating optimum oil resistance. However, at 400 kGy, a
slight increase in swelling was observed, indicating possible chain scission and microcracks occur-
red on the surface of the samples at a dose of 400 kGy, which may also affect their properties.

Overall, the carbon black-based vulcanizates showed better oil resistance due to a denser net-
work, while the clay-based samples remained more susceptible to swelling. The best balance betwe-
en cross-linking and swelling resistance was achieved at 300 kGy.
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Table 2.
Swelling Behavior of HNBR Vulcanizates — Weight Change Over Time

Samples Doses (kGy) 1 day dayi day5s weelk weeis
O(thermal) 54 7.5 9.5 111 13.9
100 4.5 6.2 7.8 9.2 115
HNBR/Clay 200 38 55 6.8 8 98
300 3.2 4.8 5.8 6.7 8.2
400 35 5.2 6.2 7 8.5
O(thermal) 4.9 6.8 8.2 10.3 125
100 35 4.8 5.8 6.8 8.5
**Nsizﬁarbon 200 33 42 53 71 108
300 2.4 3 3.8 4.5 5.3

400 2.7 3.4 4.3 5 6

Crosslink density

The crosslink density of the HNBR vulcanizates varied depending on the filler type and
vulcanization method, with carbon black-containing samples showing higher values than clay-filled
samples. In thermally vulcanized samples, the crosslink density of HNBR with carbon black (3.0 x 10~3
mol/cm?®) was higher than that of HNBR with clay (2.6 x 10~* mol/cm?), indicating a more pronounced
reinforcing effect. After irradiation, the crosslinking density initially decreased at 100 kGy but then
increased with increasing dose, reaching maximum values at 300 kGy (4.2 x 10~* mol/cm? for carbon
black and 3.7 x 10 mol/cm? for clay), indicating optimal formation of the crosslinked structure. A
slight decrease was observed at 400 kGy, probably due to the scission of polymer chains during over
irradiation. These results mentioned in fig. 3 confirm that radiation curing improves the crosslinking
efficiency, with 300 kGy being the most optimal dose, and carbon black remains a more effective filler,
providing a denser and more interconnected polymer network compared to clay.

P
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@ arbon black filled

o
= th =
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L
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37}

Crosslink density, 10-

400kGy

Fig. 3. Crosslink density of HNBR vulcanizates filled with clay and carbon black at
various radiation doses
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Gel content

The gel content of the HNBR vulcanizates showed a similar tendency with a crosslink den-
sity, while the samples filled with technical carbon exhibited higher values compared to samples
containing clay. In thermally vulcanized materials, the gel content in HNBR with technical carbon
was 65%, while in clay-filled HNBR this indicator was slightly lower - 63%. With radiation irradia-
tion, the gel content increased with dose, reaching the maximum values at 300 kGy (81% for techni-
cal carbon and 78% for clay), which indicates the optimal formation of the network structure. Ho-
wever, at 400 kGy there was a slight decrease (79% for technical carbon and 75% for clay), which
indicates a possible partial degradation of the network structure due to excessive irradiation. These
results (fig. 4) confirm that radiation vulcanization significantly increases the crosslinking effici-
ency, while the dose of 300 kGy provides the best balance between the formation of the network
and the stability of the structure. Carbon black remains more effective filler that provides stronger
vulcanized structure compared to clay.

100

o0 | @ Clay-filled
@ Carbon black filled

g 3
L L

Gel content, %
S

30

20 A

10 -

0- 1€rma Gy 200KGy y
400kGy

Fig. 4. Gel content (%) of HNBR vulcanizates with clay and carbon black as a
function of radiation dose

Pre-vulcanization properties

It can be seen from obtained results which shown in table 3, exposure to the irradiation
reduces the vulcanization time for both elastomer mixtures. Generation of the free radicals during
the irradiation, which accelerate crosslinking process and enhances overall vulcanization efficiency.
Moreover, it is observed that clay-filled HNBR samples require a longer time to fully compared to
carbon black-filled samples.

This suggest that the interaction between the clay particles and the polymer matrix slows down
the crosslinking reaction. Carbon black, however, demonstrates a noticeable effect, yielding shorter
vulcanization times compared to clay, likely due to its higher surface area and better dispersion
within the rubber matrix. This optimizes crosslinking efficiency by facilitating the generation of
free radicals and improving the interaction between the filler and rubber, which ultimately
accelerates the vulcanization process.
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Table 3.
Influence of the fillers on the vulcanization process during heating and irradiation exposure
by Mooney viscometer at 150°C

Doses T5 T35-Ts
Samples (KGy) (min)  (min)
O(thermal) 5.6 8.2
100 53 8.0
HNBR/Clay 200 51 7.6
300 4.8 7.3
400 4.5 7.0
O(thermal) 54 7.8
100 51 7.5
HNBR/Carbon black 200 4.8 7.1
300 4.5 6.9
400 4.3 6.6

Tensile Testing

The mechanical properties of the samples are also investigated and the results are mentioned
in fig. 5. As it can be seen from the results, tensile strength increases with the increasing radiation
dose, but elongation at break decreases due to crosslinking. It is obvious that radiation-induced
crosslinking in the polymer matrix results in a significant increase in tensile strength (TS) at doses
up to 300 kGy, optimum dose. Radiation can either promote chemical crosslinking between
polymer molecules or cause chain scission and degradation, which destroys the molecular structure.
Although both processes occur simultaneously during irradiation, at higher radiation doses chain
scission becomes more pronounced. Thus, at 400 kGy slight decline is noticed due to over-
irradiation. The findings indicate the superior performance of the carbon black over clay in
enhancing the mechanical properties of HNBR vulcanizates.

@ Clay-filled Clay-filled

| @ carbon blackfilled @B Carbon blackfilled
] ~ 1500,0 -
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£
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Fig. 5. (a) Tensile strengths and (b) elongation at break of HNBR vulcanizates with clay and carbon
black at different radiation doses
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Effect of absorbed dose on thermal stability of HNBR vulcanizates

Thermogravimetric analysis (TGA) shows the thermal degradation characteristics of carbon
black- and clay-filled HNBR elastomers. Both materials undergo a multi-stage degradation process,
with the most significant weight loss observed in the temperature range between 350-500°C. Ac-
cording the results (Figure 6), clay-filled samples show a higher residual weight, which is explained
by the presence of inorganic components that are resistant to combustion. In contrast, carbon black
contributes to improved thermal stability by promoting char formation. Radiation vulcanization
improves the thermal stability of elastomers by shifting the onset of degradation to higher tempera-
tures, with 300 kGy proving to be the most effective dose. However, at 400 kGy no significant imp-
rovement is observed, likely due to the saturation of crosslinking processes and possible degradati-
on caused by excessive irradiation. Carbon black filled HNBR samples have higher thermal stability
than clay filled samples, confirming its more pronounced strengthening effect.

Thus, the conducted study shows that radiation vulcanization, especially at 300 kGy, impro-
ves the thermal stability of HNBR elastomers, with carbon black providing a more significant imp-
rovement compared to clay. These results highlight the importance of filler type and vulcanization
method selection in optimizing the thermal performance of HNBR composites.

HNBR-Clay 100} S HNBR-Carbon black
. ~— Thermal Samples . -
—— 100 kGy
80 F — 200kay 80
—— 300 kGy &
°\°60_—400kGy °\60_
L L
o = o
3l 2ol
—— Thermal
;20_ ;20_—100kGy
—— 200 kGy
—— 300 kGy
of 0F — a00kay
0 100 200 300 400 o 500 0 100 200 300 400 5 500 600
Temperature,’C Temperature,’C

Fig. 6. TGA curve for clay filled (a) and carbon black filled HNBR vulcanizates showing weight
loss (%) with increasing temperature (°C)

Fourier transforms infrared (FT-IR) spectroscopy

Transmittance (%)
[¢]

T T T T T T
4000 3500 3000 2500 2000 1500 1000 650
Wavenumber, cm?

Fig. 7. FTIR spectra of (a) raw hydrogenated nitrile butadiene rubber (HNBR), (b) clay-filled
HNBR vulcanizate and (c) carbon black-filled HNBR vulcanizate irradiated at 300 kGy
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According the results shown in fig. 7, FTIR analysis of raw hydrogenated nitrile butadiene
rubber (HNBR), as well as thermo-radiation vulcanized HNBR filled with clay and carbon black at
300 kGy, reveals significant structural modifications induced by filler incorporation and the combi-
ned effects of thermal and radiation vulcanization. The spectrum of raw HNBR is characterized by
absorption bands at 722 cm™, 1460 cm™', 2236 cm™, 2860 cm™ and 2928 cm™', which correspond
to the CH: rocking, CH: bending, the stretching vibration of nitrile group (C=N) and the stretching
vibration of C—H of aliphatic groups, respectively, confirming its fundamental molecular structure.
In the clay-filled vulcanizate, the appearance of a distinct band at 1013 cm™, associated with the
stretching vibrations of the Si—O bond in bentonite clay, indicates the presence of a silicate filler,
while a slight shift of the CH> deformation vibration band to 1463 cm™ and the appearance of new
bands at 1538 cm™ (characteristic of carboxylate COO~ stretching vibrations, likely resulting from
oxidative processes during vulcanization) and 1596 cm™ hydrogen bonding interactions between
the electron-deficient nitrile groups of HNBR and surface hydroxyl functionalities of the clay. Mo-
reover, the retention of the absorption band of nitrile groups at 2236 cm™, along with small shifts in
the region of C—H stretching vibrations (2850 cm™, 2917 cm™), indicates that, despite the interacti-
on of the polymer with the filler, significant degradation of the polymer backbone does not occur. In
contrast, the spectrum of the vulcanizate filled with carbon black shows characteristic absorption
bands at 872 cm™, 971 ecm™, 1010 cm™, 1142 cm™ and 1241 cm™!, which correspond to C—H wag-
ging, stretching of aromatic C—C bonds and surface oxidation functionalities of carbon black, con-
firming its successful distribution in the polymer matrix. Furthermore, the presence of bands at
1515 em™ and 1595 cm™ indicates specific interactions between the polymer chains and the carbon
species, probably related to n-n stacking or dipole interactions. A slight shift of the nitrile stretching
band to 2232 cm™! and small changes in the C—H stretching region (2848 cm™, 2916 cm™!) suggest
that carbon black affects the local electronic environment of the polymer chains, potentially increa-
sing the crosslinking density and changing the chain mobility. These spectral changes confirm the
efficient integration of both fillers into the HNBR matrix, indicating their influence on the chemical
structure and intermolecular interactions of the vulcanized composites. The observed shifts and new
vibrational bands provide valuable information on the influence of fillers on the crosslinking den-
sity and polymer-filler interactions, which further confirms the improved mechanical, thermal and
anti-aging properties of vulcanizates.

CONCLUSION

This comprehensive study demonstrates that thermo-radiation vulcanization significantly en-
hances the mechanical, thermal, and swelling resistance properties of HNBR composites reinforced
with clay and carbon black, with 300 kGy identified as the optimal radiation dose. Carbon black-fil-
led vulcanizates showed superior performance, including higher tensile strength (26.5 MPa, peaking
at 300 kGy), greater crosslink density (4.2 x 105 mol/cm?), improved thermal stability (shifted deg-
radation onset), and lower oil swelling (5.3% weight gain), attributed to carbon black’s dense net-
work formation and n-w interactions with the HNBR matrix. In contrast, clay-filled composites sho-
wed moderate reinforcement, with higher swelling susceptibility (8.2%) due to their hydrophilic na-
ture, though they retained competitive thermal stability from inorganic silicate content. FTIR analy-
sis confirmed effective filler integration, revealing polymer-filler interactions (e.g., hydrogen bon-
ding with clay and =-stacking with carbon black) without backbone degradation. Notably, excessive
radiation (400 kGy) induced chain scission, diminishing properties. These findings underscore the
critical roles of filler type and radiation dose in optimizing HNBR vulcanizates for high-performan-
ce applications, with carbon black emerging as the preferred filler for demanding mechanical and
thermal environments, while clay offers a viable alternative for cost-sensitive uses. Future work co-
uld explore hybrid filler systems to synergize their advantages.
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Key findings:
e Optimal Dose: 300 kGy radiation maximizes crosslinking and properties.
e Filler Superiority: Carbon black outperforms clay in mechanical strength, thermal stability, and
oil resistance.
e Mechanisms: FTIR reveals interfacial interactions (hydrogen bonding, n-stacking) drive perfor-
mance enhancements.
e Limitation: Excessive radiation (400 kGy) degrades the polymer network.
This study provides a foundational framework for advancing radiation-vulcanized elastomers
in high-performance industries.
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TERMIKi VO TERMO-RADIASIYA USULU iLO VULKANLASMIS, GiL VO TEXNIKI
KARBON iL® DOLDURULMUS HBNK ELASTOMERLORININ MEXANIKI XUSUSIY-
YOTLORININ MUQAYISOLI ANALIZI

9.X. Mommadov, I.I. Mustafayev, R.F. Xankisiyeva, N.M. Roafiyev,
H.V.N. Axundzads, T.V. Ohmodov

Bu todqiqatda, termiki vo termo-radiasiya iisulu ilo vulkanlagsmis, gil vo texniki karbon ilo
doldurulmus hidrogenlogmis butadien nitril kauguku (HBNK) vulkanizatlarinin mexaniki vo ter-
mal xiisusiyyatlorini arasdirilmigdir. Miixtolif stialanma dozasinin (100, 200, 300 vo 400 kGy)
corgali olagolorin sixligina, gel fraksiyanin miqdarina, sismo dorocosino vo mexaniki xiisusiy-
yotlora tosiri tohlil edilmisdir. Noticolor gostorir ki, ionlagdirict slialarin tosiri ilo vulkanlagsma
tikilmo prosesinin effektivliyini ohamiyyatli deracads artirir va 300 kGy optimal doza kimi mii-
oyyon olunur. Texniki karbon ilo doldurulmus niimunslor, soboko qurulusunun daha yaxsi for-
malagmast naticasinda, gil torkibli niimunalorlo miiqayisods daha yiiksok mexaniki mdhkomlik,
daha az sismo vo daha yaxsi termal sabitlik niimayis etdirir. Termoqravimetrik analiz (TQA)
gostorir ki, radiasiya ilo vulkanlagsma, xiisusilo 300 kGy dozada, termal pargalanmanin baslangic
temperaturunu daha yiiksok soviyyayo cokir, lakin 400 kGy kimi artiq dozalar strukturun daha
asag1 temperaturlarda pargalanmasina sobob olur. Fourier transform infraqirmizi spektroskopi-
yasi (FTIR) iso radiasiyanin sobob oldugu molekulyar doyisikliklori askar edir. Naticolor gosto-
rir ki, HBNK elastomerlorinin yiliksok keyfiyyatli totbiglori ii¢lin doldurucu névii vo radiasiya
dozasinin diizgiin se¢ilmosi miithiim ohomiyyot kosb edir.

Acar sozlor: HBNK, radiasiya, gil, texniki karbon, tikilma, reologiya, vulkanlasma
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CPABHUTEJbHBIA AHAJIN3 MEXAHUYECKNX CBOMCTB BYJIKAHU3ATOB
I'BHK, HAIIOJTHEHHBIX TJIMHOW U TEXHUYECKHUM YIJIEPOJIOM,
MOJIYYEHHBIX METOJOM TEPMAYECKOM U TEPMO-PA TUAITMOHHOM
BYJIKAHU3AIIUN

A.X. Mamenos, .. Mycradaen, P.®. Xankummea, H.M. Pajpues,
I'.B.H. Axynnszazge, T.B. Axmanos

B nanHOM Hcce10BaHNN U3YYarOTC MEXaHUUECKUE U TEPMUUYECKUE CBOWCTBA BYJIKAHU3AaTOB Ha
OCHOBE THAPUpPOBaHHOTO OyTraaueH-HUTpwIbHOrOo kKayuyka (I'BHK), HamomHeHHBIX TiMHOW U
TEXHUYECKUM YIJIEPOJOM, MOJIYYEHHBIX METOJOM TEPMUYECKOM U TepMO-pajnalliOHHON
ByJIKaHu3anuu. [IpoaHaIM3upoBaHo BIMsSHHUE pa3IndHbIX 103 00myuenus (100, 200, 300 u 400 kI'p) Ha
IUIOTHOCTh CUIMBKH, T'€JIEBOE CO/IEPKaHNE, CTEIIEHb HAa0yXaHHs U MEXaHUUYECKHE CBOMCTBA. Pe3ynbraTsl
MOKa3aJIM, YTO PaJUallMOHHAs BYJIKAHU3AIMs 3HAYUTENTLHO TOBBIIAET 3(PPEKTUBHOCTD CIIMBAHMUS, TIPU
3TOM onTUMalibHOM 10301 sBisiercs 300 kI'p. OOpasiibl, HallOJIHEHHBIE TEXHUUYECKUM YIJIEPOIOM,
JEMOHCTPHUPYIOT 00Jiee BBICOKYI0 MEXAaHUYECKYI0 MPOYHOCTh, MEHBIIYIO CTENeHb HAOyXaHUs U
JYYIIYI0 TEPMUYECKYIO CTaOMIIBHOCTD TI0 CPABHEHHIO € 00pa3liaMu, COIEpKAILMMU TIIMHY, Oiaronaps
Oornee coBepiieHHOMY (DOPMHUPOBAHHUIO CTPYKTYphl. TepmorpaBumerpuueckuii anamuz (TT'A)
MOATBEPK/IAeT, YTO paJualliOHHAs BYJIKaHM3ALUsl CMEIIAET HAa4yajo TEPMUYECKOIO pPa3IoKEHUs K
6osee BeIcOKMM TemmeparypaM, ocodenHo mpu 300 kI'p, B To Bpems kak u30b1Tok 00aydenus mpu 400
K['p IPUBOAMT K Pa3I0KEHUIO CTPYKTYPHI IPH OoJjiee HU3KUX Temiiepatypax. JomonmaurensHo, MK-
CHEKTPOCKOMNUSI BBISIBISIET MOJICKYJISIPHbIE HM3MEHEHHs, BbI3BaHHbIE oOOmydeHueM. [lomyueHHbIe
pe3ysbTaThl MOAYEPKUBAIOT BaXXHOCTh IOJ0Opa THUIA HANOJHUTENS W J03bl pagualuu Ul
ONTHMHU3ALIMU CBOKCTB 31acToMepoB Ha ocHOBe ' BHK B yciioBusX BEICOKHX Harpy3okK.

KnwueBble caoBa: ['BHK, paduayus, 2auHa, mexHuyeckull yenepod, CCWUBAHUS,

peosiozus, 8y/JAKaHu3ayus
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