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Abstract. Introduction. This study investigates the technological properties of rubber compounds
intended for the manufacture of water lock seals. The formulation is based on a rubber compound in
which PN-6SH oil was replaced with an organic component extracted from oil sludge provided by Petro
Kazakhstan Oil Products LLP. Additionally, the traditional filler (white carbon black) was replaced with
zeolite from the Chankanai deposit, which resulted in satisfactory technological properties. The aim of the
work was to study the properties of rubber compounds modified by the introduction of the organic part of
oil sludge and zeolite, as well as to determine the optimal dosages of these components to improve the
compound’s characteristics. Methodology. The rubber compound was modified by adding the organic part
of the oil sludge in an amount of 1.0-6.0 parts by weight. Zeolite was added in amounts of 3.0-20.0 parts
by weight per 100 parts by weight of rubber. Five samples of rubber compounds were prepared. The
technological properties of the mixtures were determined. Results and Discussion. It was established that
increasing the content of the plasticizer (up to 6.0 parts by weight) and filler (up to 20.0 parts by weight)
leads to an increase in the Mooney viscosity of the mixture. Optimal technological indicators were
observed at a dosage of 6.0 parts by weight of the organic part of the oil sludge and 20.0 parts by weight
of zeolite. The tests demonstrated that replacing traditional components with the proposed modifications
ensures that the properties of the rubber compounds meet the control standards for water lock seals.
Conclusion. The use of the organic part of oil sludge and zeolite in the formulation of rubber compounds
allows the replacement of traditional plasticizers and fillers without compromising the properties of the
mixtures intended for hydraulic seals, as confirmed by compliance with control standards.
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1. Introduction

To explore the relationships between the components of rubber compounds
and their technical characteristics, the authors [1] utilized a combination of the
Plackett—Burman and Box—Behnken methods. Optimization of rubber compound
formulations is performed using an integrated genetic algorithm based on support
vector regression to minimize the mixture cost. Twelve components potentially
affecting the technical properties of the rubber compound—namely, natural
rubber, carbon black, white filler, stearic acid, zinc oxide, antiozonant,
antioxidant, processing oil, curing retarder, curing agent, and accelerator - were
selected using the Plackett—-Burman system to determine significant variables.

One of the key technological parameters characterizing the properties of
rubbers and rubber compounds is Mooney viscosity. Viscosity refers to the
resistance of a material (e.g., rubber) to deformation or flow under external load.
Mathematically, viscosity (n) is defined as the ratio of shear stress to shear rate.
This parameter significantly depends on temperature: as temperature increases,
material viscosity decreases [2].

The viscosity of the processed material plays a crucial role in the dynamics
of the technological process, as it determines the forces required to achieve a
given flow rate at various stages of processing. Exceeding permissible viscosity
values can make rubber compound processing not only economically unfeasible
but also technically impossible [3].

The technological assessment of Mooney viscosity provides insights into
various aspects of the rubber mixing process. For example, high initial rubber
viscosity increases energy consumption for preparing a quality rubber compound.
At the same time, higher viscosity leads to greater shear stresses during rotor
mixing, which improves the dispersion of powdered components and,
consequently, enhances the quality of the final product. However, high initial
rubber viscosity, all else being equal, results in greater heating of the rubber
compound, necessitating additional measures to prevent premature vulcanization

[4].

The Mooney viscosity parameter is invariably included in the technical
specifications (TS) of all rubbers and serves as an important criterion for
evaluating their properties. For instance, for isoprene rubber SKI-3 produced by
Public Joint Stock Company Nizhnekamskneftekhim (PJSC NKNK), Mooney
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viscosity values vary depending on the group: for the first group, the range is 75—
85 units, and for the second, 65-74 units [5].

This parameter significantly influences the technological parameters of semi-
finished rubber product manufacturing processes, such as the temperature and
speed of extrusion or calendering operations.

In this regard, an important scientific and practical task arises: to establish
the relationship between the weight-average molecular weight (My) of SKI-3
rubber and the Mooney viscosity (nm) of rubber compounds made from it. In
previous studies by the authors [6-9], quantitative relationships were determined
between the intrinsic viscosity and molecular weight of polymers, as well as
between the initial viscosity (no) and weight-average molecular weight (My).

Considering environmental aspects associated with the use of white filler and
PN-6SH oil, as well as their scarcity, the development of new rubber compound
formulations becomes relevant. Of particular interest are mixtures containing the
organic fraction of oil sludge (OFS) and zeolite from the Chankanay deposit,
which can be used for sealants in hydraulic locks.

The purpose of this study is to investigate changes in the technological
properties of rubber compounds incorporating OFS and Chankanay deposit
zeolite and to develop new environmentally friendly formulations with improved
characteristics.

2. Experimental part

The objects of the study are:

e Zeolite from the Chankanay deposit as a filler;

e Qil sludge from LOO "PKOP" as a plasticizer;

e Rubber compounds based on SKI-3 for manufacturing hydraulic seals.

In previous studies, the organic fraction of the oil sludge (OFS) was
extracted.

The process of plasticizing isoprene rubber SKI-3 was carried out in a
laboratory-scale closed rubber mixer. During the experiments, the rotors of the
device rotated at a frequency of 30 revolutions per minute. The temperature and
duration of the plasticizing process were varied within the ranges of 30 to 600
seconds and 30 to 130°C, respectively. After the plasticizing process, the resulting
SKI-3 samples were used to prepare rubber compounds formulated for the
production of hydraulic seals [10].

The rubber compound was prepared on rolling mills (in accordance with
GOST 14333-79E Rubber Processing Mills).

The plastoelastic properties of the rubber were determined using a
plastometer [11].

Mooney viscosity was measured using the rotational viscometry method,
following the requirements of GOST R 545522011 [12].
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3. Results and Discussion

The modern industry has a limited selection of plasticizers and fillers,
necessitating the development and implementation of new components. Solving
this problem is crucial for improving production efficiency.

The use of petroleum industry waste and natural minerals as ingredients in
rubber compounds creates opportunities to expand the range of plasticizers and
fillers. Furthermore, it allows the replacement of costly and scarce materials used
in technical rubbers, significantly reducing production costs.

In line with the research objective, our study focused on examining the
changes in the technological properties of rubber compounds when incorporating
the organic fraction of oil sludge (OFS) and zeolite from the Chankanay deposit.
A rubber compound formulation was developed based on a standard recipe for
manufacturing hydraulic seals. In this formulation, PN-6SH oil was replaced with
the organic fraction of oil sludge extracted from the petroleum waste of LOO
"PKOP," and white carbon black was substituted with zeolite from the Chankanay
deposit, while maintaining a satisfactory set of technological characteristics.

The developed mixtures included OFS in amounts ranging from 1.0 to 6.0
parts by weight and zeolite in amounts ranging from 3.0 to 20.0 parts by weight
per 100 parts by weight of rubber. As a result, five rubber compound samples
were prepared with varying component dosages. A comparative formulation of
the reference and experimental rubber compounds for manufacturing hydraulic
seals is presented in Table 1.

Table 1 — Rubber compound formulation for manufacturing hydraulic seals

. . Parts by weight per 100 parts of rubber
Name of ingredients

IporoTun 1 2 3 4 5
SKI-3 (1st Grade) 100 100 100 100 100 100
Technical Sulfur 4 4 4 4 4 4
Sulfenamide M 0,8 0,8 0,8 0,8 0,8 0,8
Santoguard PVJ 0,2 0,2 0,2 0,2 0,2 0,2
Zinc White (Zinc Oxide) 5 5 5 5 5 5
Stearic Acid 2 2 2 2 2 2
Pine Rosin 2 2 2 2 2 2
ACMG Plasticizer 3 3 3 3 3 3
PN-6SH Qil 6 4 3 1 0 5
OFS 0 2 3 5 6 1
Protective Microcrystalline Wax 3B-1 1 1 1 1 1 1
Acetonanil R 2 2 2 2 2 2
Diafen FP 2 2 2 2 2 2
Technical Carbon P-220 60 60 60 60 60 60
White Silica 20 15 10 5 0 17
Zeolite 0 5 10 15 20 3
Total 208 208 208 208 208 208
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A key technological parameter that characterizes the properties of rubbers
and rubber compounds is Mooney viscosity. This parameter largely depends on
the nature of the rubber used, as well as on the composition and quantity of the
injected ingredients [13]. Mathematical models were used to analyze the Mooney
viscosity data obtained experimentally at different temperatures of SKI-3
plasticization. At temperatures of plasticization up to 100 °C, the viscosity was
described by equation (1), and for temperatures above 100 °C, equation (2) was
applied. These models allowed us to determine the K constants with minimal
confidence intervals, ensuring high accuracy in describing experimental data:

M= Mo Mg 19", 1
Nv= nMO.Mwoo,SKn-(lgt)'(lgt) , (2)
where nmo is the viscosity of the rubber compound based on SKI-3 before
plasticization, and K, is the plasticization rate constant for the "Mooney viscosity"
parameter.

Table 2 presents the obtained values of K., and Ee for the plasticization
process of SKI-3 at different temperatures.

Table 2 — Values of K, and Ee for the plasticization process of SKI-3 at different temperatures

Indicator K,.10% ¢! Eerr, kJ/mol K,.10% ¢! Eerr, kJ/mol
At a temperature of,
oC:
30 7,99+ 0,33 - -
45 -6,14+ 0,26 15,3 -
55 -5,1+£ 0,23 16,4 -
65 -4,57+ 0,18 14,28 -
80 -3,78+ 0,17 10,3 -
100 -7,99 +0,33 0,4 -3,36+ 0,25
115 -4,45+ 0,57 - -3,78+ 0,23 -14,7
125 -4,95+ 0,73 - -4,18+ 0,27 -18,5
130 -5,57+ 0,91 - -4,69+ 0,33 -18,8

Note: The values of K, and Eesr presented in the first and second columns of the table are calculated using
Equation (1), while the values in the third and fourth columns are derived using Equation (2).

The confidence intervals for the determined values of the constants K,, do not
exceed £6—8%. Within the temperature range of 30 to 130°C, the activation
energy values for the Mooney viscosity plasticization process of the rubber
compound were calculated. Analysis of these data showed that within the
temperature range of 30 to 100°C, the effective activation energy (Eer) has a
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positive value, reaching its maximum at 55°C. However, as the temperature
increases to 100°C, Eefr significantly decreases to 0.4 kJ/mol.

This phenomenon is attributed to the shifting balance between the
mechanical and oxidative degradation processes of rubber macromolecules during
plasticization at temperatures from 80 to 100°C [14-17]. At temperatures above
80°C, oxidative degradation processes begin to dominate, with mechanisms and
kinetics distinct from those of mechanical degradation. This likely explains the
form of equation (2), which describes the plasticization behavior of SKI-3 at
higher temperatures.

Figure 1 presents the experimental data alongside the calculated results
obtained using equations (1) and (2), illustrating the dependence of the viscosity
(mm) of the mixtures on the plasticization time of SKI-3 at various temperatures.
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Figure 1 — Dependence of Mooney Viscosity (nm\eta_mnm) of rubber compounds on SKI-3
plasticization time: calculated data (1, 2, 3) and experimental data (4, 5, 6) at various temperatures (°C):

30— (1,4), 80— (3, 6), 130 — (2, 5).

There is excellent agreement between the experimental results and the
calculated data. This allows the use of equations (1) and (2) to calculate the
Mooney viscosity of the finished rubber compound with high accuracy for any
temperature and pre-plasticization time of SKI-3 within the investigated ranges.

In the course of further research, the technological properties of raw rubber
compounds were analyzed. It was established that the organic fraction of oil
sludge and zeolite positively influence the characteristics of these compounds.

Figure 2 illustrates the dependence of the Mooney viscosity of the rubber
compound on the content of the plasticizer and filler for the developed
formulations.
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Figure 2 — Dependence of Mooney Viscosity on the Amount of Plasticizer and Filler Additives
in Rubber Compounds for hydraulic seals.

An analysis of the viscous properties of rubber compounds shows that the
effect of softeners and fillers on these characteristics is similar, which indicates
the same mechanism of their action. According to the data shown in Figure 2,
with an increase in the dosage of the softener (up to 6.0 wt.%) and filler (up to
20.0 wt.%) there is an increase in the Mooney viscosity. Optimal technological
parameters for rubber compounds were achieved at a dosage of 6.0 wt.% of the
organic part of the oil sludge and 20.0 wt.% of zeolite per 100 wt.% rubber, which
meets the requirements for seals of hydraulic seals.

The test results of the technological properties of rubber compounds show
that when replacing traditional softeners with the organic part of oil sludge and
conventional fillers with zeolite, the properties of mixtures for sealing seals fully
comply with regulatory requirements. In the future, the physico-mechanical
properties of these rubbers will be investigated (Part 2).

4. Conclusions

Based on the study, the following was established:

1. Replacement of components: The use of PH and zeolite instead of
traditional materials ensures environmental safety and reduces production costs.

2. Effect on viscosity: With an increase in the content of the softener to 6.0
wt.% and filler up to 20.0 wt.% increase in Mooney viscosity is observed, which
improves the technological properties of the mixtures.

3. Optimal parameters: At a dosage of 6.0 wt.% PH and 20.0 wt.% zeolite
achieves optimal performance for use in water locks.

The developed formulations of rubber compounds demonstrate competitive
technological performance that meets regulatory requirements. These results
highlight the promise of introducing new components into industrial production.
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Pe3tome: Kipicne. by )xyMbIcTa THIpO3aTBOPIAPABIH THIFBI3IAFBIIITAPEIH albIHIAYFA apHAJIFaH PE3UHA
KOCTaIapbIHbIH TEXHOJOTHUIBIK KacueTTepi 3eprreni. Peuentrin Herisi perinae «Petro Kazakhstan Oil
Products» JXKIIC myHaiinuiambinan GeliHreH opraHukanblk GeiririMen ITH-6I11 maiibl alMacTBIPBLIFAH
pe3uHa Kocnackl naiiianansuiabl. COHBIMEH KaTtap, TOJIBIKTBIPFBIII PETIHAE ASCTYPIIi KOJJaHBUIATBIH aK
kyiie lllankaHaii KeH OpPHBIHBIH LEOJMTIMEH aJMaCTBIPBUIBIN, KAaHAFATTAHAPIBIK TEXHOJIOTHSUIIBIK
KepceTKilTepre Koul >KeTKizinmi. JKymvicmoiy makcamoi — MyHalIUIAMHBIH OPraHMKANIBIK Oejiri MeH
LEOJIUTTI KOCY apKbUIbl MOJU(UKAIMSIAHFAH PE3UHA KOCIATapbIHBIH KACHETTEPIH 3epTTey, COHIal-aK
OChI KOMITIOHEHTTEP/iH KOCIaJapbIHBIH CHIIATTaMaJIapblH JKaKCcapTy YILIIH OHTAaMIbl MOIILIEPIH aHBIKTAY.
Odicmep. Pe3uHa KocnacblHa MYHaHIUIAMBIHBIH OpraHukaiblk Oeumiri 1,0-6,0 MaccanbiK ynecreri
mouuepi enrizinai. Leonmut kayuykrig 100 maccansik ynecine 3,0-20,0 maccanblk yieci MeJIepiHie
KochU1bl. Pesnna kKocnanapblHbIH Oec yirici maiibiapanasl. KocnanapablH TEXHOJOTHSIIBIK KacHeTTepi
aHpIKTANABL.  Homuoicenep men mankvinay. KymcaptkeiutelH (6,0 Macc. y. JeiliH) koHe
TONBIKTHIPFBIUTBHIH (20,0 Macc. y. JnediH) Memmepi apTrkaH caiiblH MyHM OoliblHIIA Kocma
TYTKBIPJIBIFBIHBIH ~ ©CYl aHBIKTAAbI. TEXHOJOTHSIBIK OHTAilIBl KOpCETKIilTep MYHaHIUIaMBIHBIH
opranukaiblk Oemirin 6,0 macc. y. sxoHe neonutti 20,0 Macc. y. MeJIIepinie KoNgaHFaHaa OaiKanmbl.
ChIHAaK HOTIDKeNepl KOPCETKEHIEH, [IocTypii KOMIIOHEHTTep[i YCHIHBUIFAH MOoAu(HUKALUsIapFa
ayBICTBIPY PE3MHA KOCMAJapBIHBIH KAaCHETTEepiHiH Oakpliay HOpMallapblHa COMKec KelyiH KaMTaMachl3
ereni. Kopvimvinoviiap. MyHalIIIaMBIHBIH OpPTaHUKAJIBIK O6JIITiH jKOHE HEONUTTI Pe3NHA KOCTIAJIApBIHBIH
pelenTiHe KOCy JKYMCApTKBIIITAP MEH TOJNBIKTHIPFBIITAPABI JOCTYPJi TYpAE alMacThIpyFa MYMKIHJIK
Oepezi, COHBIMEH KaTap THUIPO3aTBOPJIAP/IbIH THIFbI3AAFbIIITAPbIHA apHAJIFAaH KOCTIANIAp/IbIH KaCHETTepiHe
3usH KenTipMeini. by 6akpliay HopMaiapblHa COMKeCTIriMeH pacTanabl.

Tyiiin ce3mep: W30MpEHII KaydyK, THAPO3aTBOPJIAPIbIH PE3MHA THIFBI3AAFBIITAphl, MyHH OOMBIHIIA
TYTKBIPJIBIK, HUTIMJLUTIT, pe3UHa.
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TEXHOJOTMYECKHUE CBOMCTBA PE3UHOBBIX CMECEM /151 YINIOTHEHU
I'MJAPO3ATBOPOB (Yacrs 1)

B.II Xacanxooucaesa', I.®@. Cazumosa®’, C.C. Cuouxoe®, A.Il. Keiovipanuesa', A.Y. Capcenbaesa®
Tycynkanues E. A5, Kaiinapbaeea K.H.3, Bauméemos M.H.*

YOacno-Kazaxcmanckuil ynueepcumem um. M. Ayesoea, Illvimxenm, Pecnybnuxa Kazaxcman
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3«A.E. Bexmypos amuindagst Xumus euinimoapul uncmumymoty AK, Anmamul, Kazaxcman
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Pe3tome. Bsedenue. B nmanHol paboTe ¥MccienoBaHBl TEXHOJIOTMUCCKHE CBOICTBA PE3MHOBBIX CMECEH,
MpeHa3HAYCHHBIX JUISl W3TOTOBJICHUS YIUIOTHEHWH THIPO3aTBOPOB. B KadecTBe OCHOBBI peLENnTYphI
HCTIONB30BaHAa pE3MHOBasi cMech, B KkoTopoe Macino ITH-6II 3ameHeHO OpraHM4YecKoW 4acThlo,
BeiienieHHo n3 Hegrenuiama TOO «Ilerpo Kasaxcran Oitn Ilpomakre». Kpome toro, Genyro caxy,
TPAaAUIMOHHO MWCIOJNB3YEMYyI0 B KadyeCTBE HAIlOJHHUTENS, 3aMEHWIM Ha [eonuT YaHKkaHAaHCKOTro
MECTOPOX/ICHHS, YTO MO3BOJIMIIO JOCTHYb Y/IOBICTBOPUTEIBHBIX TEXHOJIOTHUECKUX NOKa3aTenei. [{envio
pabombl ObIIO M3YyUSHUE CBOMCTB PE3HMHOBBIX CMeced, MOAM(MHIMPOBAHHBIX BBEACHUEM OPraHUYECKON
4yacTu HedTelnuiaMa 1 LEOoJIUTa, a TAKXKE ONpeeIeHHE ONTHMAIbHBIX J03UPOBOK JAHHBIX KOMIIOHCHTOB
JUISL YJTy4IICHHUs XapaKTePUCTUK cMeceil. Memodonozus. B pe3snHOBYI0 CMeCh BBOJMINM OPTaHUYECKYIO
yacTh He(Teuuiama B konudecte 1,0—-6,0 macc.u. Lleonut nobasnsuu B konuuectse 3,0-20,0 macc.4. Ha
100 macc.u. kayuyka. bBpuio mnpuroToBieHO mSATH 00pa3sLOB PE3MHOBBIX cMeceil. Onpenensumch
TEXHOJIOTUYECKHE CBOICTBa cMeceil. Pesyavmamul u 06cyxcOeHue. Y CTAaHOBICHO, YTO YBEJIMYCHHE
coaepxanus miactudukaropa (no 6,0 macc.u.) u Hanomuutens (no 20,0 macc.4.) IPUBOIMUT K POCTY
BSA3KOCTH cMecu 1o MyHu. OnTUMasbHble TEXHOJIOTHYECKHE TO0Ka3aTeNnu HaONI0AAINCh TIPU 103UPOBKE
6,0 macc.u. oprannyeckoi uyactu Hedrenviama u 20,0 macc.y. uneonura. VcmbiTaHus mokasanu, 4To
3aMEHa TPAJUIMOHHBIX KOMIIOHEHTOB Ha TMPEJIOKCHHbIE MOAM(HKAIMU 00ECeurBacT COOTBETCTBHE
CBOWCTB PE3WHOBBIX CMECel TPeOOBAHUSAM HOPM KOHTPOJIsL. Bbigoosl. [IpuMeHeHe OpraHnyecKoil 4acTu
HedTenIaMa ¥ ILEOJHWTa B PEHENType pPE3WHOBBIX CMECEH I03BOJSIET 3aMEHUTH TpPaJAULMOHHBIC
MATYUTENIM M HAIOJHHUTENINW Oe3 ymepba aist CBOWCTB CMeced, NpeJHa3HauYeHHBIX JUI YIUIOTHEHHI
THIPO3aTBOPOB, YTO MOATBEPKIACTCSI COOTBETCTBUEM KOHTPOJILHBIM HOPMaM.

KioueBble ciioBa: H30HpeHOBB]ﬁ Kay4yK, p€3MHOBBIC yl'[J'lOTHeHPII‘/'I TUApPO3aTBOPOB, BA3KOCTH IO MyHI/I,
IUIACTUYHOCTD, PE3HHA.
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Cacumosa I'yzanus @apumosna KaHOUOam mexHu4ecKux Hayk, npogeccop
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