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Abstract. The objectives of this study were to examine the process of epoxidation scrap
NR in a two-phase liquid-gas environment, the development of equipment design and energy-
efficient method of performing this process. The presence of the epoxy groups in obtained
ENR was confirmed by infrared spectroscopy. In addition to the qualitative analysis was con-
ducted quantitative measurement of unsaturation rubbers and the concentration of epoxy
groups in the ENR by titration methods. The loop reactor for recycling of scrap NR by epoxida-
tion was designed. The reactor allows to work with viscous solutions of rubber and provides
the necessary heating and mixing with the epoxidizing agent.
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AHHOTaumA. Llenn gaHHOro nccnefoBaHMA 3aKA0YaANCh B U3YHEHUU NPOLLECCA INOKCU-
AvposaHus ckpana HK B aByxdasHoM cpeae *KUAKOCTb-ra3, 060CHOBAaHNUM KOHCTPYKLUMKN 060-
pyAoBaHWUA U 3HeproadpdeKTMBHOro cnocoba nposeaeHUa AaHHOro npouecca. Haanyme anok-
CUAHbIX rpynn 6bl10 noaTBep:KAeHO npu nomowm MK-cnekTpos nonaydeHHbIx IHK. NMomumo
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KauyeCcTBEHHOro aHa/M3a NPOBOAMIICA KOIMYECTBEHHbIE U3MEPEHMA HenpeaebHOCTU Kayyy-
KOB M KOHUEHTPALUM 3NoKcMAHbIX rpynn B IHK TutpomeTpmuyecknmm metogamm. na npose-
AeHunA yTuamnsaumm ckpana HK paspaboTtaHa KOHCTPYKLMA LMPKYAALMOHHOTO peakTopa, KOTo-
pblt N03BOAsAET paboTaTb C BA3KMMM PACcTBOpPaAMM KaydyyKoB, obecrneymBas Harpes U cmelle-
HMEe C ANOKCUANPYIOLLMM areHTOM.

Kntouesvie cnoea: InoKcuduposaHue, CKpan HamypasbHo20 Kay4yyKa, peakmop.

Introduction. Currently, one of the types of the waste natural rubber (NR)
production is a scrap. This scrap does not correspond to standards (ISO
2000:2008), and cannot be used in industrial production [1]. Chemical modifica-
tion of scrap allows to create new kinds of synthetic rubbers having valuable
physical chemical [2] and technological properties [3].

One of the most common ways to modify NR is epoxidation [4]. There are
various ways of epoxidation NR (ENR) at the latex stage in a suspension contain-
ing significant amount of gel particles with peracetic acid [5], with glacial acetic
acid and hydrogen peroxide in situ. This is a well known commercial method for
producing ENR [4]. The epoxidation rate increases with increasing concentration
of rubber.

In the paper [6] was proposed to use ENR as protective plating for metals,
considering that the epoxy groups of the polymers can react with the hydrated
metal surface to form strong chemical bonds [7].

Solutions of ENR obtained from scrap may be used for creating protective
plantings with reduced consumption when they apply to the metal surfaces (Car-
bon Steel St3). In addition, a multi-purpose solution ENR may be used to protect
equipment from corrosion during its conservation.

Based on the above, epoxidation is the promising method for scrap recy-
cling and requires further studies.

Research objectives. The objective of this work was to develop and study
of the epoxidation process of scrap NR for giving to it improved mechanical and
technological properties. Possibility of carrying out the combined physical and
chemical processes in one reaction chamber in the two-phase environment
liguid-gas while reducing the total energy costs was studied.

Another objective of this study was to develop of energy-efficient ways to
recycle scrap NR using low-tonnage equipment for carrying out the modification
process. The main technical objective was to improve the design of the reactor
for the purpose of implementation of the controlled process, while maintaining
the required temperature of the reaction medium.

Materials and results of research. Research of epoxidation process was
carried out using a low-molecular scrap NR (made in Vietnam) with viscosity
average molecular weight of 300 thousand. Natural rubber was crushed and
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dissolved in xylene to a rubber concentration of 13 wt. %. As reagents for
epoxidation mix of 3% aqueous solution of hydrogen peroxide and 65% aqueous
solution of formic acid was used [8]. The number of components in the mixture
was taken for the 5 mole% and 15 mole% epoxidation (with an excess of formic
acid). Theoretical levels of epoxidized units were calculated according to the
relation: ry = [H,0,]/[Polyisoprene units].

The mass composition of mixes is given in tab. 1.

Table 1 - The composition of mixes for modification

Composition The concentration of components in solution [wt. %]
NR Xylene | Hydrogen | Formic acid | Water
peroxide

No.1 11,58 78,17 0,29 0,39 9,57
(5 mol % epoxide
content)
No. 2 8,17 69,96 0,59 1,38 19,90
(15 mol % epoxide
content)

Qualitative analysis of the initial scrap NR and received ENR was carried out
by IR spectroscopy of 40-50 microns films on a quartz glass in a wide range of
wavelengths. The special attention was paid to absorption bands of epoxy, hy-
droxyl and carboxyl groups. For the quantitative analysis back titration was used,
the content of epoxy groups were determined using the method [9], the change
in the total unsaturation were determined using the iodine value method [10].

In order to ensure the necessary conditions for processing and modification
was used a laboratory reactor for mass transfer.

The mixture of agueous solutions of formic acid and hydrogen peroxide in
low concentrations allows to obtain oxidizing agent - performic acid [11]. Low
concentrations of the reagents increase the overall safety of the process, mini-
mizes side reactions and eliminates the need for feeders and gradually adding
substances.

The formation of acid in the aqueous solution of reagents proceeds with a
faster rate than it's consumed in the reaction. Evaporation of water results in
intensive mixing of rubber solution and foam formation. Anticipated that the
epoxidation reaction and other side reactions proceeded at the interface be-
tween the liquid and gas phases in the foam.

The time course of the process, excluding the heating and cooling was three
hours. At the end of the process the solution changed its color to a yellowish
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white that indicates chemical reactions in the rubber solution; pH value for the
first composition was 7, for the second - 6.4 due to an excess of formic acid.

Decrease of rubber unsaturation in first composition was 5.80 mol%. in-
stead of theoretical 5.0 mol%, that indicates a relatively low extent of side reac-
tions, such as of destruction, polymerization, ring-opening etc. For the second
composition decrease of rubber unsaturation was 10.28 mol% instead of theo-
retical 15.0 mol%, that indicates incomplete epoxidation process. Thus, increas-
ing the concentration of the reactants decreases the epoxy yield.

IR spectrum of scrap, which was used in research is shown in (Fig. 1a), the
IR spectra of the products with theoretical epoxy yield equal to 5 mol% and 15
mol% are shown in (Fig. 1b-c), respectively.

During the epoxidation IR spectroscopy was used to follow the changing of
chemical composition of the obtained product. Disappearance of the absorption
bands in the 1680-1620 cm™ corresponds to the stretching vibrations of the dou-
ble bonds C=C [12] in the 1,4-cis polyisoprene backbone of scrap indicates de-
crease in unsaturation [13]. A peak at 1729 cm™ corresponds to the stretching
vibrations of the acidic carbonyl groups of the ketone or aldehyde type in the
first composition [12]. In addition, the presence of peaks at 1542 cm™ and 1400
cm™ corresponds to the symmetric and asymmetric stretching vibrations of the
acidic terminal groups [14]. This indicates the break of the polymer chain and the
occurrence of side reactions with formic acid during epoxidation. Absorption
peaks in the range of 950-840 cm™ corresponds to the stretching vibrations of
the epoxy ring [2]. The presence of the peak at 921 cm™ indicates the presence
of the epoxy groups in the second composition. Small peak at 1650 cm™ corre-
sponds to deformation vibrations of OH groups, that indicates ring-opening of
the epoxy groups with the accession of hydrogen [13] in the second composition.
Partial hydration of the epoxy groups, catalyzed by an excess of the formic acid
in agueous solution, occurs in the presence of water [15].

The scheme of combined reactive separation process epoxidation of natural
rubber scrap in water-xylene medium was proposed [16].
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Figure 1 - IR spectra of:
a) —scrap NR;
b) - sample with the calculated epoxy yield about 5 mol%;
c) - sample with the calculated epoxy yield about 15 mol%.

The authors suggested use of reactors with circulation for carrying out the
epoxidation of scrap. The proposed reactor for epoxidation of scrap NR schemat-
ically shown in Fig. 2. The reactor consists of: an U-shaped vertical vessel with
input section 1 and output section 2; overflow pipe 3; a three-tiered stirrer 4
mounted on a shaft 5 and disposed in the input section 1 between the grid plates
6, 7 mounted above and below the stirrer; a reaction chamber 8; flanged fittings
9,10,12; a shaft hole 11 with end face mechanical seal; a heat exchanger 13
mounted under the flange cover 15 by use of vertical rods 14, also vertical rods
are used to supply heat medium to the heat exchanger; drop eliminators 16, 17
mounted on rods and shaft; flanged fittings 18,19 for removal of the vapor phase
and for emptying the reactor when it is stopped.
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Figure 2 - Reactor

The reactor design provides for the convenience of assembly and disman-
tling due to sectional packet structure [17]. In addition, such a reactor design
provides: hydrodynamic conditions necessary for working with a viscous reaction
mixture, the absence of a stagnant zones; high degree of emulsification, which
significantly intensifies the epoxidation.

Conclusions. It was found that the use of the epoxidation for modification
of scrap NR allows to solve problem of the safe recycling of waste rubber pro-
duction in the most efficient way. As a result of this research, ENR with regulated
epoxy vield and without a significant amount of side reactions was obtained.

The proposed method for the epoxidation NR in the U-shaped reactor al-
lows to carry out the controlled reaction with high conversion rate of scrap NR
to ENR due to the possibility of regulating the temperature in the reaction zone
of the reactor.

Since the epoxidation reaction proceeds in the kinetic range [18], it is nec-
essary to analyze the diffusion processes of the reagents transfer from the liquid
and gas phases to the solvent in order to find the optimal hydrodynamic condi-
tions for the process.

The work was performed as part of research direction of “Equipment of
Chemical Productions” Department: “Creation of an effective resource saving
and energy saving, environmentally friendly technologies for the chemical, pet-
rochemical and related industries”.
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NEPCNEKTUBA UCNOJ1Ib3OBAHUA SHEPTUU NJTIA3SMbI NMPU NPOU3BOACTBE
MWKPOC®EP HA OCHOBE AJTIOMOCUJ/IMKATHbLIX OTXO40B
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AHHOTauuMA. PaboTe NokasaHa BO3MOXKHOCTb MCNONb30BAHMA 30/10LLNAKOBbIX OTXO408B
npu NPou3BoOACTBE MUKpOCchep NAasmeHHbIM MeToZoM. OnrcaHbl GU3UKO-XMMUYECKME MPO-
LLecCbl NAaBAEHMA 30/10W/1AKOBbIX OTXO40B C Y4ETOM PeasibHOro XMMMYECKOro COCTaBa M no-
CPeACTBOM Nnepepacyeta Ha TPEXKOMMOHEHTHYO CUCTEMY.

Kntouessble cnosa: mukpocgepbl, 3n1eKmponna3meHHsili cmeHo, u3uKo-xumudeckue
rpoyeccol, ymuausayus omxooos.

VISTA ENERGY PLASMA PRODUCTION BASED MICROSPHERES
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Abstract. The work shows the possibility of using slag waste in the production of micro-
spheres plasma method. We describe the physical and chemical processes of melting slag
waste, taking into account the real chemical composition and by recalculation on the three-
component system.
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