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ABSTRACT

Adhesive compositions based on allyl propionate-styrene-maleic anhydride ternary copolymer
and ED-20 epoxy resin were prepared and some physical and physico-chemical properties of
these adhesive compositions were determined.

Adhesive compositions were prepared in different ratios of allyl propionate-styrene-maleic
anhydride ternary copolymer and ED-20 epoxy resin (10,15, 20, 25, 30 m.f. copolymer for 100
m.f. ED-20 epoxy resin).

The property of bonding duralumin plates of the glue obtained by curing under different conditions
was studied. It was determined that the sliding fracture resistance of the adhesive compositions
prepared in different mass ratios of the copolymer and ED-20 epoxy resin for duralumin plates was
higher in the ED-20:CP=100:25 ratio. When the adhesive composition obtained in this mass ratio
is cured at 140, 160, and 180 °C for 2 hours, the sliding fracture resistance for duraluminum plates
was 13.8, 13.9, and 14.4 MPa.

The tensile fracture resistance and dielectric properties of the adhesive composition prepared in the
ratio of ED-20:CP=100:25 were determined. The tensile fracture resistance of the adhesive
composition prepared in this ratio was 2.13 MPa, the dielectric permeability was 1.8 (at afrequency
of 10° Hs) and the angular tangent of the dielectric loss was 45-10-3 (at a frequency of 10° Hs). The
degree of swelling of the adhesive compositions prepared by curing in different massratios in
different solvents was determined. The degrees of swelling of the adhesive composition prepared
by curing in a mass ratio of 100:25 in toluene, chlorobenzene, 1,4-dioxane, and butylacetate are
0.63, 0.67, 0.75, and 4.19% respectively.

Keywords: allyl propionate, styrene, maleic anhydride, ternary copolymer, epoxy resin, adhesive
composition, swelling degree, dielectric permeability.

Introduction

Since the areas of application of adhesive compositions are wide, the preparation of adhesive
compositions with new ingredients for bonding various surfaces is always at the center of attention
as an actual problem. While glues made based on natural rubber, albumin, and casein have low
weather resistance, these indicators of synthetic adhesive compositions are very high.

During the preparation of adhesive compositions, it is necessary to fulfill the following
requirements: no release of volatile substances during curing, no toxicity, wear resistance,
flexibility, resistance to water and atmospheric effects, and sufficient lifetime. Adhesive
compositions are thermoreactive and thermoplastic depending on the nature of the polymer.

PAHTEI [
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 9



https://doi.org/10.32010/mpmc2024.001
mailto:fariz.emirov@asoiu.edu.az
mailto:fariz.emirov@asoiu.edu.az
mailto:rasmiyyamammadova76@gmail.com
mailto:rasmiyyamammadova76@gmail.com
mailto:aman.eyvazov@mail.ru
mailto:aman.eyvazov@mail.ru

Curing agents are not used in thermoplastic adhesive compositions. The adhesive composition
applied to the surface to be bonded in a viscous liquid state hardens when cooled and bonds the
surfaces. Thermoplastic synthetic adhesives have flexibility and, in most cases, relatively low heat
resistance.

Thermo-reactive synthetic adhesives can be single or multi-component. Thermo-reactive
adhesives are used in the preparation of metal and non-metal constructions due to their high
adhesion and heat resistance [ 1]. Mostly, epoxy adhesives consist of epoxy resins and curing agents.
It can be in one-component or two-component packaging, depending on the applied curingmethod
and the curing agent. The epoxy adhesive which hardens at room temperature, the curing agent and
epoxy resin are packaged separately. It hardens quickly when mixed during use. In one-component
epoxy adhesives, the curing agent and the epoxy resin are packaged together and hardened at high
temperatures during use[2]. Therefore, these glues should be kept at a low temperature. Curing can
occur by adding curing agents due to the interaction of reactive units of oligomers or the effect of
heat, ultraviolet rays, high-energy radiation, and catalysts [3].

Synthesis of allyl propionate-styrene-maleic anhydride ternary copolymer

The allyl phenyl ether-styrene-maleic anhydride ternary copolymer used for the preparation
of adhesive composition was obtained by radical copolymerization of allyl propionate (APr),
styrene (St), and maleic anhydride (MA) in butyl acetate solution with the presence of
azobisisobutyronitrile (AIBN) [4]. The calculated amount ([MA]:[APr]:[St]=2:1:1) of maleic
anhydride, allyl phenyl ether, styrene, and initiator is transferred to ampoule by dissolving in butyl
acetate in a beaker and placed in a thermostat with the temperature of 80 °C. After a certain time,
the ampoule is removed from the thermostat. The mixture is poured into a beaker and thecopolymer
is precipitated with technical alcohol. Then it is washed 2-3 times with the precipitant, filtered in a
Buchner funnel, and dried in a vacuum-drying cabinet at 40°C.

Preparation of adhesive composition

For the preparation of adhesive composition, the ternary copolymer is first crushed well in a
porcelain bowl and turned into powder. Ternary copolymer weighed to the nearest 0.1 g and a
calculated amount of ED-20 epoxy resin was added to the porcelain bowl and mixed. The mixture
which is in the form of a paste under normal conditions is kept for 30 minutes in a thermostat with
a temperature of 70-80°C with occasional stirring. At this time, the copolymer dissolves in the epoxy
resin and a clear viscous liquid is obtained. If the temperature in the thermostat is high or the time
the mixture stays in the thermostat is long, then the formation of gel is observed and it is not possible
to prepare a disk from the mixture for studying adhesive or dielectric properties. According to the
methodology mentioned above, 100 k.h. ED-20 brand epoxy resin and 10, 15, 20, 25, 30 k.h. The
APr-MA-St adhesive composition was prepared based on a ternary copolymer was prepared and the
effect of various factors on the properties of this composition was studied.

Determination of some physical and physicochemical properties of adhesive
composition

Freshly prepared adhesive composition is used to determine the appearance of high-resistance
liquid adhesives. The prepared adhesive composition is mixed in a glass or porcelain bowl with a
capacity of 50-100 cm®. With a clean, dry glass rod, the adhesive is lifted 10-20 cm above the glass
and the flowing adhesive strip is observed to be homogeneous without any extraneous mixture.
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Duralumin plates were used to determine the sliding fracture resistance limit of the adhesive.
The value of sliding fracture resistance in the crushing machine of duralumin plates glued and cured
at temperatures of 140, 160, and 180°C for 2 hours was determined. During the curing of theadhesive
composition prepared in the ratio of ED-20:CP=100:25 at temperatures of 140, 160, and 180°C for
2 hours, the sliding fracture resistances for duralumin plates were 13.8, 13.9, and 14.4 MPa,
respectively.

The tensile fracture resistance of the adhesive composition is based on 100 k.h. ED-20 epoxy
resin and 25 m.f. allyl propionate-styrene-maleic anhydride ternary copolymer was determined. The
prepared adhesive composition was poured into a special mold and cured at a temperature of 180°C.
As a result of curing, a smooth, non-porous, 150 mm long, 20 mm wide, and 2 mm thick sample
was prepared. The ends of the prepared sample were cured in a crushing machine and stretched
under the influence of load. Then, by dividing the value of the load obtained accordingto the scale
by the value of the working area, the value of tensile fracture resistance was obtained as 2.13 MPa.

The angular tangent of dielectric loss and dielectric conductivity for a disk-shaped sample made
on the basis of ED-20 epoxide resin and allyl propionate-styrene-maleic anhydride ternary
copolymer was determined for a current with a frequency of 106 Hz.

The results of the measurements, dielectric permeability, and dielectric loss value for the cured
adhesive composition are given below:

Table 1. Dielectric properties

dmm C 1 CZ AC Q 1 Q2 AQ TgS €
1,5 100 80 20 190 70 120 45-10° 1,8

The degree of swelling (%) of the compositions cured and prepared in different mass ratios in
different solvents was determined and the results are given in the table below:

Table 2. The degree of swelling of the cured composition in different solvents

Solvents The swelling rate for compositions prepared in different
mass ratios, a%.
100:30 100:25 100:20 100:15 | 100:10
Toluene 0.22 0.63 4.45 37.45 -4.46
Chlorbenzol 0.10 0.67 21.32 27.77 -13.6
1,4-dioxane 0.24 0.75 3.85 26.84 -4.99
Butyl acetate 3.21 4.09 5.38 35.82 -6.4
Hexsane 0.66 1.5 2.0 3.33 4.6
Carbon 4-chloride 2.51 3.9 5.26 15.39 -3.5
Acetone -2.6 -3.27 -14.01 -14.93 -19.3
Result

At first, the yield of the ternary copolymer synthesized in optimal conditions was 75.4% and
the characteristic viscosity was -0.65-0.68 dl/g. Adhesive compositions were prepared in different
proportions of allyl propionate-styrene-maleic anhydride ternary copolymer and ED-20 epoxy resin.
The curing of ED-20 epoxy resin and copolymer was studied and the influence of the
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temperature and the amount of copolymer on the curing process was determined. The property of
bonding duralumin plates of the glue obtained by curing under different conditions was studied. It
was determined that the sliding fracture resistance of the adhesive compositions prepared in
different mass ratios of the copolymer and ED-20 epoxy resin for duralumin plates was higher in
the ED-20:CP=100:25 ratio. The tensile fracture resistance and dielectric properties of the adhesive
composition prepared in the ratio of ED-20:CP =100:25 were determined. The obtained results show
that these materials have good electrical insulation properties. The degree of swellingof the adhesive
compositions prepared by curing in different mass ratios in different solvents was determined. From
the obtained results, it is known that as the mass amount of copolymer in the adhesive composition
decreases, the degree of swelling in solvents increases.
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XULASO

Allil propionat-stirol-malein anhidrid {i¢lii sopolimer vo ED-20 epoksid qatrani asasinda yapisqan
kompozisiyalar hazirlanmis vo bu yapisqan kompozisiyalarin bazi fiziki vo fiziki-kimyavi xassalori
miioyyon edilmisdir. Yapisqan kompozisiyalar miixtolif nisbatlords allil propionat-stirol-malein
anhidrid ticlii sopolimer vo ED-20 epoksid gatranindan (100 k.h. ED-20 epoksid qatrani tigiin 10,
15, 20, 25, 30 k.h. sopolimer) hazirlanmigdir. Miixtalif soraitds qaynar barkime yolu ilo alinan
yapisqanin duraliiminium I6vhalarinin yapisdirilma xiisusiyysti 6yronilmisdir. Miioyyan edilmisdir
ki, duralumin 16vhaler ii¢iin sopolimer vo ED-20 epoksid qatraninin miixtalif kiitlo nisbatlorinde
hazirlanmis yapisdirici kompozisiyalarin siirlismods qirilma miigavimati ED- 20:CP=100:25
nisbatinds daha yiiksok olmugsdur. Bu kiitls nisbotinds alds edilon yapisqan torkibi 140, 160 vo 180
°C-da 2 saat quruduqda duraliiminium I6vhalar {igiin siirlismoads qirilma miiqavimeti 13,8, 13,9 vo
14,4 MPa olmusdur. ED-20:CP=100:25 nisbatinds hazirlanmis yapisqan torkibinin dartilmada
qirilma miigavimati va dielektrik xiisusiyyatlori miioyyon edilmisdir. Bu nisbatds hazirlanmis
yapisqan torkibinin dartilmada qirilma miiqavimeti 2,13 MPa,dielektrik kegiriciliyi 1,8 (106 Hs
tezlikdo) va dielektrik itkisinin bucaq tangensi 45-10-3 (106 Hs tezliyindo) olmusdur. ). Miixtalif
halledicilorde miixtolif kiitlo nisbatlorinds barkidilmaklo hazirlanan yapisdirict kompozisiyalarin
sismo doracosi miioyyon edilmisdir. Toluol, xlorbenzol, 1,4-dioksan vo butilasetatda 100:25 kiitlo
nisbatinds sartlosmo yolu ilo hazirlanan yapisqan torkibinin siskinlik doracslori miivafiq olaraq
0,63, 0,67, 0,75 va 4,19% toskil edir.

Acar sozlor: allil propionat, stirol, malein anhidrid, ti¢lii sopolimer, epoksid gatrani, yapisqan
kompozisiyasi, sismo doracosi, dielektrik kegiricilik.
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PE3IOME

[TomyueHs! KJI€eBbIE KOMITO3UITUMM HAa OCHOBE TPOWHOTO COIMOJIMMEpPA aJUTHIIPOITMOHATA, CTUPOJIa
¥ MaJIeMHOBOTO aHTHAPHUAA U SMOKCHIHOM cMonbl D/1-20 u ompeeneHsl HEKOTOpble (pu3ndeckue
1 (PU3UKO-XMMHUYECKHUE CBOMCTBA ATUX KJICEBBIX KOMITO3HITHH.

KiieeBble KOMIIO3MIIMM TOTOBWJIM B Pa3IUYHBIX COOTHOIICHHSIX TPOMHOIO COMOJIMMEpa
AJTWIIIIPONIUOHAT-CTUPOJI-MAJIEUHOBBIA @HTUIPUIT W SHOKCHAHOM cmoibl DJ[-20 (comonumep
10,15, 20, 25, 30 m.4. Ha 100 M.4. 3mokcuaHON cMoutbl D/1-20).

N3yueHo CBOWCTBO CKJIEHMBAHHS JIOPAJICBBIX IJIACTHH KJIEEM, IOJYYEHHBIM OTBEPXKICHHEM B
Pa3IMYHBIX YCIOBUAX. Y CTAHOBIIEHO, YTO CONPOTUBJICHUE Pa3pyILICHUIO ITPU CKOJIbXKEHUH KIIEEBBIX
KOMITO3HIINH, TPUTOTOBJICHHBIX B pa3JIMYHBIX MAaCCOBBIX COOTHOIICHUSAX COTOJUMEpa |
AnoKCUIHON cMmombl D/1-20 it JropaneBbIX IUIUT, Bbille npu cootHomeHnun D/1-20:1{I1=100:25.
[Ipu oTBepKaEHUYN KII€EBOW KOMITO3UIIMH, TTOJTYYEHHOW B JAHHOM MAacCOBOM COOTHOIIICHHUH, TTPH
temneparype 140, 160 u 180 °C B TeueHue 2 4acoB CONPOTUBIIEHHE PA3PYIICHUIO IIPU
CKOJIbKEHUU JTHOPATIOMUHUEBBIX IIaCTHH cocTtaBuio 13,8, 13,9 u 14,4 MI1a.

OrnpeneneHsbl CONPOTUBICHUE PA3pyILICHUIO TMPU PACTSHKEHUH W AUDJIEKTPUUECKHE CBOMCTBA
KJICEBOM KOMIIO3UIIUM, NMPUTOTOBIEHHOM B cooTHomeHuu I/[-20:I[I[1=100:25. ConpoTtusienue
pa3pylLICHUIO KJIEEBOM KOMIO3UIMHU, NMPUTOTOBIEHHON B 3TOM COOTHOILIEHWH, COCTaBwio 2,13
Mlla, nuanextpuueckas mnpoHunaemocts - 1,8 (Ha wacrotre 106 I'c) um yrimoBol TaHreHcC
JTURIIEKTpUUecKuX moteps - 45-10-3 (Ha wacrore 106 I'c). ). Onpenenena creneHb HaOyXaHUs
KJIEEBBIX KOMITO3HIINI, TPUTOTOBJICHHBIX OTBEP)KICHUEM B PA3IMYHBIX MACCOBBIX COOTHOIICHUSIX
B pasHbIX pacTBopuTensx. CreneHHM HaOyXaHHS KJI€EBOW KOMIIO3UIIMH, MPUTOTOBICHHOMN
OTBEp)KJIeHHEeM B maccoBoM cooTHomeHuu 100:25 B Tomyone, xjopOenzone, 1,4-muokcane u
oyTtunanerare, coctaBisoT 0,63, 0,67, 0,75 u 4,19% cOOTBETCTBEHHO.

KurwueBble cioBa: aJUTAINPONUOHAT, CTUPOJ, MAJICMHOBBIA AHTHAPHUJ, TPOMHON COMOJIUMED,
ATIIOKCHJIHASI CMOJIA, KJIIEEBOM COCTaB, CTENEHb HAOyXaHUs, TUAICKTPUUECKask TPOBOAUMOCTD.
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SYNTHESIS AND APPLICATION OF ACETYL ACETONATE
COMPLEXES OF TRIVALENT RHENIUM (RE(111)) WITH METAL-
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ABSTRACT

Dinuclear acetylacetone derivatives of trivalent rhenium were obtained and their physicochemical
and thermal properties were studied in detail. The composition and type of compounds were
determined using chemical, IR-spectral and X-ray phase methods from various analytical methods.
During the study of the proposed structures of the obtained compounds by IR spectral analysis, it
was determined that the absorption spectra of ion complexes containing protonated amines are
almost identical to each other. It was determined that there are intense bands at 1380 and 1460 cm’
!, which are characteristic of symmetric and asymmetric bending vibrations of methyl groups,
respectively. In addition, in the high-frequency region of the spectra, the presence of broad intense
bands in the region of 3050-3250 cm™' with several maxima characteristic of stretching vibrations
of protonated amines was revealed. Thermogravimetric methods have determined that they
decompose at low temperatures and that in all cases the final solid phase product is rhenium metal.
As a result of many interesting studies, it was determined that many representatives of this class of
compounds can be used as starting products for the production of effective catalysts in obtaining
oxide or metal coatings and in many organic synthesis processes.

Keywords: complex, analysis, synthesis, temperature, ligand, solution.

Introduction

Complexes with -diketones were obtained for many metals [1, 2]. These are mainlydinuclear
and polynuclear complexes without metal-metal bonds. Only dinuclear B-diketonates with a metal-
metal bond are known for rhodium [3-6].

At present, there is very little information in the literature about the synthesis and research of
rhenium (III) B-diketonate complexes with multiple metal-metal bonds. Nevertheless, they can be
of great practical interest, since many representatives of this class of compounds can be used as
starting products for the production of effective catalysts in obtaining oxide or metal coatings and
in many organic synthesis processes.

The purpose of the conducted research is to study the interaction of dinuclear rhenium (III)
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complexes with acetylacetone.

Experimental part

Infrared (IR) spectra were recorded in the 400-4000 cm™! region on UR-20 and SPECORD-M
80 spectrometers.

Before imaging, samples were prepared as a suspension in liquid paraffin. In some cases, test
substances are compressed into potassium bromide tablets.

Differential thermogravimetric analysis was carried out in the Q-1500 D derivatography of the
Paulik-Edrey-Paulik system using a platinum-platinum-rhodium thermocouple in a nitrogen
atmosphere in the temperature range of 20-900°C. The heating rate of the oven is 10 degrees/min.
Calcined alumina was used as standard. Ceramic vessels served as containers for samples. Accuracy
of temperature determination is 5°C, weight loss is 0.001 g.

The starting compounds M2[Re2X8] with M=K+ used in the work were obtained by us for the
first time according to the method described in [7] and M=(C,Hs);NH",(CH3)>NHo.

Synthesis of triethylammonium octabromorenate [(C2Hs):NH]z2[Re2Brs].

A sample (0.5 g) of K>[Re»Brg] was dissolved in 50 mL of concentrated bromic acid in a reflux
condenser flask with continuous stirring at 60-70°C under a stream of inert gas.

The resulting brown solution is cooled to room temperature, then filtered and an excess of
triethylamine, previously dried over calcium chloride, is added. Then the solution was heated
again at 50-60°C for 15 minutes and allowed to crystallize. Well-formed dark brown crystals
precipitated from the solution within 30 min, which were filtered, washed with mother liquor,
several times with ether, and dried in a desiccator over sulfuric acid until a stable mass was formed.
Yield 95% (Table 2. link 2).

Table 1. Results of the chemical analysis of the obtained complexes.

No Mixed Colour Exit % found Calculated %
Re X N C Re X N C

[(CH3): NH:z]2[Re2Brs] Brown 95% | 33,8 | 583 | 2,6 | 485 | 33,6 | 57,97 | 2,5| 4,34

[(C:Hs)3s NH]2[Re:Brs] Brown 90% | 31,2 | 50,0 | 2,6 | 10,2 | 30,7 | 52,5 | 2,3 | 11,8

3 Re:Cls (CsH702):2 Green 96% | 52,2 | 19,9 - 1,3 | 524 | 1994 | - 16,8

Synthesis of dimethylammonium octachloronate [(CH3)2NH:]2[Re2Brs].

Weighed (0.5 g) Ko>[Re:Brg] was dissolved in 40 ml of bromic acid in a flask with a reflux
condenser at 80°C under a stream of inert gas. The resulting solution is cooled, filtered and an excess
of dimethylamine is added. Then it was heated at 50°C for 15-20 minutes and allowed to crystallize.
Well-formed crystals precipitated from the solution within 1 h, which were filtered, washed several
times with ether and mother liquor, and dried in a desiccator over sulfuric acid until a stable mass
was formed. Yield 93% (Table 1. link 1).

Other octahalide complexes listed in Table 1 were obtained by a similar method.

Synthesis of tetrachlorodiacetylacetonadirium Re2Cls(CsH702)2 — was carried out in two

ways.
In the first method, a weight of [(CH3).NH:z]2[Re:Clg] (0.3g) was dissolved in 35 ml of
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acetone in a reflux condenser flask with constant stirring and at 50-60°C until complete dissolution.
Then the obtained solution is cooled to room temperature, filtered and 15-20 ml of acetylacetone is
added. At the same time, the color of the solution constantly changed from blue to greenish-blue.
A blue-green crystalline precipitate precipitated from the solution in about 2-3 hours, filtered,
washed with mother liquor, several times with ether, and dried in a desiccator over sulfuric acid
until a stable mass was formed. Yield 96% (Table 1. link 3).

The remaining octahalide complexes were also used as starting compounds to prepare the
mixed ligand acetylacetonate complex, and in all cases the results were identical.

In the second method, it was carried out by isothermal heating of the complex
RexCly(CsH702)2(AMFA),. For this purpose, the derivatogram of the dimethylformamide
derivative (Figure 1) was recorded and the onset of thermal decomposition was determined.

The drawn Re>Cls(CsH702)2(AMFA): 1s heated in a nitrogen flow in a porcelain vessel at a
temperature of 160-170°C for 3.5-4 hours. At the same time, the color of the product changed from
blue to bright green. The identity of the resulting product with the compoundRe>Cls(CsH70z); is
confirmed by chemical and IR spectral analysis methods.

Results and its discussion

The proposed structures of the obtained compounds were investigated by IR spectral analysis.
The absorption spectra of ion complexes containing protonated amines (tables 1-4) are almost
identical. Thus, there are intense bands characteristic for symmetric and asymmetric bending
vibrations of methyl groups at 1380 and 1460 cm™!, respectively. In addition, in the high- frequency
region of the spectra, broad intense bands appear in the region of 3050-3250 cm™! with several
maxima characteristic of stretching vibrations of protonated amines.

It is interesting that during the synthesis of complexes [(CH3).NH:]>[Re.Cls] We used
dimethylformamide as a donor base. However, the IR spectra of these compounds do not have
absorption bands characteristic of carbonyl groups. Thus, it was determined that under thereaction
conditions, dimethylformamide molecules are decarbonylated to form dimethylamine.

// HX . < ]
He( — (O +(CH;),NH
N(CH3;),

The resulting dimethylamine is then protonated and incorporated as a cation.

In this study, the thermal decomposition of the synthesized complexes was studied. Data on
the thermal decomposition of the studied compounds are given in Table 2.

Derivatograms recorded in nitrogen flow are shown in Fig. 1 and 2.

Table 2. Data on the thermal decomposition of rhenium (III) acetylacetonate complexes.

Mixed. Temperature Decomposition product

range,”C Remainder To sublimate
Re2Cls(Cs H702): 120-180 RexCly (CsH/02) | DMFA
(IM®A), 350-430 Re. Cs H;0s, Cl
Re:Cl4 (Cs H702):2 320-380 ReBr; Cs H,02

470 Re. Br,

PAHTEI [
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 17




According to the DTG curve (Fig. 2), the decomposition of the complex Re2Cls(CsH702)2
(AM®A)> occurs at 180°C and two molecules of dimethylformamide are removed. After that, the
process continues in the same way Re>Cls(CsH702)2(DMFA); (Figure 2). Thus, during the thermal
decomposition of Re2Cly(CsH702)2(DMF),, dimethylformamide molecules are first removed, then
the main thermal destruction of the complex occurs with the formation of metal rhenium.

As can be seen in the coupling thermogram, Re,Cl4(CsH70,), (Fig. 2.) a clear endothermic
effect is observed at 345°C, which corresponds to the removal of two molecules of acetylacetone.
In addition, the decomposition of the complex is accompanied by a smooth decrease in the TG curve
without a clear effect on the DTA curve. Therefore, it turned out that it was not possible to determine
the mass loss threshold corresponding to the volatile products. Accordingly, the total mass loss
corresponding to the values calculated from this reaction was calculated:

Re:Cls (CsH702)2 — 2 Re + 2Cl2 + 2CsH702

Thus, intramolecular redox processes occur during the thermal decomposition of dinuclear 3-
diketonate complexes of rhenium (III) with a short metal-metal bond, which is accompanied by the
reduction of rhenium (III) to metal.

£,°C
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8001

4001 430
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2001
185
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110

Figure 1. Derivatogram Re;Brs(CsH702)2(DMFA)s.
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Figure 2. Derivatogram Re>Cly(CsH70z)z.
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XULASO

Ugvalentli reniumun ikiniivoli asetilaseton toromolori almmis vo onlarm fiziki-kimyavi vo istilik
xassolori otrafli dyronilmisdir. Miixtolif analitik, kimyavi, 1Q-spektroskopiya vo rentgen faza
tisullart ilo alinan birlogmolorin torkibi vo qurulusu miioyyon edilmisdir. Alinan birlogmolorin
toklif olunan qurulusunun IQ-spektral analizi ilo todqiqi zaman miioyyan edilmisdir ki, torkibindo
protonlagsmis aminlar olan ion komplekslorinin udma spektrlori bir-biri ilo demak olar ki, eynidir.
Miioyyon edilmisgdir ki, 1380 vo 1460 sm'-do metil gruplarinin miivafiq olaraq simmetrik vo
asimmetrik deformasiya vibrasiyalar ticlin xarakterik olan intensiv zolaglar mévcuddur. Bundan
olava, spektrlorin yiiksok tezlikli bdlgoasindo 3050-3250 sm™' bdlgasindo protonlanmis aminlorin
valent vibrasiyalar iigiin xarakterik olan bir ne¢o maksimuma malik genis intensiv zolaglarin
olmasi agkar edilmisdir. Termoqravimetrik {isullar vasitasilo bu birlosmolorin asagi temperaturda
parcalandigin1 vo biitiin hallarda qaliq bork faza mohsulunun renium metal oldugunu miioyyon
etmigdir. Bir cox maraqli todgiqatlar naticosindo miioyyan edilmisdir ki, bu sinif birlogmolorin bir
cox niimayandasi oksid vo ya metal ortiiklorin alinmasinda va bir ¢ox iizvi sintez proseslorinda
effektiv katalizatorlarin istehsali iiglin ilkin xammal kimi istifads edils bilor.

Acar sozlar: kompleks, analiz, sintez, temperatur, ligand, mahlul.
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CHUHTE3 U IPUMEHEHUME KOMIVIEKCOB TPEXBAJIEHTHOI'O
PEHUA (RE(II1)) AHETUJIAHETOHATA C COEAUHEHUAMMU METAJI-
METAJIJIOB

Amupin ®.A.', T'yaanos O.M.2, Kaxpamanosa .3, Iluxaaues H.M.4, Anuesa I1.B.3
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PE3IOME

[Tosrydensl OusiiepHbIe alETHIIALETOHOBBIE MPOU3BOJHBIE TPEXBAJIEHTHOTO PEHUS U JETABbHO
u3yudeHbl UX (PU3MKO-XUMHUUYECKHE M TepMHuyeckue cBoiicTBa. CocTaB M CTPOEHUS COEAMHEHUI
onpeaensaau xumuueckumu, HK-crnekrpanbHbIMU W peHTreHo(a3zoBbIMM MeTodamu. B xone
UCCJIEIOBaHMSI IIPEUIOKEHHBIX CTPYKTYP MOJyUYEHHBIX coenquHeHuil metogoMm MK-cnekrpanbHoro
aHaIM3a YCTAHOBJICHO, YTO CIEKTPbl IOTJIOIIEHHWS MOHHBIX KOMIUIEKCOB, COIEPKAIINX
[IPOTOHUPOBAHHBIE AMUHBI, IPAKTUYECKH MACHTUYHBI JPYr JPYry. YCTaHOBJICHO HallM4yue
MHTEHCHBHBIX 1os10¢ pu 1380 1 1460 cM™!, xapaKTepHBIX 111 CHMMETPUYHBIX M ACHMMETPUYHBIX
ne(OpMaLMOHHBIX  KoJe0aHMH  METWIBHBIX TpYINI  COOTBETCTBEHHO. Kpome Toro, B
BBICOKOYACTOTHOW O0OJIaCTH CIEKTPOB BBISIBJICHO HAJIWYHE LIMPOKUX HHTEHCHUBHBIX IIOJIOC C
HECKOJIbKUMH MaKCUMyMaMH, XapaKTepHBIX JJIs BaJEHTHBIX KojeOaHW NpPOTOHMPOBAHHBIX
aMuHOB B 06s1acTu 3050-3250 cm™!. TepMorpaBUMeTpHYECKMMU METOAAMH YCTAHOBJIEHO, YTO OHH
pasnaraioTcs IpU HHU3KUX TEMIepaTypax M 4TO BO BCEX CIy4yasX KOHEYHBIM TBepAo(a3HbIM
IIPOJYKTOM SIBIIIETCS METAIUIMYECKUN peHUil. B pe3ysibrarte MHOIMX MHTEPECHBIX MCCIEA0BAHUI
YCTaHOBIIEHO, YTO MHOTHE MPEJICTABUTEIM 3TOTO KJIacca COeAMHEHUH MOTYT ObITh MCIIOJIb30BaHbI
B KAayeCTBE HCXOAHBIX NPOAYKTOB JJIsi MPOU3BOJCTBA 3()(PEKTUBHBIX KaTalu3aTOPOB IPHU
MIOJIyYEHUU OKCHJHBIX WIM METAJUIMYECKUX IOKPBITUM U BO MHOTHUX IIPOLIECCAX OPraHUYECKOro
CHUHTE3a.

KuroueBble cji0Ba: KOMIUIEKC, aHAJIN3, CUHTE3, TEMIIEPATYPA, JINTaHl, pAaCTBOP.
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CHEMICAL STRUCTURE CHARACTERISTICS OF RECYCLED
POLYETHYLENE

Aliyeva Zahida Nazim!, Djafarova Dursadaf Nariman?

L2Azerbaijan State Oil and Industry University, Baku, Azerbaijan
! email.zahidaaliyeva69@gmail.com, http://orcid.org/0000-0002-6420-1480
2 ceferova.dursedef@gmail.com, http://orcid.org/0000-0002-2758-2421

ABSTRACT

His study examined the aging process of polyethylene used in the spring-summer season in the
Absheron Valley for 6 months and studied their recycling. It has been established that the
technological and physical-mechanical properties of the processed polymer change significantly
depending on the operating conditions and the intensity of the factors affecting it.As a result of our
modification, it was possible to restore 80% of the original properties of polyethylene, which after
decommissioning turned into waste.

Keywords: Low density polyethylene (LDPE). recycling of polymer waste, modification, ecology.

Introduction

Very year, the number of polymer products used in everyday life in our republic is constantly
increasing, and these products, after use, become waste and cause environmental damage to our
flora and fauna [1-4].

Low-density polyethylene (LDPE) is often widely used as a raw material in the production of
any plastic materials. Packaging materials made from them can be used both in everyday life and
in industry. They are then sent for recycling, regardless of their use [5-7].

While everything is clear with the processing of household polyethylene, the industry faces
anumber of difficulties when processing polyethylene [8-11]. Typically, polyethylene, for example,
as a packaging material, unlike household materials, is used for a long time, and during operation,
in addition to natural exposure (direct sunlight, temperature changes), it is covered witha net, which
is impossible. get rid of it completely even after thorough cleaning [12]. Therefore, the raw materials
obtained as a result of processing polyethylene used in industry do not have quality indicators. A
study of literary materials has shown that the recycling of polyethylene and materials based on them
has not been sufficiently studied. Hereford, research in this area is very relevant [13-14].

Method

In this work, we used polyethylene waste, which was in operation in various zones of
Azerbaijan. Under these climatic conditions, processes of destruction and structuring of
polyethylene macromolecules occur at different rates. In the first case, low-molecular compounds
are formed, and in the second, an insoluble gel fraction is formed. . However, the amount of gel
should always be considered so that different processing methods can be selected. In this work we
used LDPE and LLDPE films before and after aging. Table 1 shows the characteristics of LDPE
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and LLDPE films before and after aging.

Table 1. Low density polyethylene (LDPE) characteristics before and after aging

Before LDPE
Indicators operation LDPE after exploitation

The amount of C-O group, mol 0,1 1,6 1,6
Amount of low molecular weight compounds, % 0,1 6,2 6,2
Amount of gel fractions, % 0 20 2,0
Destructive stress in crushing, Mpa 15,5 11,9 10
Relative elongation at break, % 490 17 125
Resistance to cracking, hours 8 - 1

Fastness to light, day 90 - 50

Studies have shown that the strength of a polymer material quickly decreases when recycled
more than 3-5 times. When processing LLDPE, it is necessary to increase the casting temperature
by 3-5% to disperse the gel fraction. When processing waste polyethylenes, it is necessary to modify
them so that the physical and mechanical properties of the product obtained as a result of processing
are high and the product does not deteriorate quickly. during operation and is suitable for long-term
use.

Result

Methods for processing polyethylene waste

Methods for recycling polyethylene waste depend on its type. Studies have shown that the
strength of a polymer material quickly decreases when processed more than 3-5 times. When
processing LLDPE, it is necessary to increase the casting temperature by 3-5% to disperse the gel
fraction. When processing waste polyethylene, it is necessary to modify them so that the physical
and mechanical properties of the product obtained as a result of processing are high and the product
does not deteriorate quickly. during operation and is suitable for long-term use

As a result of thermal exposure, the molecular weight of PE decreases as a result of the

destruction and splitting of the macromolecule and increases as a result of structuring. Thedirection
of the destruction reaction is as follows

o r'’c o

~CHh-Ch+~CHh-CHh ~ - ~CH,-CHs+~CH -CH, - CH, - CH) ~>

=~ CH-CHh+ ~CH -CH -CHy~

Under the influence of high-energy rays (radiation) and ultraviolet rays, deep chemical
transformations occur in polymers - destruction, construction of macromolecules, increase in
unsaturation in macromolecules, etc.

Infrared spectroscopic analysis of processed and used polyethylene shows that the
absorption band at 1700 cm™ corresponds to oxygen-containing groups: >C=0, and the absorption
bands in the region of 3400-3600 cm™ correspond to the displacement of hydroxyl
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groups. Due to the influence of temperature, strong shifts in the IR spectrum of PE occur in the
crystalline phase with an absorption band of 1894 cm™ and in the amorphous phase with an
absorption band of 2016 cm’'. When a polymer sample is oriented in different directions at a
temperature of 50 °C, a change in structure occurs in the crystalline and amorphous phases,
confirming changes in the absorption bands observed in the region of 1600-2500 cm’!.

wen GHy - CHy + CHy - CH- CHyvr  —— = »wn CHye CHy + CHZ-EI:-CHZ-CHZ-CHz —
|
CH, CH,

: :

——-m wwn CHy - C = CHy + CHy - CHy
i
CH,

4

s

The most important factor affecting the rate of oxidation is temperature. When the
temperature drops from 80 to 140 °C, the oxidation resistance time of LDPE decreases from 130
hours to 2 hours. As the temperature increases, the rate of oxygen absorption increases rapidly and
the durability performance of ASPE deteriorates. The tensile strength of LDPE decreases from 125
MPa to zero when the temperature increases from 20 to 100 °C, and the relative elongation decreases
to 115% from 540 to 600%.

Dependence of the breakdown voltage change on temperature. It is shown in 2.

Table 2. Variation of breakdown voltage as a function of temperature

Neo Destructive stress Temperatur, ° C
MPa 20 40 60 80
1 In compression 131 82 17 -
2 In static bending 120 96 78 -
3 In cutting 160 142 95 63

Temperature change from 20 to 80 °C causes LDPE durability indicators to decrease by 2-
3 times.

During the operation of the polymer in the natural atmospheric environment, the photo- and
thermal oxidation processes follow the same mechanism, but these processes differ in terms of
excitation rates and reaction products.

In the process of photooxidation of LDPE at 50°C, no induction period is observed in the
dependence of the absorbed oxygen (ml/g) on the exposure time. In the process of thermal oxidation
of ASPE at 100 °C, a slight autocatalytic effect is observed.

It is clear from the above that the oxidation of the polymer depends on its macromolecular
and macromolecular structure.

As it can be seen, the technological and physical-mechanical properties of the polymer to be
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recycled vary significantly depending on the operating conditions and the intensity of the factors
affecting it. In the recycling process, the polymer is once again subjected to mechanical-chemical,
thermal, and oxidizing effects. Depending on the number of recycling, the influence of the factors
is strengthened.

Conclusion

The study of the effect of the number of recycling on the properties of products obtained from
waste showed that recycling 3-5 times has little effect on the change in the properties of the polymer,
even a noticeable decrease in mechanical durability compared to the first recycling begins only after
5-10 recycling.

In the recycling process of LDPE products, it is advisable to increase the temperature by 3-
5% in the casting operation or by 4-6% in the speed of the screw axis (auger) during extrusion. The
selection of such processing parameters leads to the disintegration of the gel fraction during
processing.

During the recycling process, under the influence of air oxygen, the molecular mass of
polyolefins decreases and the fragility of the processed polymer significantly increases.

In the process of recycling PP from the class of polyolefins, the flow rate of the polymer alloy
increases, but the durability indicators of the polymer change partially. Therefore, in many cases,
products based on decommissioned PP are processed but also used in mixtures with primary
polymer.
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ISTISMARDAN CIXMIS POLIETILENIN KiMYOVi QURULUSUNUN
XUSUSIYYOTLORI
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XULASO

Todgigatda Abseron vadisinds yaz-yay movslimiinds istifado olunan polietilenin 6 ay miiddotindo
qocalma prosesi 0yronilib vo onun tokrar emali todqiq edilmisdir. Miioyyan edilmisdir ki, emal
edilmis polimerin texnoloji va fiziki-mexaniki xassolori is soraitindon vo ona tosir edon amillorin
intensivliyindon asili olaraq ohomiyyatli deracads doyisir. Bizim torafimizdon hayata kegirilon
modifikasiya naticosinds istismardan ¢ixarildigdan sonra tullantiya c¢evrilon polietilenin ilkin
xassolorin 80%-ni borpa etmok miimkiin olmusdur.

Acar sozlar: Asagi sixligh polietilen (ASPE). polimer tullantilarinin tokrar emali, modifikasiyasi,
ekologiyas.
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XUMHNYECKASA CTPYKTYPHASA XAPAKTEPUCTUKA BTOPUYHOI'O
HOJIUITUJIEHA

Asmesa 3axuaa Hasum!, :xkadaposa Jlypcagad Hapuman?
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PE3IOME

B npencraBineHHOM cTaThe AaHa HHPOPMALIUS O CTAPSHUS OJIUITUICHOB B TeUEHUE 6 MECALICB
HCIIOJIb3YEMBIX B BECEHHE-JICTHHUM Ce30H B A0JIMHE AOIIepOHa, U U3ydyanach UX nepepadoTka.

Y CTaHOBIIEHO, UTO TEXHOJIIOTHYECKHE U (PU3MKO-MEXaHMUECKUE CBOMCTBA epepadaThIBAEMOT0O
MIOJINMEPA CYIIECTBEHHO U3MEHSIOTCS B 3aBUCMMOCTH OT YCJIIOBHM MCIOJIb30BAHUE U
MHTEHCUBHOCTH BO3JICHCTBYIOMIMX HA HETO (hakTopoB. B pe3ynprarte Hamed MoaudpuKauu
yaaj1ock BOCCTaHOBUTH 80% MepBOHaYaIbHBIX CBOMCTB MOJUATUIIEH, KOTOPBIN NIOCIIE BBIBOAA U3
AKCIUTyaTal CTAHOBUTCS OTXOOM.

KiroueBnbie cioBa: [Tommmatunen vuskoro aasnenus (II3H/]), mepepaborka, moguduxaus,
AKOJIOTHS TOJIUMEPHBIX OTXOOB.

| PAHTEI
| 26 | PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS



mailto:zahidaaliyeva69@gmail.com
mailto:zahidaaliyeva69@gmail.com
http://orcid.org/0000-0002-2758-2421

https://doi.org/10.32010/mpmc2024.004

CHUHTE3 D®UPOB HE®TAHBIX HA®TEHOBBIX KUCJIOT U
U3YUYEHUE UX CBOUCTB

IlaxmamenoBa Auaa lNoasaral, Cros SAn?, Yenr Jlonr?

123 AsepGaiimkanckuii [ocynapcreennniii Yausepeurer Hedru u [lpomeinuiennocty, baky, Asep6aiimkan
! aida.aliyeval @gmail.com, http://orcid.org/0000-0002-8795-7758

AHHOTAINUA

ChlppéM a1 HCCIIeJOBaHUIM ObUIM HCIHOJIB30BAHbI HE(PTSHbIE HA(DTEHOBBIE KUCIOTHI, KOTOpbIE
ObUIN BBIICTICHBI U3 KEPOCUHO-Ta30MIeBhIX (Ppakiuil. B ctaThe nanbl PU3NKO-XUMUYECKHE TaHHbIC
UCIIOJIB30BAaHHOIO ChIpbs. Pa3paboTaHbl MeTOAbI MOMy4YeHHs (UHUIOBBIX 3()UPOB HEDTAHBIX
HATEHOBBIX M  HEKOTOPbIX  UUKIMYECKUX  KApOOHOBBIX  KUCIOT  B3aUMOCHCTBUEM
COOTBETCTBYIOIIMX KHCJIOT C BHUHWIALETAaTOM B IMPUCYTCTBMM aleTrara pryTH M 3¢upara
TpéxdTopucroro 6opa. [lokazano, 4To CHHTE3UPOBAHHBIE HEMPEAETBHBIE H(PHUPHI SBJIAIOTCS BEChbMa
PEAKIIMOHHO-CIIOCOOHBIMHM COEJUHEHUSIMU U MOTYT BCTYIaTh B PEaKLUIOIHIPOCHIMIINPOBAHUS U
JTMEHOBOW KOHJIEHCALlMM ¢ 00pa30oBaHUEM HOBBIX IMPOU3BOJIHBIX. B CBeTe BBINICHU3IIOKECHHBIX,
IPOJIOJIXKasl UCCIIEOBAHUS B 3TOM HAIpaBJIEHUM B JaHHOM pabore ObuIMpa3zpaboTaHbl METOAbI
CHHTE3a IMpPEICNIbHBIX M HEMpPEICNbHBIX CIOXKHBIX 3(UPOB HEPTSIHBIX HAPTEHOBBIX KHCIIOT,
coJepxale pasinyHble (YHKIMOHAIBHBIE TIPYMIbI, TaKKe M3YyYeHbl HX XUMHUYECKHUE
NpeBpalieHusi ¥ aHTUMHUKPOOHBIE Moauduuupyromue cBoicTBa. llomydeHsl, XJIOpaHTHUIPUIBI
HE(QTSIHbIX HAa(TEHOBBIX KHCJIOT, KOTOpPbIE SBIAIOTCA BECbMa PEAKIIMOHHOCIIOCOOHBIMHU
COCIMHEHUSIMH M OypHO BCTYMAIOT B PEAKUHWIO aIMIUpoBaHMA. B kauecTBe rimkoneil ObuLTH
UCIIOJIb30BaHbl OyTaHIMONI U OYTUHIMOJ. A Takke, ObUTU MPOBEJECHBI PEeaKLUU B3aUMOACHCTBUS
XJIOPAHTUAPUIOB HAQTEHOBBIX KUCIOT C TPUATHIAMHUHOM M TIOJTYYEHBI KETOHBI U IUMEPHI KETOHOB
C KOJIMYECTBEHHBIMU BbIXOJaMHU. KeTOHBI Kak pEaKIMOHHOAKTHBHBIE BELIECTBA B MOMEHT
00pa3oBaHUs B IPUCYTCTBUH CIIUPTOB, HE YCIEBasi AUMEPU30BATHCS, 00Pa3yIOT CIO0XKHBIE (PUPHI.
Bce nosydyeHHbBIE M CHHTE3UPOBaHHBIE HOBBIE ITPONU3BOIHBIE aBTOPHI IIPEJIAratoT NCIOJIb30BaTh B
Ka4yecTBE MHTMOUTOPOB KOPPO3HH.

KaroueBble ci10Ba: HaQTeHOBAsI KUCIIOTA, XJIOPAHTHIPHIBI, ITULIUAUIOBbIE Y3PHUPBI, Oy THHIHOL.

BBenenue

I/IBBCCTHO, qToO He(bTSIHBIe Ha(I)TeHOBLIe KHUCJIOTBI U HUX IIPOU3BOIHBIC HCIIOJB3YIOTCS B
Ka4ecTBE aHTUMHUKPOOHBIX BEIIECTB, aHTUKOPPO3HOHHBIX T00aBOK K CMa3KaM, TIIaCTH(HUKATOPOB
1 MOAU(GUKATOPOB K TIOJUMEPHBIM MaTepuansaMm, HWHTHOUTOPOB KHUCIOTHOW KOPPO3UH,
KOMIIOHCHTOB JIaKOB H T.[O., KOTOpBIG CBI/II[eTeJH)CTBYIOT (0] HII/IpOKI/IX BO3MOXHOCTAX OTHUX
KHUCJIOpOACOACPKAIINX COG,I[I/IHCHI/II‘/'I BBIACJIICHHBIX W3 HepBHqHOﬁ nepepa60TKH He(bTI/I nu
OTKprBaIOT 6OJIBHII/I€ HepCHeKTI/IBHOCTI/I HOJIyLIeHI/I}I Ha UX OCHOBC HOBLIX peaKIII/IOHHOCHOCOGHBIX
Q)yHKHHOHaHBHOSaMCH_IéHHBIX COGI[I/IHGHI/Iﬁ. Taxxe CICayeT OTMCETUTb, YTO CO3JaHUC HOBBIX
PEAKIMOHHOCTIOCOOHBIX U ()YHKITMOHATLHO3aMEIIEHHBIX BEIICCTB 38 JaHHON
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CTPYKTYpBI Ha 6a3e TOCTYIHOTO U JAEUIEBOTO CHIPhs (MPOIYKTOB MEPBUYHON MepepabOTKH ChIPOit
He(TH), CHOCOOHBIX JIETKO BCTYNAaTh B Pa3IMYHble XMMHUYECKHE MPEBPALICHUS C IMOJyYEHHUEM
HOBBIX MPOAYKTOB C HEOOXOAWMBIMU KOMIUIEKCHBIMU CBOWCTBAMM aKTyalbHBI. VccienoBanus B
3TOM HalpaBIECHUH TAKXKE SABISAIOTCS aKTyaJIbHBIMU B OTHOILIEHUH 3KOJIOTUH.

BBeaenue B cTaThIO

ChIpbEM JaHHBIX WCCIEIOBaHUN clyXwi HepTsaHble HadteHoBble kuciotel (HHK),
BBIJICTICHHBIE W3 KEPOCHHO-TA30MICBBIX (DPAKIUN IEIIOYHBIX OTXOJOB, XJOPAHTUIPHUILI U
Ha(TeHATHl HE(PTAHBIX HAPTEHOBBIX KUCIIOT, IpeeibHbIe U HenpeaenbHble raukonu. Lllenounsie
OTXOJIbI TMPEABAPUTENHHO OYHUIIATUCH OT HEUTPAIBHBIX YTJICBOJIOPOAOB U (eHOJOB. DU3MKO-
XUMHUYECKHE CBOMCTBA LIEIOYHBIX OTXOA0B JaHbl B Tabmuie 1.

Taoauna 1.Ousuko-xuMUUYeCKre CBOMCTBA LMIEIOUYHBIX OTXO0I0B

ITokazarenu Copepxanue
ConeprkaHre OpraHUYeCcKOi YacTH B IEJIOYHBIX 0TX0AaX, % (Macc.) 20,2
Kucnornoe unciio oprannueckoit wactu, MrKOH/r 200,4
Conep:xkaHre HaQ TEHOBBIX KHCIIOT B IIEJIOYHBIX OTX0AAX, % (Macc.) 16,6
KucnorHoe uncio uncteix HadTeHoBBIX KHcnot, MrKOH/r 232,7
Conep:kaHrie HEOMBUISIEMBIX B IIEJIOYHBIX 0TX0aX, % (Macc.) 2,4
Conep:xkanre HaQ TEHOBBIX KHCIIOT B OPraHUYECcKoH 9acTH, % (Macc.) 86,1
Conep:kaHre HEOMBISIEMBIX B OpraHMYecKoi yacty, % (macc.) 13,9
MonekynsipHast Macca Ha) TEHOBBIX KUCIIOT 240,7
Copnepxanne NaOH % (macc.):

CBOOOIHBIH 0,45
CBSI3aHHBIA 2,90
O6mas meno9HoCTh, % (Macc.) 3,35

DU3NKO-XUMUICCKUE CBOMCTBA OYHINEHHBIX HEPTSIHBIX HA()TEHOBBIX KUCIOT MPUBE/ICHEI B
Tabiuue 2.
Taéanua 2.Ou3NK0-XUMUIECKUE CBOMCTBA OUUIIICHHBIX He(DTSIHBIX HAQTEHOBBIX KUCIOT

TIIOTHOCTS, P, KI/M 953.7
KoadurmenT npenomieHuns, ng 1,4663
CopnieprkaHue YMCTHIX HAQTEHOBBIX KUCIIOT, % (Macc.) 99,8
Kucnornoe uncino, MrKOH/r 235,7
MonexymsipHas Macca 237,7
Hopnoe uucno, mr ifoga va 100 r npo. 2,9
Bs3kocTh, MM%/c

npu 50°C, vso=27,08
npu 100°C, Vio =4,17

B kadecTBe MCXOIHOTO CHIPbS B3SATHIC XJIOPAHTUAPUABI HE(PTSIHBIX HA(PTEHOBBIX KHUCIOT
CHHTE3UPOBAJM MO W3BECTHOW METOIUKE B3aMMOJCHCTBHEM HE(PTAHBIX HAPTEHOBBIX KHCIOT C
TpEXXIIOpUCTHIM (hochopom.
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Tadauua 3. PU3NKO-XUMHUYECKHE CBOMCTBA XJIOPAHTUIPUAOB HE(PTIHBIX HAPTEHOBBIX KUCIOT

IIpenens Beikunanus, °C/xIla 80-160
Brixon, % (macc.) 90,3
TIIOTHOCTE p -, KI/M 1006,3
Kosddurment npenomienus, ng” 1,4543
Conep:xanue xiopa, % (macc.) 12,6
MonekynspHas Macca 273,7

3KCHepHMeHTaHLHaH qacTb
[Tonmyuyenus npenenbHBIX U HENpeAeabHbIX MOHO- M Ouc- 3¢pupoB He(PTAHBIX Ha()TEHOBBIX

KHUCJIOT Ha OCHOBE pEeakLUWW alWIMpOBaHUS XJOpPAHTUIpHUJA MOCIEAHUX € OyTaHIUOJIOM H

OyTHUHIMOJIOM TPOBOAMIOCH MPH PA3JIUYHBIX YCIOBUSAX. YCTAHOBJIEHO, YTO HPU MOJBHOM

COOTHOLIEHHH  XJIOPaHIuapua: quon:tpustunamun  (1:1:2), npu  temneparype 40-60°C wu

OPOAOIDKUTENBHOCTH peakuuu 90-120 munyT 06pazyrorcs MoHo- 3¢ups! (I u I1I) ¢ Beixogamu 65-

75%, a ipy COOTHOIIEHUH XJIOPAHTUIPHUI: TUOJ: TpUATUIaMUH (2,5:1:2) oOpa3yroTcst Ouc-aa yKThl

(IL, IV), c Beixogamu 70-80%.

1:1 /
——» RCOOR'OOCR (L
RCOCI + HOR'OH ——

2,5:1
——"" » RCOOR'OOCR (I, V)

Tne, R — magrenoBsiit pagukan, R’ = (CH2)4— (I, Ill), — CH>C = CCH2 - (11, IV)

BrisiBiieHO, 4TO TpH B3aMMOACWUCTBUM OyTaHAMONA M OyTHHAMONA C XJIOPAHTUIAPUAAMU
He(TAHBIX HA(QTEHOBBIX KUCIOT JUIS TOJABJICHUS MOOOYHBIX PEaKUUi allMIMPOBAHMS, PEaKIIUs
IPOBOAMJIACH B TPUCYTCTBUM TPUATHWIAMHUHA B cpeae pactBoputens — Oenszona (30% ot
peakuoHHOTo 006EMa). [Tpr 3TOM peakiyst IpOTeKaeT IIAAKO U A(PHUPHI MOTYIAIOTCS € BRICOKUMHU
BBIXOJaMH. B pHCYyTCTBUM TPUATHIIAMUHA PEAKIIUsS POTEKALT Yyepe3 00pa3oBaHMs KETOHOB U MPH
sToM BeiaeneHHbIid HCl cBsS3bIBaeTCS ¢ TPUAITHIAMUHOM IO CXEMe:

RCOCI +N(C,H) > R'CR" =C =0+ N(C H ); HCI
R'CR" =C =0+ HO(CH ,) ,OH — RCOO(CH ,),OH wmn
2R'CR" = C =0+ HO(CH ,) sOH — RCOO(CH ,) ,OCOR

Jloka3aHo, 4YTO TpH B3aUMOJACUCTBUM XJIOPAHTUAPUAOB HA(PTEHOBBIX KHCIOT C
TPUATUIAMHUHOM TIOJy4YalOTCS KETOHBI M JIUMEpbl KETOHOB C KOJIMYECTBEHHBIMU BBIXOJIAMHU.
KeToHbI Kak peakllMOHHOAKTHBHBIE BEIIECTBA B MOMEHT 00pa30BaHuUs B IPUCYTCTBUH CIIUPTOB, HE
ycreBasi IMMepHU30BaThCsl, 00pasyIoT ClIoKHbIE 3¢puprl. MoHO- a¢upbl He(TAHBIX
HaTEHOBBIX KHUCJIOT OyTaHAuona M OyTHHIMONA OBUTM TaKXe IOJyYeHbl B3aUMOACHCTBUEM
HaTEHATOB HATPHUsl C COOTBETCTBYIOIIMMM JUOJAMHU B YCJIOBHMSIX MeX(pa3HOro KaTajlu3a B
NPUCYTCTBUM — TpUATUIOeH3MIaMMoHuiixaopuaa (TOBAX).

RCOONa + HOR' OH —254X 5 RCOOR'OH (1, 1)
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rae, R — nadrenoBwiil pagukan, R = —SCHz =4 — !I:i — CH)C =CCH» — ‘III:
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HccnenoBanust MOKa3ajiy, YTO MOJNydyeHHbIE MOHO- 3¢upsl Oyranauona (I) nu Oyrunanona
(IIT) okuCHSIIOTCS B MPUCYTCTBUM OKUCIUTEIILHON CMECH, COCTOAIICH U3 XPOMOBOTO aHTHAPUIA U
CEpHOI KHUCIIOTHI ¢ 00pa30BaHMEM COOTBETCTBYIOIIUX KUCIOT ¢ Beixogamu 80-90% 1o cxeme:

R—COOR'CH,OH —&2!1230:_y RCOOR' COOH
(I-I11) (V, VI

I'ne, R — nadrenossiit pagukan, R’ =—(CH2)s— (V), —CH2C = C —(VI)

[TosryyenHble MOHOKapOOHOBBIE KUCIOTHI HadreHoBoro psana (V, VI) mo paszpaboraHHoi
HAMH paHee METOJHMKE B3aUMOJICHCTBYIOT C BMHWJIALIETATOM B NPUCYTCTBHM aleTata pTyTH U
TpéxpTOprCcTOro OOpa Ha OCHOBE PEAKIMH TIEPECBUHUIMPOBAHUS 00Pa3yOTCS BUHHIIOBBIC d(PHUPHI
cootBetcTBytomieit kucnotsl (VII, VIII) ¢ Berxogamu 65-80 %.

BF3-0(CaHs)2

RCOOR'COOH + CH3COOCH=CH; ——— RCOOR'COOCH=CH; + CH;COOH
(V,VD) (V1IL, VIII)

I'ne, R — madyrenoBerii pagukan, R’ = — (CH2)3— (VII), — CH2C = C —(VIII)

B ux UK cnekrpax (VII, VIII) uMeroTCs MHHTEHCHUBHBIE TIOJIOCHI TIOTJIONIEHUS B oOactu 1725-
1700 cm™! xapaxrepusie mis C=O cBA3M CIOKXHO-3QMPHOM IPYIIIEL, 8 TAKKE T10J10Ca HOTJIOCHHUS
B obnactu 1640 cm! xapakTepHble 1715 BaJeHTHBIX KOJIeOaHUiA 1BOIHOI CBSA3M BUHUIILHOM TPYIIIBI.
B UK cnekrpe (VIII) Hapsny c BbllIeyKa3aHHBIMM IOJIOCaMU IOIJIOIIEHUS MMEIOTCS MOJIOCHI
nornomeHus B oonactu 2230-2240 cm™! xapakTepHble 1715 TPOHHOM CBS3H.

bbutn ocyiecTBIEeHBI HEKOTOPhIE XMMUYECKUE MMPEBpaIlieHus ITHIUIWIOBEIX 3¢upo HHK

M0 OKCHPAHOBOMY KOJIbIy ¢ 00Opa3oBaHMEM HOBBIX MPou3BOAHBIX. ['nmunuauiossie 3¢gupsr HHK
ObUTH TIONTy4YeHbl B3aumoeiictBuem Oytunokcumdgpupa HHK ¢ smuxmoprugpuHoM B TPUCYTCTBHH
BF3(C2Hs)2 ¢ manpHEHIIMM JErHAPOXJIOPUPOBAHUEM OIYYEHHOTO XJIOPTUAPHUHA B IPUCYTCTBHU
LIEJI0YH TI0 CXEME:

BF3 -O(C2Hs)2

R-COOR’OH + CH2 - CH - CH2Cl
N oA

I, 11 O

BRI | R-COO(CH2)40CH2-CH-CH:CI %)R—COOR/OCH:—C\H-/CHz

OH (IX, X) 0

I'me, R — madrenoBsiit pagukan, R' = —(CHa)4 - (IX), -CH,C=CCHj - (X).

Crpoenue noxydeHHOTro rauiuamioBoro ddupa (IX) takke monrsepxkaeHo manabiMu K-
u [IMP-cnextpamu. B UK cnextpax nMmeroTcst ”HTEHCUBHBIE T0JI0CH ornomenus 3050, 1255, 910
u 860 cm™! xapakrepHble 1 dnokcuaHOM rpynnsl. B TIMP cnektpax nmerorcs npu O 4,45- 4,65

Mm.1. (2H, OCHz) u ipu 2,20-3,00 m.11. (M) OTHOCSIITHECS K TIPOTOHY 3MOKcuaHOTO pparmenta (3H,
CH-CH>)

N/
0

[Tomyuyennsrii rnumunuioBslid 3pup HHK  B3aumopeiictByer ¢ AMITHIAMHHOM B
MPUCYTCTBUM BOABI U PACKpPhITHEM OKCHpAaHOBOro Koiblia. B pesynprate oOpasyercs
cootBetcTBytouuit amunocnupt (XI, XII) ¢ Berxogom 80% macc.
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y C2Hs

R-COOR/OCHZ-C\H-/CHz o TR, g R—COOR/OCHZCHCHZN\

i C:H
(IX, X) 0 (XI, XII) OH 2

I'me, R — nadrenossrit pagukan, R'=—(CHb»)s - (XI), -CH2C=CCH; - (XII).
B IIMP criekrpax HaGJII0Aar0TCsl CUTHAIBL, OTHOCSIIHMECS K IPoToHaM 2,29-2,33 m.x. (M) [2H,
N-CH»-CHs].

Taxke, Ha ocHoBe riuiuawioBoro 3¢gupa HHK (IX) momydensr mpowusBoasbie 1,3-
muokcanana (XI) B3auMozeiicTBreM alleToHa Ha BBIMICONUCAHHOTO ThuieAnnoBoro a¢upa (1X) B
MPHUCYTCTBUH dpupara TpEXPTOPUCTOro O6opa ¢ 00pa3oBaHUEM IIEICBOTO MPOIYKTA C BBIXOJOM
70% 1o cxeme:

0
Il ” —
R-COOR’OCH:-C\H—/CH: + CH3-C-CH; —BE-O(CtbE 5 R—COOR’OCH:-ICH-(;Hz
(IX, X) ¢} (X111, XIV) O\ /O
CH3-C-CH3

I'ne, R — nadrenossIit pagukan, R'=—(CHz)4 - (XIII), -CH2C=CCH; - (X1V).

[Tokazano, uto ruapocunuiIrpoBanue BuHmIOBoro 3¢upa HHK npotekaer B mpucyrcTBuu
KaTaJIn3aTopa IUIaTHHAXJIOPUCTOBOJAOPOAHON KHUCIOTH B cpene a0coiroTHOro Oenszona mpu 80-
85°C ¢ o6paszoBanuem kpemuuiicogepxkarero s¢pupa HHK c Brixomom 75,8% 1o cxeMe:

C2Hs C2Hs
| |
R-COO(CH2)3:COOH=CH2 + H-Sli-CH?a —> R-COO(CH2)3COOCH2CH2 -Si-CH3
|
(VID) C2Hs (XV) C2Hs

I'ne, R — HadTeHOBBIH paguKa.

CrpoeHue TMOJIy4eHHbIX MNPOAYKTOB moATBepxkaeHO WK-cnexkTpalbHbIM aHaJIW30M H
naunbiMu [IMP. B UK cnektpe (XII) oO6HapysKeHbl HOJ0CH HOraomeHus B obmactu 1160 cm™!
XapaKTepHbIe JUIsl BaJeHTHbIX Kojebanuil C-O cBsA3M, MCUE3TU MOJIOCH! MOTJIOLIEHUS B 00JacTH
2130 u 3300 cm!' xapakrepHble I8 BHHMIBHON rpynmbl. Takske NPUCYTCTBYIOT MOJOCHI
TIOIJIONIEHUs CUMMETPUYECKUX e(opMalMoHHbIX Kodebanuii cBsasu Si— C npu 1240-1260 cm™.
B IIMP cnekrpax curaanst npu O 4,45 u O 1,35 m.x. xapakrepubie st ~OCH, u C(C2Hs), rpynm
COOTBETCTBEHHO.

BoIBOABI

Hamu nonmy4yeHHbIe XJTOpaHTUAPHUIBI HEPTSIHBIX HAQTEHOBBIX KUCIIOT, SBISIFOTCAI0CTATOYHO
peaKHI/IOHHOCHOCO6HHMI/I COCIUHCHHUAMU, a TaK XK€ 6ypHO BCTYIIAaKOT B TAKHUC PCAKIUHU, KaAK
peaKHI/II/I aIII/IJH/IpOBaHI/ISI. OTMGTI/IM, 9TO B pe3yJH>TaTe HpOBeI[eHHbIX peaKIII/II/I KaK BBaHMOﬂeﬁCTBHH
XJIOPpAHTUAPU OB Ha(l)TeHOBBIX KHUCJIOT C TPHUITUIIAMHUHOM 6BIJ'II/I IIOJIYYCHBI KCTOHBI U AUMCPbI
KCTOHOB. HonyquHHe n CI/IHTC3I/IpOBaHHBIe aBTOpaMI/I HOBBIC HpOI/I?;BOI[HI)Ie MOFyT HpI/IMGHSITBCSI,
KaK MTHTHOUTOPHI KOPPO3HH.
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NEFT NAFTEN TURSULARININ SINTEZI VO ONLARIN XASSOLOR-
ININ OYRONILMOSI
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XULASO

Tadqiqgat iiclin xammal kerosin-qaz neft fraksiyalarindan ayrilmis neft naften tursular1 olmusdur.
Magqalads istifado olunan xammalin fiziki vo kimyavi molumatlar1 verilir. Cive asetat vo bor
ticliifluorid eferatin istiraki ilo miivafiq tursulari vinil asetatla qarsiliqh tosirindon neft nafteninin vo
bozi tsiklik karboksil tursularin finil efirlorinin alinmasi tisullart iglonib hazirlanmigdir.
Gostorilmigdir ki, sintez edilmis doymamus efirlor ¢ox reaksiyagabil birlogsmolordir vo yeni
toromoalor amalo gatirmak iiciin hidrosilillosmo vo dien kondensasiyasi reaksiyalarindan daxil ola
bilirlor. Yuxarida gostorilonlori nozors alaraq, bu istigamotdo todqiqatlar davam etdirilorok, bu isdo
torkibindo miixtolif funksional qruplar olan neft naften tursularinin doymus vo doymamis efirlorinin
sintezi tisullar1 islonib hazirlanmis, onlarin kimyovi ¢evrilmolori vo antimikrob modifikasiya
xuisusiyyatlori do todqiq edilmisdir. Neftin naften tursularinin tursu xloridlori alinmisdir ki, onlar
cox reaksiyaqgabil birlosmolordir vo giiclii sokildo asillosmo reaksiyasina girirlor. Butandiol vo
butindiol glikol kimi istifado edilmisdir. Homginin, naften tursusu xloridlorinin iigliietilaminlo
qarsiliglt tosir reaksiyalar1 aparilaraq miqdari mohsuldarliginda
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ketonlar vo keton dimerlori alinmisdir. Ketonlar, reaksiya qabil maddolor kimi, spirtlorin istiraki
ilo amolo golms aninda, dimerlogmoyas vaxt tapmadan efirlor amolo gotirirlor. Sintez edilmis biitiin
yeni toromolordon korroziya inhibitorlar1 kimi istifado etmoyi tévsiyo edilir.

Acar sozlor: naften tursusu, tursu xloridlori, glisidil efirlori, butindiol.

SYNTHESIS OF PETROLEUM NAFTHENIC ACIDS AND STUDY OF
THEIR PROPERTIES

Shahmammadova Aida Gulaga', Xue Yang?, Cheng Long?

123 Azerbaijan State Oil and Industry University, Baku, Azerbaijan
! aida.aliyeval @gmail.com, http:/orcid.org/0000-0002-8795-7758

ABSTRACT

The raw materials for the study were petroleum naphthenic acids isolated from kerosene-gas oil
fractions. The article provides physical and chemical data of the raw materials used. By reacting the
corresponding acids with vinyl acetate in the presence of mercuric acetate and boron trifluoride
etherate, methods of obtaining phenyl ethers of petroleum naphthene and some cyclic carboxylic
acids have been developed. It has been shown that the synthesized unsaturated esters are very
reactive compounds and can undergo hydrosilylation and diene condensation reactions to form new
derivatives. Taking into account the above, researches in this direction were continued, in this study,
methods of synthesis of saturated and unsaturated esters of petroleum naphthenic acids containing
various functional groups were developed, their chemical transformations and antimicrobial
modification properties were also studied. Acid chlorides of naphthenic acids of petroleum have
been obtained, which are very reactive compounds and undergo strong acylation reactions.
Butanediol and butynediol have been used as glycols. Also, by reacting naphthenic acid chlorides
with triethylamine, ketones and ketone dimers were obtained in quantitative yield. Ketones, like
reactive substances, form esters at the moment of formation in the presence of alcohols without
having time to dimerize. The authors propose to use all new derivatives obtained and synthesized
as corrosion inhibitors.

Key words: naphthenic acid, acid chlorides, glycidyl esters, butyndiol.
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DETERMINATION OF RUBBER-CORD CONNECTION ON THE BASIS
OF LATEX SYNTHESIZED ON THE BASIS OF ETHYLENE-PROPYLENE
RUBBER

Fariz Ali Amirli', Kerem Sefi Shixaliyev?
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ABSTRACT

The purpose of this work: to obtain latex on the basis of ethylene-propylene rubber and to determine
the rubber-cord connection or rather its adhesion on the basis of it.

For the first time, EPR+PMMA latex was obtained by modifying it with methacrylic acid in order
to obtain latex based on EPR.

As aresult of the experiment, the kinetics of the modification process was studied. It has been shown
that when modifying EPR with MAA, the amount of acid should be 5 mass parts, and the co-
polymerization process should be carried out for 5 hours and at a temperature of 90°. An adhesive
bond with high physic-mechanical properties can be obtained by using a specially formulated
absorbent compound to enhance the rubber-cord bond. It was determined that the adhesion
relationship also depends on the thickness of the absorbent composition. As the density of the
impregnating composition increases, the wetting of the textile fibers with the composition decreases
and the contact strength with the rubber decreases significantly.

It was determined that the viscosity of the absorbent composition should be 5-8%. However, the
density of EPR+PMMA co-polymer in the used latex should not be lower than 10%. Only in this
case, the cord threads can be thoroughly soaked in the absorbent composition.

Keywords: methacrylate acid, poly methacrylate, latex, modification, adhesion, absorbent
compound, ethylene-propylene rubber.

