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PRODUCTION OF MELAMINE USING THE ELECTROLYSIS METHOD

Melamine is the most important raw material in the paint industry and in the production of plastics.
Melamine is also widely used in electrical engineering and textiles. Such widespread use has led to rapid
growth in melamine production worldwide. The products of the organic synthesis industry are used in many
fields and differ from other industrial products due to their different structure. Currently, the synthesis of
melamine is carried out at high pressures and high temperatures or in the presence of catalysts, which
complicates the technology.

In this article, the technology of obtaining melamine using the electrolysis method is studied. The
characteristics and schematic structure of the experimental device are presented. The synthesized melamine
was analyzed using IR spectroscopy and NMR spectroscopy to confirm its chemical composition and structural
properties. The IR spectra revealed characteristic peaks corresponding to primary amine groups and the
triazine ring, confirming successful melamine synthesis. The study demonstrates the feasibility and advantages
of using electrolysis for melamine synthesis, including reduced environmental impact and simplified
technological processes. This innovative method holds significant potential for industrial application, offering
a more economical and eco-friendly solution for the production of melamine and other organic compounds.

Key words: melamine, electrolysis, urea, ammonium chloride, IR spectrum, power source.
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D/1IeKTPO/IN3 dAiciMeH MeslaMUH eHaipy

MenamnH bosay eHepKacibiHAEri }aHe NaacTMacca eHAipiciHAeri eH MaHbI3/bl LWWKI3aT 60nbin Tabblnabl.
MenamnH sNeKTPOTEXHMKA MEH TOKbIMa 8HepKacibiHAe Ae KeHiHeH KonaaHbliaabl. MyHaal KeHiHeH KonaaHy
BYKiN anemae menaMmH eHAIPICIHIH, Kblngam ecyiHe akenai. OpraHuKanblk CUHTE3 eHepPKaCiBiHiH, eHIMAgePI
KenTereH cananapfia KOAAAHbINAAbl »KIHE KypblbIMbl 3pTypAi HonfaHApIKTaH 6Gacka eHepKacinTiK
eHiMOepAeH epeKkweneHeai. Kasipri yakblTTa MeNamMmH CUMHTE3i »KOFapbl KbICbIMAA XOHE Kofapbl
TemnepaTypaZa Hemece KaTa/nM3aTopaapAblH, KaTbICybIMEH Ky3ere acblpbliagbl, Oyn TexHONOrMAHbI
KMblHAATaabl.

byn MaKanaga 31eKTpOAM3 dAiCiMeH MelaMWH  afly TexXHONOrMACbl 3epTTenedi. IKCNepuMeHTTIK
KYPbINFbIHbIH CMMaTTaManapbl MeH CXeMasblK KypblabiMbl HepinreH. CuHTe3aenreH MenamuH XMMUANbIK
KypPambl MeH KypblabIMAbIK KacnmeTTepiH pactay YwiH WMK-cnekTpockonua xaHe AMP cnekTpocKonuAcsl
apKbinbl TangaHabl. VK cnektpaepi menammHHIH, CTTI CMHTE3iH pacTalTbiH BacTanKpl amuH TONTapbl MeH
TPUA3MH CaKMHaCbiHa COMKeC KeneTiH cunaTTamasblK WhiHAAPAbl aHbIKTaAbl. 3epTTey MenamuHAj CUHTe3aey
YWiH 31eKTpoan3ai nanhganaHyablH OpPbIHAbIAbIFbI MEH apTbIKLWbIAbIKTAPbIH KepceTedi, COHbIH, iliHAe
KOpLUafaH opTafa acep/i a3alTy KaHe OHaWNaTblAFaH TEXHONOMMANBIK TexHoNorMANap. byn MHHOBaAUMANBIK,
94iC MeNammH KaHe Backa Aa OpraHMKablK KOCbIIbICTapAbl OHAIPY YWIiH YHEMA] KaHEe 3KONOTUANbIK Tasa
WeLlim YCbIHa OTbIPbIN, BHEPKICINTIK KONAAHY YLWiH alTap/ablKTal aneyeTke ne.

TyliH ce3fep: MenammH, 3SNeKTPONN3, MOYEBUHA, aMMOHUI xnopuai, K cnekTpi, KyaT Kesi.
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Mpoun3BoACTBO MelaMMHA METOA0M 91EKTPONM3a

MenammH ABNAETCA BaXKHEMLIMM CbiPpbEM B JIaKOKPACOYHOW MPOMbIWAEHHOCTU M MNPOM3BOACTBE
nnactMacc. MenammuH TaKkKe LWMPOKO MUCMONb3YETCA B 3/IEKTPOTEXHMKE U TEKCTUIbHOW MPOMbILLAEHHOCTY.
Takoe WKMPOKOe NPUMEHEHME NpuMBENO K ObICTPOMY POCTy MPOM3BOACTBA Me/fiaMMHA BO BCEM MUpE.
MpoAayKuMa NPOMbILAEHHOCTU OPraHMYECKOro CMHTE3a MCMNOb3YETCA BO MHOTMX 061aCTAX M OTAMYaeTCA OT
APYrUX MPOMbILLJEHHbIX MPOAYKTOB CBOEM WMHOM CTPYKTYpol. B HacTosllee Bpemsa CUHTE3 MenamuHa
OCYLLECTBNAETCA NPU BbICOKMX AaBAEHUAX N BbICOKMX TeMMepaTypax UAM B MPUCYTCTBMM KaTasM3aTOPOB, YTO
YC/IOXKHAET TEXHONOTUIO.

B f@aHHOM cTaTbe M3y4YaeTca TEXHOIOMMA MNOAyYeHMA MeNaMMHa METOAOM 31eKTPOAM3aA. TpeacTaBieHb!
XapPaKTEPUCTUKM U CXEMATMYECKAA CTPYKTYPa IKCNEPUMEHTANbHOIO yCTpocTBa. CUHTE3MPOBAHHbIN MeNammH
6bl1 NpoaHaNM3MpoBaH ¢ nomollbto MK-cnekTpockonum n AMP-cnekTpoCcKoNMM ANnA NOATBEPXKAEHMA €ro
XMMMWYECKOTO COCTaBa M CTPYKTYPHbIX CBOMCTB. MIK-CNeKTpbl BbIABM/IM XapaKTepHbIe MUKW, COOTBETCTBYHOLLIMNE
NepPBUYHBLIM aMUHOTPYMNMNaMm M TPUA3MHOBOMY KOJIbLly, YTO MNOATBEPKAAET YCMNELWHbIM CMHTE3 MeNamuHa.
NccnepoBaHme Ae@MOHCTPUPYET OCYLLLECTBUMOCTb U MPEMMYLLIECTBA MCNOIb30BaHMUA 31EKTPOAN3A ANA CMHTEe3a
MeNaMMHa, BK/IOYAA CHUMKEHME BO3AEWCTBMA HA OKPYMKAIOLYHO cpeay WU ynpoLeHWEe TeXHOMOrMYEeCKMX
NPOLECCOB. ITOT WMHHOBALMOHHbLIA METOA, MMEET 3HAUMTE/IbHbIM MOoTeHUMan AA8 NPOMbILLAEHHOTO
npuMmeHeHuns, npeanaraa 6osee sKOHOMUYHOE W 3KOJIOTMYHOE pelleHMe AnA NPOM3BOACTBA MeflamuHa U
APYTNX OPraHNYECKUX CoeANUHEHNIA.

KntoueBble coBa: menamuH, 31eKTPOIN3, MOYEBMHA, XN0PWA aMMOHKA, MK-CNeKTp, MCTOYHMK NUTaHKWA.

Introduction

Melamine is a key organic chemical
intermediate with a wide range of uses. Melamine is
the most important raw material in the paint industry
and plastic production [1,2]. Products based on
melamine-formaldehyde are used for paper
production and furniture. The main use of melamine
in the wood industry is more than 70% of the total
consumption (Fig.1) [3]. The development of this

industry is determined by the availability of domestic
market capacity and the ever-increasing demand for
this product. Melamine is also widely used in
electrical engineering and textiles. Such widespread
use has led to rapid growth in melamine production
worldwide [4-8]. The chemical formula of melamine
(2,4,6-triamino,1,3,5-triazine) shows its structure and
shows some similarity with the benzene nucleus.
Both the benzene and triazine rings are characterized
by their stability [9].

Figure 1 — Furniture made on the basis of melamine
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Production of melamine using the electrolysis method

Melamine was first synthesized in 1834 by Lee
Bishi. Initially, the dicyandiamide method was used.
In this case, calcium cyanamide (CaCNy) is prepared
from calcium carbide (CaC,), calcium cyanamide is
hydrolyzed and dimerized into dicyandiamide, then
heated and decomposed. Due to the high cost of
calcium carbide, this method is not currently used. At
present, industrial synthesis mainly uses urea as a raw
material [10,11].

6(NH2)2CO = CzHeNg + 6NH3 + 3CO»

According to different reaction conditions,
synthesis processes can be divided into high-pressure,
low-pressure and atmospheric-pressure methods.

1. In the production of melamine by the high-
pressure method, dissolved urea is usually sent to the
compression breaker under a pressure of 8-9 MPa and
then enters the synthesis reactor: in addition, liquid
ammonia is under a pressure of 8-9.5 MPa [12]. The
temperature is heated up to 400 °C. A catalyst is not
involved in this.

2. Inthe production of melamine through a low-
pressure process, the reaction takes place under a
pressure of 0.1-1.0 MPa. The temperature will be up
to 170-200 °C. Catalysts are used in this.

3. In the production of melamine by the
atmospheric pressure method, ammonia gas from the
synthetic ammonia section, pressure 0.10-0.15 MPa,
is sent directly to the melamine section. After
preheating to 350-400 °C with steam and molten salt,
ammonia is used as gas fluid layer carrier. A catalyst
is also used in this method [13,14].

Materials and Methods

These methods complicate the technology
because they are carried out at high pressures and
high temperatures or in the presence of catalysts. In
addition, secondary products released after the
reaction, toxic gases and dirty water cause
environmental pollution.

The method we recommend involves the use of
electrolysis in the synthesis of melamine. The
structure of the device is shown in Fig. 2.

Graphite, a material with good electrical
conductivity and easy processing, was used as the
cathode and anode electrodes. Urea and ammonium
chloride are poured into the electrolyzer and the
process of obtaining melamine at different current
densities is studied.

Results and discussion

In the experiment, the composition and structure
of the synthesized substance was studied using IR-
spectroscopy and NMR-spectroscopy method.
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IR-spectroscopy analysis

IR-spectroscopic analyzes were carried out on a
Shimadzu IR Tracer-100 instrument manufactured in
Japan. The presence of various functional groups in
the samples was studied in the frequency range of
400-4000 cm™? [15,16]. IR spectroscopic analysis is
widely used to determine the presence of appropriate
functional groups in substances. The greater the
amount of these functional groups, the higher their
intensity.

NMR spectra were determined on a JNM-
ECZ600R spectrometer made in Japan at 600 MHz in
DMSO-d6+CCl, solutions for *H. TMC (0 ppm) was
used as standard in *H NMR spectra. For C, it was
determined at a frequency of 150 MHz. In NMR
spectra, the chemical shift of the solvent was taken
into account as a standard. *H NMR and *C NMR
spectral analysis are two important analytical
techniques used to study the structure of organic
compounds. The melamine peak was seen at 5.47;
3.4; and 2.5 ppm because of rapid proton exchange
with the solvent proton on the NH> groups. The high
signals at 149.8 and 159.9 ppm in the *C NMR
spectrum may belong to the triazine moiety of
melamine. The results of this analysis confirm the
formation of melamine.

The IR-spectrum of the substance obtained by
the electrolysis method is presented in Fig. 3. It can
be seen that the valence vibrations of the primary
amine groups of melamine are located in the region
of 3468 cm™ and 3417 cm™. The valence vibrations
of the NH bonds located in this interval are intense
and have a narrow band in the independent state.
Vibrations of the 1,3,5 triazine ring are observed in
the region of 1622; 1525; 1463 and 1431 cm™. The
results of this analysis confirm the formation of
melamine.

wun

1 is electrolyzer, 2 is reactive substances, 3 is
cathode, 4 is anode, 5 is ammeter, 6 is voltmeter, 7 is
power source.

Figure 2 —Schematic structure of the device
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Figure 3 — IR spectrum of melamine synthesized by electrolysis method

NMR-spectroscopy method

This method is a radiospectroscopic method
that studies the interaction of matter with
radiofrequency radiation. This method is based on the
phenomenon of magnetic resonance, the phenomenon
of resonant transitions between the magnetic energy
levels of atomic nuclei in an external magnet [16,17].
The PMR method is used to study the molecular
structure, dynamics of intermolecular interactions,
chemical reaction mechanism and quantitative
analysis of substances. The substance to be studied by
the NMR method must have diamagnetic properties.
The nucleus of the atoms of matter must have
magnetic properties, that is, the nuclear spin must be
different from zero.

NMR spectra were determined on a JNM-
ECZ600R spectrometer made in Japan at 600 MHz in
DMSO0-d6+CCl, solutions for *H. TMC (0 ppm) was
used as standard in *H NMR spectra. For *3C, it was
determined at a frequency of 150 MHz. In NMR
spectra, the chemical shift of the solvent was taken

into account as a standard. *H NMR and *C NMR
spectral analysis are two important analytical
techniques used to study the structure of organic
compounds. The melamine peak was seen at 5.47;
3.4; and 2.5 ppm because of rapid proton exchange
with the solvent proton on the NH; groups (Fig.4).
The high signals at 149.8 and 159.9 ppm in the *C
NMR spectrum may belong to the triazine moiety of
melamine. The results of this analysis confirm the
formation of melamine.

Conclusion

Synthesis of melamine using the electrolysis
method has several advantages over traditional
methods used in industry. We don't need high
pressure or high temperature. We do not use complex
multi-step technology.

Therefore, in the future, it is necessary to
introduce the use of the electrolysis method in the
synthesis of melamine and other organic substances
on an industrial scale.
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Figure 4 — NMR spectrum of synthesized melamine
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