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B npegnaraemont pabote Hamu pacCcMOTpPeH cuHTe3 mMoHornapata N-metunMopdonuH-N-ok-
cuga (NMMO) 1 npepanoxeHa TexHOMorust ero cuHtesa. lMpepnaraemas TexHonornyeckasi cxema no
cuHTedy NMMO BHegpeHa B MHcTUTyTe npuknagHomn xumun Apmenun (APUAK).

Puc. 1, 6ubn. ccbinok 9.

Panee [1] obcy>kpancga mpoljecc CUHTE3a OCHOBHOTO MCXOAHOTO ITPOAYK-
Ta N-MeTuAMOpdOANHA 1 ¢ IeAbl0 MOAy4YeHMud U3 Hero N-MeTUAMOP(OAMH-
N-okcupa (NMMO) 2. B kauecTBe BIOAHE pearbHOUW aAbTE€pPHATHUBBI BUCKO3-
HOMY IIPOU3BOACTBY OBIA NPH3HAH TEeXHOAOTWYECKHM IIPOoIlecc, BKAIOYAlo-
1M B cebsg pacTBOpPeHHE APEBECHOMU IIEAAIOAO3BI B CUABHO IIOAIPHOM Opra-
HUYECKOM pacTBoOpUTrere AoHOpHOro tuna — NMMO [2, 3]. Vicnoab3oBaHMe
TIOCAE€AHEro B KadecTBe KaK PacTBOPUTEAS], TaK U peareHTa HaXOAUT Bce 06o-
Aee NIMPOKOe IIpUMeHeHHe B TOHKOM OpraHndeckoM cuHTese [4-7]. Ucxopa
M3 BBIIIEYKA3aHHOIO pa3paboTKa TexHoaoruu cuHTeda NMMO (MoHOruppa-
Ta) ABASETCI aKTyaAbHOM 3apadel B XMMHUYECKOW IIPOMBIIIA€HHOCTH.
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PesyabTarsl U HX 00CyKIeHHe

[MepBas cTapus mporiecca, 3aKAIOYAIOMasicsl B OKMCAeHUU N-MeTUAMOP-
doAMHA TTepeKUChIo BOAOPOAA IIpu TeMIlepaType 70°C B TeueHue 2-6 u, B AU-
TepaType XOpOIIO u3BecTHa [8, 9].

O (@]
H,0,
() [ Jwo
N A N,
| / o
1 2

Bropasi ctapmsa mporjecca — 00€3BOKMBAHHME IIPOAYKTa 2, OIMCAHHAs
AsxkonnakoM U KocBUKOBOM [8] ¢ MCIOAB30BaHMEM B KaudeCTBe a3eoTpona
OeH30Ma, HecCOBepIlleHHa M He oOecleudBaeT IIOAYUYEHMS KPUCTAAANYECKOM
dopmel NMMO, T.e. NMMO (MOHOTHApPAT) He UMeeT TOBAPHOTO BHAAQ.

Bropoil >ke MeTOpA, IIPEAAOKEHHBIM bBpapckuM, BKAIOUaeT B cebda
kpuctasnzanmio NMMO B BLICOKOKUIAIEM AuMeTHAGoOpMamMuae [9].

Hamm >xke 06e3BOXKHBaHUE KOHEYHOI'O ITPOAYKTA OCYIIECTBASIETCSI OTTOH-
KOM BOABI oA BakyyMoM (30 mm pm cm) npu Temuepatype 85-90°C. Tlocae
NIpeKpallleHuss OTTOHKU BOABI ropsiuuii mpoAyKT NMMO u3 HuKHeM 4acTu
peakTopa CAMBAeTCd B alleTOH, M IIoAy4aeTcsd Oenrass KpUCTasrndeckas Gop-
Ma NMMO (MOHOTHMAPAT), KOTOPYIO HAIIPABASIOT Ha (PUABTPAIIUIO U CYIIKY.

Brixoa moHormapaTta 2 coctaBageT 70-80% (T.ma. 74-76) [8,9]. CmekTtp
AMP H, §, m.a.: 2,22 (c, 3H, CHj3), 2,33 [m, 4H, N-(CHy),], 3,63 [m, 4H, O-
(CH9)9], 4,2 (umic., 2H, OH). OOpaTHBIN alleTOH MOCAe pereHeparud MO>KHO
CHOBA UCIIOAB30BATh B IIpolecce BbipereHuss NMMO.

BKCIIepI/IMeHTaJIBHaﬂ 4acTb

Onucanne TexHojgorn4eckoi cxemol. B peaktop Nel m3 MepHmka Ne2 mo-
aaetcs 21 a2 (d-0.92 2/CM3) 4-meTuamopdoauHa. [Tocae mopauu MopdoanHa 1
peakTop HarpeparoT mapoMm. Koraa Temmneparypa B peakTope pocturaet 70°C,
Harpes IIPEKpalaloT W HAaYMHAIOT II0AAYy M3 MepHuKa Ne3 16.5 7 mepexkucu
BOAOPOAA (34%, d-1.13 2/cm®) ¢ Takoit CKOPOCTBHIO, UTOGHI TeMIlepaTypa peak-
IIMOHHOW cMecHu He npeBhiliara 73°C. TeMIepaTypy B peakKTOpe MOJKHO TakK-
>Ke peryAupoBaTh, OAHOBPEMEHHO II0AABas B PyOAalllIKy peakTopa XOAOAHYIO
Boay. [locae mopaum pacCUMTAHHOTO KOAMYECTBA ITEPEKUCU BOAOPOAA B Te-
yeHHe 2-3 y MPOAOAJKAIOT IlepeMelInBaTh Npu TeMmneparype 70°C eme 3-4 u.
OxXAakpQIo0T, IPOBEPSIOT IIOAHOTY IIpeBpalenus HyO, (mpoba ¢ KI), mpoMel-
BaloT areToHoM 2 pasa (15-20 x). MacaooOpa3HBIM TPOAYKT U3 HUKHEN
4acTU peakrTopa Nel OTAeAdIOT U HAPABASIOT Ha KOAOHKY NeS AAg OTTOHKM
BOABI TI0A BakyyMmoM. [locae mpekpallleHus IIeperoHK:d BOABI MacAaoobpas-
HBIY IPOAYKT IIpu TeMIlepaType 80-90°C BBIAMBAIOT B HO3UIlMi0 NeG, HAIOA-
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HeHHYI0 20 7 anjeroHa. OOpa3oBaBmmuecs Oeable KpucTammbl NMMO Hanpas-
AFIOT Ha (DUABTPALAIO M CYLIKY IIOA BaKyyMoM. Temmeparypa cymku 50°C.
IMoayuatoTr 19.3 ke (70-80%) N-meTnAMopdoanH-N-oKcHAa 2 ¢ TeMIepaTypoH
nraBaeHUs 74-76°C. OOpaTHBIA aleTOH U BOAY IIOCAE peTreHepaliy MOJKHO
CHOBA MCIIOAB30BaTh B IIPOIlecce.

TexnoAOTHYeCKasd cxeMa NOoAydeHUs N-MeTUAMOPPOAMH-N-OKcHpa (MoO-
HOTHAPATa) 2 MpHUBeAeHa Ha PUCYHKe.
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Puc. TexHonornyeckasi cxema npouecca cuHTesa N-metunmopdonuH-N-okcnaga (MoHorngpa-
Ta): 1 — peakTop; 2 — MepHUK MopdonuHa; 3 — mepHUuk H,Oz; 4 — MEPHUK aLeToHa; 5 — pekTu-
dukaLmoHHas konoHka; 6 — ocagutensNMMO; 7, 8, 9 — koHaeHcaTopbl, 10 — NPOMEXYTOYHbIN
cocya.

IlpepraraeMass TexHOAOTHYECKAA cxeMa II0 cuHTe3y NMMO (MmoHOrHMApa-
Ta) BHeppeHa B VMIHCTUTyTe NpuUKAapHON xuMuu ApmeHuu (APUAK).

Pabora BBIMOAHeHa IIpu (PUHAHCOBOM IIOAAEP’KKe ['0CypapCTBEHHOTO
KOMHUTeTa [0 Hayke MwuHHCTepcTBa OOpa3oBaHUsA U HayKud PecnyOAauku
Apmenuda (mpoekt NeSCS 15T-1D348).
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As an alternative to the viscose production, some amount of the cellulose fibers are
produced by the lyocell process by dissolution of cellulose in a polar organic solvent —
N-oxide of N-methylmorpholine (NMMO) which has strong donor properties, forming
hydrogen bonds with cellulose molecules, leading to swelling and dissolution. The area
of usage of NMMO involves also its usage as a co-oxidizing agent in fine organic
synthesis as well. Thus the development of the technological process for the synthesis of
NMMO is an actual issue for the chemical industry.

The first stage of the process — oxidation of N-methylmorpholine by the hydrogen
peroxide at the temperature of 70°C for 2-6 hours is well known in the literature.

The second stage is the crystallization of the product — NMMO monohydrate from
the obtained aqueous solution. The procedure described in the literature, with the
application of azeotropic distillation of water with benzene is not applicable for the large
scale production as the final product is not sufficiently pure and does not have a
marketable condition i.e. the NMMO monohydrate is not obtained as crystals. Other
method suggests the usage of high boiling DMF for the crystallization.

For the crystallization of NMMO we suggested the alternative way, by simple
pouring of the reaction mixture from the bottom valve of the distillation apparatus into
acetone, the white crystalline form of NMMO monohydrate is obtained. The regenerated
acetone can be further used for the precipitation of NMMO.

The presented technological scheme of the synthesis and precipitation of NMMO is
implemented in the Armenian Institute of Applied Chemistry (ARIAC).
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