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CATALYTIC SYNTHESIS OF ADDITIVES
AND ECOLOGICALLY PURE FUEL

Abstract. The work purpose - development of a catalytic method of synthesis of the octane- raising component
of additives — diisopropyl ether (DIPE) and catalytic systems for synthesis of environmentally friendly fuel —
dimethyl ether (DME) from methanol. As carriers of catalysts the block metal carriers with a honeycomb structure of
channels are used. Processes are studied with an atmospheric pressure. Synthesis of DIPE was investigated on
catalysts of various acidity. Optimum composition of catalysts for synthesis of DIPE — on a basis of molybdenum -
and nickel-containing compounds. DIPE yield in the interval of optimum temperatures (250-300°C) was equal to
62.0-68.5%. At methanol dehydration in DME were used the catalytic systems of various content, in particular, on
the basis of zeolites. Activity of H-ZSM-5 with the module SiO/Al,05;=32 of the catalyst was within 80-82%, after
30 hours of work an efficiency of this catalyst has decreased by 20%. Productivity of the zirconium of H-ZSM-5
zeolite modified by oxide is more, than on the Cu and Ni oxides which are contained in zeolites also was equal to
84%. Dehydrating ability of the ZrO-ZSM-5 catalyst within 36 hours was remained at the level of 74%. The
superficial promotion of block catalysts oxides with nickel and zirconium allows to keep activity to 90% (on DME).
Rare carth elements in the catalyst (La-Y, Ce-Y, Nd-Y) stabilize its activity. The highest selectivity on DME
(97.4%) was revealed for sample La-Y. For vanadium-molybdenum catalyst supported on alumina, the maximum
yield of DME - 87% at 300°C. The developed highly effective catalysts allow synthesizing the DIPE to yield up to
65-68.3% and reaching the selectivity to DME with 85-97%.

Keywords: motor transport, alternative fuel, additives, dimethyl ether, diisopropyl cther, catalysts, metal
blocks.
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KATAJJUTUYECKHWIA CUHTE3 ITPUCAIOK
N OKOJIOTTHYECKNUYUCTOI'O TOIIJINBA

Annoramusi. Llems paboThl - pa3paboTKa KATAMUTHYECKOTO METOJA CHHTE3d  OKTAHOIOBBIMIAOIIETO
KOMITIOHEHTAa  NPHCATOK — gumsompomnmiuoBoro 3¢mpa (JUIID) m xaraimThyecKWX CHCTEM Al CHHTE3a
SKOJIOTHYCCKH YHCTOTO TOIUTHBA — JUMCTHIIOBOTO »dupa (JIMDI) m3 meraHonma. B kauecTBe  HOCHTEICH
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H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

KaTaIn3aTropoB HCIIOJIL30BAHBI OJOYHBIC METAIIMYCCKUEC HOCHTEIHM C COTOBOHM CTPYKTYpOH KaHamoB. [Ipomeccsr
n3y4eHsl pu arMoceprHoM Aasneanu. Cuares U3 mccnenosamm HAa KaTaau3aTopax Pa3IHMIHOW KHUCIOTHOCTH.
OnTuMansHBIA cOCTaB Karamm3aropo mmi cuateza JUID — Ha OCHOBE MOIMONCH- M HHUKEIHCOACPIKAIIHX
coemuueHmit. Berxox JUIID B obmactu onruMamsHbIX Temmeparyp (250-300°C) cocraBman 62,0-68,5%. Ilpu
JETHApaTanyul MeTanona B JIMD HCIIONb30BaIH KAaTAIUTHYCCKUE CHCTEMbI PA3IMYHOTO COCTaBA, B YaCTHOCTH, HA
OCHOBC 1e0UTOB. AKTHBHOCTh H-ZSM-5 ¢ Momymem SiO/Al,0,=32 karammsatopa 6sr1a B mpeacmax 80-82%, mocie
30 waco paboTel 3((PeKTHBHOCTH 3TOTO Kartamm3aropa cHm3mwiack Ha 20%. [Ipom3BoamTeIBHOCTH
MOAH(PUIMPOBAHHOTO OKCHAOM IHpPKOHMSA neosmTa H-ZSM-5 6ombine, yem Ha okcuaax Cu u Ni, comepskammxcs B
neommrTax, U cocraBmaet 84%. Jeruapartupyromas cnocoOHOCTH karanmm3aropa ZrO-ZSM-5 B TeucHHe 36 4acoB
coxpaHsaeTca Ha ypoHE 74%. [TOBCpXHOCTHOC MPOMOTHPOBAHHE OJIOYHBIX KATATH3ATOPOB OKCHIAMH HHUKCIA H
OUPKOHUS MO3BOJLICT COXPAHATH aKTHBHOCTH 110 90 % (mo JIMD3). PenkoszeMenbHBIC 3IeMCHTH B Katamm3atope (La-
Y, Ce-Y, Nd-Y) crabumsupyer ero aktuBHOCTh. Hanbompmast (97,4%) cenexruBrocTh Mo IMD v o0pasma La-Y.
Ha Mom0OacH-BaHATHCBOM KATAIM3aTOPE, HAHCCCHHOM HA OKCHI ATFOMHHHS, MAKCHMANBHBIH BhIxon MO - 87%
npu 300°C. Pa3paboranubic BBICOKOI(P(CKTHBHBIC KATAMH3ATOPBI MO3BOLIOT cUHTE3HpoBars JUID ¢ BBIXOZOM
10 65-68,3% u JIMD ¢ CeneKTUBHOCTBIO 10 85-97%.

KoueBnbie cj0Ba:  aBTOTPAHCIIOPT, ANBTCPHATHBHOC TOIUIMBO, IPUCAAKW, JHMETHIOBBIT 3(wup,
JUH30TPOIHIOBEIA 3(QUP, KATATH3aTOPBI, METAJUIMYCCKHE OJIOKH.

Beeaenne

ABTOTPaHCIOPT - OAWH M3 KPVIHCHIIMX 3arps3HUTEICH OKpykaromeH cpexsl. B macmrabax
pecIyONnuKH A0S ABTOTPAHCIIOPTA B CYMMApPHBIX BEIOPOCAX 3arps3HSIOIINX BEIICCTB B aTMOCHEPY BCEMHU
TCXHOICHHBIMH UCTOYHHUKAMH gocturacT B cpeanem 40-45%. s 310poBbs HaceacHHUS HAHOONBIIYIO
OMACHOCTh MPEACTABIIIOT BEIOPOCH! ABTOTPAHCIIOPTOM KaHLICPOTCHHBIX BELICCTB (caxka, OCH301, CBHUHEL,
1,3-0yTagueH) u OmacHbIX OPraHUYCCKUX BeIIecTB ((hopMaibAerua, akpoICHH, TOIYOl, KCutonsr) [1-4].
Hcnonp3oBanue ambTepHATUBHBIX 3KOJOTHUCCKU OONEE YHCTHIX BHAOB MOTOPHOTO TOIUTHBA - OJUH U3
OCHOBHBIX MYTCH CHIDKCHHUSI HETATHBHOTO BIHSHHS aBTOMOOWIS Ha SKOJOTHIO. IHTEHCHBHBIC Pa0OTH B
3TOM HANpaBICHUHM BEAYTCA BO BCEX Pa3BHUTHIX CTpaHax Mupa. Beaymue mupoBbIe aBTOMOOHIBHBIC
KOHLICPHBI HHBECTHPYIOT MUIJLIHAPABI JOJUIAPOB B PA3BUTHE TPAHCIIOPTA M TEXHOJIOTHH aIbTCPHATHBHBIX
BHUAOB MOTOPHBIX TOIUTUB M HUCTOYHHKOB SHeprud. Tak, Hampumep, B bpaswmn 60% asromobuieit
paboratoT Ha GuostaHoie, B Utammu - okono 1,5 MmH. aBroMOOWIEH HCHONB3VIOT MpOHaH - OyTaH, B
Aprenrune - 6oaee 800 Thic. aBTOMOOMICH PAabOTAIOT HA TPUPOTHOM rase. Cpenu MHOXKECTBA
BAPUAHTOB ATbTCPHATHBHBIX BHAOB TOILIHMB Hambonee 3>GQEKTHBHBIA PE3yIbTAT AOCTUTACTCS NPHU
YACTUYHOW 3aMEHE TPAAWMIHOHHBIX BHIOB MOTOPHOTO TOIUIMBA HA NMPHPOIHBIA ra3 M CHHTCTHUCCKHUC
JKHIKUE YITEBOIOPOABI, MOMYYACMBIC W3 NPUPOAHOrO rasa M3-3a CBOCH HH3KOH ceOECTOMMOCTH H
MIPaKTHYECKOM HEOTPAaHWUICHHOCTH pecypca ans crtpassl [5,6]. Mcmonp3oBanne B KauecTBE MOTOPHOTO
TOIIMBA MCTAHA, MPOMNaH - OyTaHa, TUMETHIOBOTO 3(Hpa MO3BOIET YMCHBIIUTE BEIOPOCH! B atMochepy
OKHCH VIJICPOJAA, YIICBOAOPOAOB U OkucH a30ToB Ha 30-70% mo cpaBHCHHIO ¢ OOBIYHBIMH KHIKUMH
MOTOPHBIMH TOITHBaMH. OCHOBY BEIOPOCOB JU3CIBHEIX ABHrareich, paboTarmux HA TPATULIMOHHBIX
BHAAX JU3CJIBHOTO TOIUTHBA, COCTABILIOT OKCHIBI a30Ta - CAMBIC arpeCCHUBHBIC M3 BCEX KOMIIOHCHTOB
OoTpabOTaHHBIX TA30B, 4 NMPU HCIOIB30BAHUH B TOPOJCKOM XO3SICTBC AW3EIbHBIC ABHraTeiau 0Oojce
SKOHOMHYHBI, MO-BUANMOMY, OONBIIOC BHUMAHHEC OyJET VYACICHO 3aMCIICHHUI0 TPAXHIIHOHHBIX
JU3CBHBIX TOILIUB HA AuMETHIOBbIH 3¢up (AM3I) [7-10]. IMD obnazaet ueasiM psaoM MPEHUMYIICCTB
MO CPABHCHHIO C APYTHMH ATbTCPHATUBHBIMHU TOIUTUBAMH U JAXKE AU3CIBHBIM TOILUTUBOM MO CICAYVIOLINM
nokaszaressM: 1) XUMHUYEeCKHM:- OTCYTCTBHE BAICHTHBIX YITIEPOA - VITICPOIHBIX CBA3CH, UTO TMOHMXKACT
CKJIOHHOCTB K CaXke0Opa30OBaHUIO MPU FOPCHUH, - COACPIKAHUEM OKOJI0 35% CBA3aHHOTO KHCIOPOIA, YTO
MPUBOJUT K MOYTH MOTHOMY VCTPAHCHUIO OBIMHOCTH BBIXJIOIHBIX [Aa30B; - BHICOKOC LIETAHOBOC YHCIIO
Y = 55-60 (nmo cpaBuenuto ¢ LU = 45-50 ams Au3eqbHOrO TOILIHBA), KOTOPOS OOYCIABIHMBACT
OTIMYHYIO CAMOBOCIUIAMCHAEMOCTh B YCIOBHAX LMIHHIApA Au3elsd, 2) Qusmyeckum: - xoporas
HCTHAPSIEMOCTBI0, YTO TPUBOJUT K OBICTPOW rasu(puKauyy BIPHICKHBACMBIX B LHJIHHAPH TOILTHMBHBIX
CTPYH, 3) KOJOTUYCCKHAM: - CHIKCHHE YPOBHS BHIOPOCA BPEIHBEIX BBIOPOCOB € BBIITYCKHBIMHU Ta3aMH IO
OKCHJAAM a30Ta - B 3-4 pasa mpu mMpaxTHUYCCKU OC3ABIMHOM BBIXJIONE HA BCEX pekumax padotel. Takum
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