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Karanurnyeckoe ruapuposanue pypdypoia

B CIMPTOBBIX Cpeax

N.J1. CumakoBa®, B.E. Tapa6anbko®®,

M.IO. Yepnsk®, A.A. Kongpacenko®, M.H. CumoHoB*
“Uncmumym xamanuza um. I'K. bopeckosa CO PAH
Poccus, 630090, Hosocubupck, np. Ax. Jlagpenmvesa, 5
SUncmumym xumuu u xumuueckoti mexnonoeuu CO PAH
Poccus, 660036, Kpacnoapck, Axademeopoook, 50/24
‘Cubupckuii ghedepanvhbviil yHUSEpCUmMem

Poccus, 660041, Kpacnospck, np. Ceoboonwiii, 79

Hzyuen npoyecc eudpuposanus @ypdypora 6 cnupmogvix cpedax Ha MeOHO-PYMEHUEBbIX U
naamunogulx Kamanuzamopax. Iloxazano, umo 6 pacmeopax yYCMAaHAGIUBAEMCS PABHOBECUE
dyppypon — ayemans yppypona, u eudpupyromces oba smu eewgecmaa. I uopoeenonus ayemaneu
daem arkungypgypunosvie s¢pupel ¢ cerexkmusnocmoio 00 30 u 60 % na naamMuHoOBbLIX U MEOHO-
pymenuegulx Kamanuzamopax coomeemcmeenno. Cpedu Opysux NpoOYKmos o00pasyomcs
dypdypunosuiii cnupm u 2-memuaypan. Ha niamunoswix kamaiuzamopax o6pa3yiomesi maxoice

mempazudpodyparnossie ananozu ayemanei, Qyppypuirogoeo cnupma u 2-wemuipypaua.

Knrouesvie cnosa: ¢hypgdypon, nponanon, 6ymaunon, ayemanu @Qyp@ypona, nponuidyp@ypunogwiii
aup, 2-6ymoxcumemunypan, uopuposanue, Kamaius, MeOHO-pymeHuesvle Kamaiuzamopul,

niamuroevle Kamaiuzamopbvl, buomonausa.

BBenenue

ITepepaboTka BO30OHOBISIEMOr0 PACTUTENIBHOTO CHIPhS B OMOTOIUIMBA — MHTCHCHBHO pa3BH-
BAIOIIAsICS 00J1aCTh XUMUYECKUX U OMOTEXHOJIOIMUECKUX HCCICAOBaHUMH, PyHIAMEHT XMMHUECKUX
TexHoJorui Oynymero. IIpogyKTel Takoro THIA HONYy4aroT JHO0 OHMOXMMHUYECKHMH METOIaMH
(3TaHoi, OyTaHOI U Ap.), THO0 XMMHUYECKHUMH (POAYKTHI MUPOJIN3A, THAPOIH3a U Ap.). KucioTHo-
KaTaJUTHYECKUE MPOIECCHl MPEBPAICHNs TeKCO3HBIX YIJIEBOIOB XapaKTEPU3YIOTCSl CPAaBHUTEIHHO
OOJIBLIMMH CKOPOCTSIMU 10 CPABHEHUIO € (DEPMEHTATUBHBIMU U y3KUM HaOOPOM NMPOAYKTOB (B OCHOB-
HOM, 5-THIPOKCUMETUIPYPpDYpOI U IEBYTHHOBAS (4-KETOIICHTaHOBAs) KUCIOTa U uX ddupsl [1, 2]).
Y3kuit HA0OP MPOJYKTOB BBITOJHO OTIMYAET IPOLIECCHI THIPOIHM3a OT HUPOIUTHUECKUX TEXHOIOTHH.
Karanutnueckum rupupoBaHHUEM Ha3BaHHBIX IPOIYKTOB U UX 3()UPOB MOIYHAIOT NIEPCHEKTHBHbIE
no0aBku k OeH3uHaM (2,5-numetuidypan, okraHoBoe uncio 119) [3, 4] u auzensHbIM TOLINBaM (Oy-
THJUJICBYJIMHAT, Oy THIIBAJIEPOAT).

buoronnusa Ha ocHoBe dypdyposa, BecbMa JOCTYIHOIO IPOIYKTa KUCIOTHO-KAaTaIUTHYECKOM
KOHBEPCHH IIEHTO3HBIX YTJIEBOJOB, TOJIBKO HAUMHAIOT pa3pabaTsiBaThest B Poccnn, B TO BpeMs Kak 3a
pyOeKOM yiKe BEAyTCS HHTCHCHUBHBIC pa3padboTku [3, 5, 6]. CiaenyeT OTMETUTD, YTO CEIbX030TXOIbI

TPaBSHHUCTHIX PACTCHH, U3 KOTOPHIX MonydeHue pypdypona Hanbonee 3pPeKkTUBHO, MOTYT OBITH
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JICLIEBIIE IPEBECHBIX OTXO/IOB, U3 KOTOPBIX MOXKHO NONy4ath S-rugpokcumetuindypdypoi [7]. Onun
13 HanOoJsiee NEepCIEeKTUBHBIX MPOAYKTOB ruapupoBanus gpypdypona, 2-metundypan (OY 131), B
cMecH ¢ OEH3MHOM YCIIeNIHO npouies fopokHble ucnsitanus (90000 kM) [3]. BelcokuM OKTaHOBBIM
guciiom (134) xapakrepusyetcst QypQyprioBsiid ciupt [§].

[Toka3ana BO3MOXHOCTbH CHHTE3a 2-3TOKCUMeTHIQypana (3Tuiadypdypuiossiii 3hup) ¢ BbIXO-
oM 30 — 50 % npsAMBIM ankunupoBaHueM ¢GypQypHIOBOTO CIIMPTA MOA ASHCTBHEM LEOJIUTHOTO U
CEPHOKHUCIIOTHOT'0 KaTaJIM3aTOPOB U ompezenieHo ero okranosoe yucio (OY = 110) [5]. Ouenens! okTa-
HOBBIC yncia OyTmidypdyprnoBoro u nporuidypdypuroBoro 3¢pupoB — 98 u 113 cooTBEeTCTBEHHO
[9]. CnenyeT OTMETHTh OHO IMPEHMYIIECTBO aNKUIAPYPDYpPUIOBEIX 3(DUPOB MO CPABHEHUIO C Me-
THiI(ypaHaMu — BABOE MEHBIINH CTEXHOMETPUUYECKHH PacXo BOJOPO/A ITPH UX MOJIyYeHUH U3 Qyp-
¢dypona. CyuiecTByOUIHE METO/IbI NONYUYeHUs aaKuiIQypdypuaoBsix 3GUpoB, oJHAKO, 100 KpaiiHe
noporu u Tpyxoemku [10, 11], 1100 HU3KOCEIEKTHBHBL: KUCIOTHO-KATATUTHICCKOES aTKAIINPOBAHHE
bypdypuitoBoro cipra 3TaHOIOM MpoTekaeT ¢ BbixogoM 30 — 50 % [5]. Ilocneanee 00ycaoBaCHO
MIPOTEKAaHUEM XOPOIIO M3BECTHBIX MOOOYHBIX KHCIOTHO-KATAIWTUYECKHX IHPOLECCOB OCMOJICHHS
(bypdypHIIOBOrO CIIMPTa U €r0 KOHBEPCUU B JIEBYJIHMHOBYIO KHUCIOTY. DTH Ccrieliu(pHUYecKre OrpaHu-
YEHUs BO3MOXKHOCTEH aJKMIMPOBAaHUS (YypdypHIOBOrO CIUpTa TPEOYIOT MOMCKA APYTUX METO/OB
noxy4eHus ankuidypdypunoBsx 3pupos.

OnHa U3 BO3MOXKHOCTEH cHHTe3a ankmidypdypriIoBsx 3pupoB cOCTOUT B THIPUPOBAHUU CO-
OTBETCTBYIOIUX aneraieid Gpypdypona. [uapupoBanue aneraneil B npocteie 3GUpPHL B TUTEPAType
paccMaTpuBaeTCs PeIKO 10 ABYM IIpHuYuHaM. Bo-niepBhIX, alieTanbHast TpyIupoBKa BeCbMa HHEPTHA
U MCHOJIB3YETCsl JUIsl 3al[UThl KapOOHMIIBHOW T'PYMIBI B MPOLEccaX TMAPHUPOBAHUS JPYTHX YacTel
CJIOKHBIX MOJIEKYJ. BO-BTOPBIX, B IIOJIaBIISIONIEM OONBIIMHCTBE CIIy4aeB, 32 PEAKUMH HCKITIOUCHH -
MU THNa QypdypUIIOBOrO CIMPTA, MPOCThIE IPHUPHI JIETKO CUHTE3UPYIOTCS MPSIMBIM aJKUINPOBa-
HUeM. DTHIOCH3UIIOBBINA 3¢up 0Opa3yeTcst B KauecTBE MPOMEKYTOUHOI'O IPOLYKTa THAPUPOBAHUS
JIUATHJIAleTalsl OeH3abJeruaa Ha CyJIb(OUIMPOBAHHBIX aJIFOMOKOOAIBTMOINOIEHOBBIX KaTaIl3aTo-
pax [12]. TugpupoBanue ameraneii S-xmopmetmidypdypona B 2,5-gumetmndypan u3ydeHo B [13].
YcTaHOBIICHO, UTO THAPUPOBaHKE S-0y TOKCUMETUAGYpdyposia B Oy TaHOIE COMPOBOXKAACTCSI 00pa30-
BaHUEM alleTas, a B KauecTBe IPOIyKTOB IPOLecca 3aperucTpUPOBAHEI 2,5-110y TOKCUMETHIIDYpaH
u 2,5-11u0y TOKCUMETUITETparuApodypan, IPOAYKTHI THAPOrEHONM3a U0y THIAICTANs 5-0yTOKCH-
Metundypdypona [14, 15].

Ienp HacTOsAIICH PaOOTHI — HCCIIEIOBAHKE MPOLIECCa KATATMTUYCCKOT0 THAPUPOBaHus Gypdy-

poJjia B CHUPTOBLIX CpEax.

JKcHepuMeHTAIbHAS YaCTh

B pab6ore ucnonb3oBanu Gpypbypon (98 % ocHoBHOro BemecTBa, Acros Organics), 3TaHOJI-
pexTudukar, OyraHos 1 mponanoin kBanudukanuu XY 6e3 10MoTHUTETBHON OYHCTKH.

CuHTe3 KaTaJIM3aTOPOB rHAPUPOBAHUSA. MeaHO-pyTEHUEBBIE KaTaIN3aTOPH! OTydalyu HaHe-
CEHHEM aKTHBHBIX KOMIOHEHTOB Ha YTIIEPOIHBIA Me30HOpHCTHIH HocuTenb CuOyHuT (S,,= 355 M%/T)
[13]. Cunte3 bumetamnudeckoro kataiguzaropa 8 % CuRu(3:1) c aTOMHBIM COOTHOIIIEHUEM METAJIIOB
Menb/pyteruii = 3:1 npoBoaunu coMecTHbIM HaHeceHueM 0,2 M RuCl; n 0,5 M Cu(NOs), BogHBIX
PacTBOPOB MPOIMUTKON MO BIATOEMKOCTH YIJIEPOAHOTO HOCUTENS. BhICyIIeHHBIE KaTaIu3aToOPsl BOC-

CTaHaBIMBAJH BOJIOPOJIOM B TeUeHHUE 6 4, mogHNMast Temrepatypy 10 360 °C co ckopoctsio 2 K/MuH.

— 484 —



Irina L. Simakova, Valery E. Tarabanko... Catalytic Hydrogenation of Furfural in Alcoholic Media

Karanuzarop nepen BeIrpy3Koi U3 peakTopa acCUBUPOBAIIN ra3000pa3HBIM a30TOM, COACPIKAIIUM
~0,002 Bec. % kuciopona.

[TnaTuHOBBIHM KaTanuzatop 3 % Pt/C cuHTE3MpOBaIN METOIOM MPOIUTKHU YIIIEPOIHOIO HOCHTE-
151 CubyHnuta pactBopoMm H,PtCly ¢ mocnenyronm BocCcTaHOBIEHHUEM 10 METAJTMUECKO IIaTHHBI B
TOKE BOJIOpPO/Ia P HarpeBaHuu 10 Temmepatypsl 350 °C co ckopocThio Harpera 1,5 K/mun [15]. Mo-
JU(GUIMPOBAHHBIE TUIATHHOBBIE KaTaJIN3aTOPbl CHHTE3WPOBATIHN aHAJOIMYHO METOAOM COBMECTHOM
NPONUTKH yriepoaHoro Hocutenss Cudynut pacreopom H,PtClg ¢ pactBopamu RuCl; CoCl,, NiCl,
n HReO,4 cOOTBETCTBEHHO € MOCJIEAYIOIIMM BOCCTAHOBIEHHEM B TOKE BOIOPOAA IIPU HATPEBAHUH JI0
temneparypsl 350 °C co ckopocthio Harpesa 1,5 K/mus.

Du3NKO-XHMHYEeCKHe MeTOAbI aHan3a. OnpeeneHue IPONEeHTHOTO COAEPKaHMs MeTalia Ha
YIJIEPOAHOM HOCHTEJIE IPOBOAMIIN PEHTIC€HOCIIEKTPAJIbHBIM METO/IOM Ha (hIyOpEeCLIEHTHOM aHaln3a-
tope VRA-30 ¢ Cr-aHOOM pEeHTT€HOBCKOH TPYOKH.

Crextpbl POIC 0ObLn 3anucanbl Ha poTodnekTponHoM criekTpomerpe SPECS ¢ ucnonb3oBaHu-
€M HeMOHOXpoMaTu3npoBanHoro m3nydeHus AlK = 1486,61 3B, 205 Br. IlIkana suepruii csazu (E,,)
ObLJ1a IpeABapUTEIHHO OTKAJTHOPOBAHA 110 TONOKEHUIO MMKOB OCHOBHBIX YPOBHEHW METaJIIITNIECKOTO
3osota u Menu: Au4f7/2 (84,0 3B) nu Cu2p3/2 (932,67 3B). Dddekt moazapsaku, BOSHUKAONIUN B
npoiecce GOTOIMHUCCHH DIIEKTPOHOB, YUUTHIBAJICS C TIOMOIIBI0 METOIda BHYTPEHHEr0 CTaHapTa, B
KagecTBe KoToporo ucrnosp3oBaiu auHuio Cls (284,5 3B) yranepona (Cubynunt). O030pHbBIE CHIEKTPEI
3aIUChIBAJIM IIPU PHEPTHH NPONyCKaHus aHanu3aropa — 50 3B, oTaenbHbIe CEeKTpaIbHbIE PaOHBI —
10 m 20 3B.

Amnanuz metonoMm IIOMBP npoBognnu Ha npoCcBeUNBAIOIIEM IEKTPOHHOM MHUKPOCKOIIE BBICO-
koro paspemenust «JEM-2010» (SInonus) ¢ pazpemennem no pemetke 0,14 HM U yCKOpSIIOIIUM Ha-
npspkenneM 200 kB. Cpegauit quametp yacturl (He MeHee 250 4acTHUIl) paCCYUTHIBAIIN 11O CIEAYIO-

et hopmyore:

Z(xidi)
Y (”

i

d

TJIE X; — YUCIIO YACTHIL C TUaMETPOM d,.

ONeMEeHTHBIM aHain3 noBepxHocTH oOpasnoB (EDX) mpoBoxniaym ¢ 3HEproancrepcrOHHBIM
pentreHoBckuM JetekropoM «EDAX DX-4» dupmbr Ametek Inc., CLIA. [Tnomaas ananusupyemMoit
moBepxHOCTH coctaBisiia 150-300 um?.

I'mapupoBanue ¢pypdyposa. DKCrIepUMEHTHI 110 )XHIKO(PAa3HOMY FHAPUPOBaHHIO Gypdyposa B
CIHUpTax MPOBOAMIIN B aBTOKJIaBe (150 Mu1) M3 HeprkaBeroIIel cTany ¢ epeMenInBaHieM 1101 1aBiie-
HueM Bojopona 10 arm npu 200 °C ¢ aBTOMaTH4YECKUM KOHTPOJIEM 32 00bEMOM IOTJIONIEHHOT'0 rasa.
3arpyska criupra — 19,2 1, pypdypona — 0,53 r. Macca karaau3aTopa U IpOJOIKATEIBHOCTD JKCIIe-
pPUMEHTa yKa3aHbl JaJiee 10 TEKCTY.

Wnentnduxanuio KOHACHCHPOBAHHBIX MPONYKTOB IPOBOJMIM METOAOM XpPOMAaTOMAcC-
crekTpockonuu Ha nmpudopax VG-7070 GC/MS (kosonka 30 M x 0.2 mm Silicone SE-30) u Agilent
5973N EI/PCI (xomorka 30mMm x 0,25mMM HP-5ms). KoimdecTBeHHBIN aHATN3 peaKITHOHHBIX cMecei
MPOBOIMIIN METOIOM I'a30KHUIKOCTHON XpomaTorpaduu Ha xpomarorpade JIXM-80 (HIIO «Arpo-

pUOOpP») C MIAMEHHO-HOHU3AIMOHHBIM IETEKTOPOM H KBapIeBO HacaJouHON KOMOHKOH 2,0 Mx2,0
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MM, 3anonHeHHoit copbentom Chromosorb 101, monuduuuposanusiM 5 % FFAP. T'a3-Hocutens —
azoT. OOpaboTKa XpoMaTorpaMM NPOU3BOJMIACE C ITOMOIIBIO MakeTa nporpamm «lemapay. Kamu-
OpOBKY IIPOBO/IMJIY 110 00pa3iaM BEIIECTB, 32 UCKIIIOUEHHEM alleTasiel Terparuapodypdyposia, ais
KOTOPOT0 KaJTHOpPOBOYHBIE KOI(P(UIIHMEHTH MIPHHAMAINCH PABHBIMU TaKOBBIM IJISi COOTBETCTBYIO-

mux anerajiei pypdypona.

Pe3ysbTaThl 1 00CyKICHHE

CornacHO JaHHBIM TPOCBEYHMBAIONICH SIEKTPOHHOW MHKPOCKOIHH BBICOKOTO pa3pelIcHHS,
karanuzatopel Pt/C, PtRe/C, PtRu/C, PtNi/C u PtCo/C npeacrapistoT co00if HAaHOAKMCIIEPCHBIC Ya-
CTHIBI aKTHBHOTO MeTaiia cheprudeckoir popMbl, pABHOMEPHO paclpeAelICHHBIE TI0 TOBEPXHOCTH
yriaepogHoro Hocureis. CpeHUN pa3Mep 4acTUll aKTUBHOI'O KOMIIOHeHTa o0pasuoB Pt/C — 1,3 Hwm,
PtRe/C — 1,2 uMm, PtRu/C 1,3 aM, PtNi/C — 1,9 5am u PtCo/C -1,3 M (puc. 1-4). C y4eToM npuMepHO
OJJMHAKOBOT'O COAEP)KAHUS METaJlIa, YTO MOATBEPXKIAIOT JaHHBIE PEHTTeHO(IIYyOPECHEHTHOIO METO-
Jla aHAJNIN3a, YACIbHbIC TIOBEPXHOCTH aKTHBHOT'O KOMITOHEHTA B HaBECKaX KaTaJHM3aTOPOB OXMHAKO-
BOIf Macchl UMEIOT CONIOCTABUMBIC 3HAUCHHSL.

[pu conoctaBnennn qaHHBIX PODC 00 21eKTPOHHOM COCTOSHHU aKTHUBHOTO KOMITOHEHTA B Ka-
Talu3aTopax ObLJIO YCTaHOBJIEHO, YTO aKTHBHBIN KOMIIOHEHT MPEJICTABIISIET CO00I MeTalinyecKue
YaCTHUIIBI C HE3HAYMTEIBHOU noineil okucinerHoro Merauia Ni u Co B obpasmax PtNi/C u PtCo/C,
KOTOpbIE, BOBMOKHO, IIPETEPIIEBAIOT ONpE/Ie/ICHHbIE U3MEHEHUS B YCIOBHSIX PEAKIIHH.

B Tabn. 1 orpakeHbl pe3ynbTaThl THAPUpOBaHUS (Qypdyposia B ImpomaHoie W OyTaHoyie Ha

MEeIHO-PYTEHHEBOM KaTayn3aTtope. MenHble KaTaan3aTophl HCIOIB3YIOTCS I THAPHUPOBAHUS Kap-

80 -

60 4

Count

40

204

Puc. 1. Mukpodororpadus xaranuzaropa Pt/C

200 4
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Count

0 1 2 3 4 5 6
size. nm

Puc. 2. Muxpodororpadus karaxusaropa PtRu/C (3 %+3 %)
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Puc. 4. Muxpodotorpadus katanuzaropa PtCo/C (3 %+3 %)

OoHMIBHOM rpynnbl Gypdyposa 1 He aKTHUBHBI B TUAPUPOBAHUH (yPaHOBOTO KOJIbIIA, & aHAJIOTUY-
HBIM MEIHO-PYTEHHMEBBIH KaTalu3aTop HCIOIb30BaH ISl TUAPUPOBAHUS S-TUAPOKCHMETIIIDYPOY-
pona B 2,5-numeTnidypas [3].

[TpencraBieHHBIE PEe3yNbTATHl OKA3BIBAIOT, YTO B OTCYTCTBHE BOJOPO/A CHCTEMa BIIOJIHE CTa-
OuIIbHA B YCIIOBUSX ITPOLIECCa U 33 HCKIIIOUEHHEM PABHOBECHOI'0 00pa30BaHUs alleTalleil IpyTrux mpo-
JYKTOB B pacTBOpe He oOpasyeTcs. Jlomns anerasneil B mpoxykrax MoxeT npessimars 60 — 70 moi. %.
B npucyTcTBHM MEIHO-pYTEHHEBOIO KaTalu3aTopa MPOAYKThl FHAPUPOBAHMS KOJIbIA B CHCTEME
MIPaKTHYECKN He 00pasyroTcs. MakcuMainbHbIe BBIXOABI MPONIII- U Oy THI(YphYpPHIOBOTO 3GHPOB
O6nu3ku Mexay coboii u cocraisior 9,5 u 8,5 Mo % cooTBeTcTBeHHO. CEJIeKTHBHOCTD Ipolecca

110 3TUM TIPOAYKTaM, yUUTHIBasi HEOOJIbIIyI0 KOHBepcuio (hypdypoia U €ro anerans B MPOAYKTHI
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Tabnuna 1. BiusiHue ycinoBHil peakIMd Ha BBIXOJ MPOAYKTOB THMAPHpOBaHUsA Qypdypoia B cnupTax Ha
karanusatope 8 % CuRu/C. Ycnoeus mpomecca: 0,53 r (5,53 mmons) dypdypona, 19,2 r cnupta, 400 mr
KaTanu3aropa, napuuajibHoe aaByieHue Bogopoaa 1,0 MIla

CocraB poayKTOB, MMOJIb

= =

Temneparypa, | aBnenue Bpems é é

NeNe patypa, ! peakuuy, Crupt = g = =
°C H,, MPa S 28 | £ = =
MUH 5 = & = > <
= s a2 S S g, 2
= | 5| EE| 25| &
& <& | §% | &5 S

132 110 0 360 OyTaHoN 2.37 2.99 - -
3 110 1,0 375 OyTaHoN 3,63 0.74 0.47/41 0.61 0.02
40 150 1,0 420 OyTaHoN 3.11 0.63 | 0.49/27 1,00 0.04
52 200 1,0 360 OyTaHoN 1.94 0.31 0.40/12 | 2.62 0.02
6 110 1,0 360 nponaunon | 1.47 3.21 0.52/62 | 0.46 0.13
7 150 1,0 150 npomnanon | 1.08 2.56 | 0.39/21 0.24 0.18
8 200 1,0 360 mpomanon | 1.33 2.18 0.30/15 | 0.77 0.18
16 110 2,0 360 npornanon | 0.95 1.85 0.30/11 0.29 0.09
17 110 3,0 360 npomnanon | 0.78 1.59 | 0.31/10 | 0.45 0.12

[Ipumeuanus: a — 3arpyska karanumszatopa 200 Mr; 6 — yka3aHbl BBIXOIbI M CEJIEKTHBHOCTH, MMOJb/
CEJIEKTUBHOCTD, %.

ruapupoBanus (15 — 21 %), nocruraer 62 u 41 % st nponun- u 6y Ty pdypriIoBoro 3¢pupos co-
OTBETCTBEHHO.

CeJleKTUBHOCTB Ipoliecca o mponuii- u OyTuidypdypuioBomMy adupaM CHHKACTCS C PoO-
CTOM TEMIEPaTypbl B OCHOBHOM 3a cueT oOpa3zoBanus GpypdypuioBoro cnupra. YBeJlHueHUE 1aB-
JIEHHs] BOIOPOJA B PEaKTOPE TakKe BEICT K CHIKEHHIO BbIXoJa nponuidypdypuiosoro sadupa
U CEJIEKTUBHOCTH ero oopaszoBanus. Cpeau Apyrux npoayKkToB oOpasyercs 2-metmwidypan (1o 4
MoiL. %).

Ha Oosiee akTUBHBIX IUIaTHHOBBIX KaTaJlU3aTopax, 38 WCKJIIOUEHHEM IUIaTUHO-PEHUEBbIX, Ha-
OmronaeTcs monHas KouBepeus ¢Gypdypona (tadi. 2). Berxon nponmindypdypuinoBoro 3¢hupa Ha 1Ia-
THHOBBIX KaTaJHU3aTOpax B OCHOBHOM HaxXoXWUTCs Ha ypoBHE 15 — 19 %, a MakcumasibHas CEIeKTHB-
HOCTb JOCTUTAETCS Ha TPEXIPOLCHTHOM ILIaTHHO-peHHeBoM KaTanuzarope (30 %). ['mapupoBanue
¢bypdypustoBoro cnupTa B MpOMaHONe B 3TUX YCIOBHAX aaeT 5 % mpomnmindypdypunosoro 3dupa
(CeneKTUBHOCTH OKOJIO 7 %). DTO 03HAYAET, 4TO anKmIpypdypriIoBbie 3¢UpH B cucteme Qyphypoi —
CIHUPT 00pa3yrOTCs MPEUMYLIECTBEHHO ITyTEM THIPOTreHONIN3a alleTajei, a He Yepe3 allKMUJIMpOBaHHe
oOpa3syrtorerocs ¢pypdypuioBoro ciimpra (puc. 5).

B kauecTBe NOOOYHBIX MPOJYKTOB THIPUPOBaHUs 00pa3ytoTcs 2-metuiadypas (10 30 moi. %) u
¢bypoyprioBslii crimpt (10 35 mon. %). HabmiogaroTest TakKe MPOAYKTHI THIPUPOBAaHUS (DypaHOBO-
r'o KOJIblia, B IEPBYIO OYepe/lb Ha IIIaTUHO-PYTEHUEBOM KaTanuzarope (TerparuapodypdypHriioBblii
CIIUPT, 2-MEeTUITETParuapopypaH u 1ap.).

Takum 00pa3oM, pe3yabTaThl IKCIIEPUMEHTOB IOKA3bIBAIOT, YTO rUApUpoBaHue ¢pypdypoia B

CIIMPTOBBIX CPelax MO3BOJISIET MOTYUYaTh aNKMWI(ypdypHIoBbie 3QUPHI C CEIEKTUBHOCTHIO BILIOTH JI0
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Tabnuua 2. BnusiHue ycioBuil Ha BBIXOJ POAYKTOB ruapupoBanus Gpypdyponia B IponaHoie Ha MIaTHHOBBIX
Karajgu3atopax. YCioBus mporecca: 5,53 mmons ¢ypdypona, 19,2 r cnupra, 400 mr katanuzartopa, 110 °C,
napuuanbHoe aasienue sogopoaa 1,0 MIla, npogomxurensHOCTh npolecca 6 4

CocTtaB npoayKTOB, MMOJIb
)E u:-ﬂ :E
iz5 | 2 -
) = S o =
Ne Karanusarop é R 5 gg £ E § . &5
2 = & = = E > = 5 = &
_y Y 54 = BB = s s .8
. o & &K 2 ] o &g
2 == 253 = £ % =5 =
(] < B SR o S S N < & S
182 3% Pt/C - 0.85 0.90/0.19 0.48 0.61 0.104
19* | PtRu/C (3 %+3 %) - - 0,75/0.14 - - -
20* | PtNi/C (3 %+3 %) - 0.17 1.04/0.19 1.67 0.58 0.33
21 PtCo/C (3 %+3 %) - - 0.36/0.065 1.90 0.78 0.26
22 6 %PtRe/C (1:1) - - 0.88/0.30 1.13 1.77 0.21
23 |8 %PtRe (1:3) 0.54 275 0.56/0.20 0.96 0.64 -
245 |8 %PtRe (1:3) - - 0.28/0.067 1.36" 3.00 -

[Tpumeuanusi: a — 3arpys3ka karanusartopa 200 mr; 6 — skcnepuMeHT ¢ (ypdypHIOBBIM CIHPTOM BMECTO
bypdypona; B — yka3aHbl BEIXOAEI (MMOJIB) U CEIEKTUBHOCTD B JAOJISIX CAMHHULBL T — HACHTH(GUIIMPOBAH TaKkxke
tetparuapodypdypuiossiii cnupt 0,6 MMOJIB.

0 CHO 0 CH(OR)
Hy/xar.
A/1-120 H,/xar. Hy/xar. | ROH
0 CH,0H ROH 0 CH-OR
(A

Puc. 5. MapmpyTsl npeBpamienust ¢pypdypona B yCIOBUAX KaTAIUTHIECKOTO THAPHPOBAHUS MOJICKYISPHBIM
BOJIOPOJIOM B IIPUCYTCTBHH CIIHPTOB

60 %. DTO OTKPBIBAET BO3MOKHOCTH CO3JIaHUS THAPOT€HU3AIIMOHHBIX MIPOIIECCOB MOJIYUEHHU I BBICO-
KOOKTaHOBBIX KOMIIOHEHTOB O€H3UHOB U3 BO30OHOBIISIEMOTI'0 PACTUTEIBHOTO CHIPHSI C BBOE MEHBIITUM
PacxoIoM BOIOPOIA 10 CPABHEHHIO C MOJydYeHUEM 2-MeTiI(hypana. BaxkHO OTMETHTb, YTO HApsAIY C
XOPOIIUMH CMa3bIBAIOIIMMU CBOWCTBAMHU U HU3KOW TeMIepaTypoil 3acThiBanus ankuidypdypuio-
BbIX 3()HPOB HAJTHYKE B KX COCTABE KHCIOPOAA MO3BOJISCT 3HAYMTEIIBHO YAYUYIIATh IKOJIOTHUSCKUE
MOKa3aTeNnu JBUTaTelNieil, paboTaroNMX Ha YTHX AJbTEPHATUBHBIX MOTOPHBIX TOILJIMBAX, YMECHbIIAS

BpEIHbIE BEIOPOCHI ITPH CTOPAaHMH MOTOPHBIX TOIUIHB.

Aemopul npuznamenvhvt Poccuiickomy ¢ponoy gpynoamenmanvHovlx ucciedo8anuii 3a punan-
C08y10 n000epiHcKy pabomut, zpanm Ne 13-03-00754.

— 489 —



Irina L. Simakova, Valery E. Tarabanko... Catalytic Hydrogenation of Furfural in Alcoholic Media

Cnucok JuTepaTypsbl

1. Tapabansko B.E., Yepnsaxk M.IO., Kysuenos b.H., 3axaposa O.B. ccienoBanne npoueccos
KHMCJIOTHO-KaTaJIMTHYECKON JIeTHJpaTallii yIJeBOJOB B NPHCYTCTBHHM OyTaHONA MPH yMEPEHHBIX
Temneparypax. Xumus pacmumenvroo coipbs 2002. Ne 2. C. 5 — 15.

2. Tarabanko V.E., Smirnova M.A., Chernyak M.Yu., Kondrasenko A.A., Tarabanko N.V. The
Nature and Mechanism of Selectivity Decrease of the Acid-catalyzed Fructose Conversion with
Increasing the Carbohydrate Concentration. Journal of Siberian Federal University, Chemistry 2015.
Vol. §(1). P. 6-18. (In Russ.)

3. Roman-Leshkov Y., Barret C.J., Liu Z.Y., Dumesic J.A. Production of Dimethylfuran for
Liquid Fuels from Biomass-derived Carbohydrate. Nature 2007. Vol. 447, P. 982-986.

4. Alonso D.M., Bond J.Q., Dumesic J.A. Catalytic conversion of biomass to biofuels. Green
Chem. 2010. Vol. 12. P. 1493-1513.

5. Lange J.-P,, Evert van der Heide, Jeroen van Buijtenen, Price R. Furfural — A Promising
Platform for Lignocellulosic Biofuels. ChemSusChem 2012. Vol. 5. C. 150 — 166.

6. MaxkcumoB A.JI., HexaeB A.U., PamazanoB /I.H. [IpocTsie a3dupsl u aneranun — nepcrex-
THBHBIC IPOAYKTH HEPTEXHUMUHU U3 BO3OOHOBIISIEMOTO CHIPbs (0030p). Hepmexumus 2015. T. 55(1).
C.3-24.

7. Bapdomnomees C.J., Mouncees N.U., MsicoenoB b.®. Duepronocurenn n3 Bo300HOBISIEMOT0
CBIpbst. Xummudeckue acnektol. Becmuux PAH 2009. T. 79 (7), C. 595- 604

8. Resasco D.E,, Sitthisa S., Faria J., Prasomsri T., Ruiz M.P. 5. Furfurals as chemical platform
for biofuels production. In: Heterogeneous catalysis in biomass to chemicals and fuels. Ed. Kubicka D.,
Kubickova I. Research Signpost, India, 2011.

9. Tapab6ansko B.E., Uepusk M.IO., Mopo3zor A.A., Kaiiropoaos K.JI., be3oopomnos FO.H., Op-
noBckast H.®., Hageiikun 1.B. HoBbIe BRICOKOOKTAHOBEIE KOMITIOHEHTHI OCH3WHOB M3 PACTHTEIHHOTO
ceipbs. Kypuan COY. Xumus 2014. T. 7(1). C. 31-35.

10. L. von Wissell, Tollens B. XXXIII. Ueber den Furfur- oder Furalkohol und einige Derivate
desselben. Justus Liebigs Annalen der Chemie 1893. Vol. 272(3), P. 291-306.

11. Tloranos B.M. Opranukym. [IpakTukym nmo opranunueckoi xumuu. T.2 M.: Mup, 1979.
64 c.

12. Moreau C., Lecomte J., Mseddi S., Zmimita N. Stereoelectronic effects in hydrolysis and
hydrogenolysis of acetals and thioacetals in the presence of heterogencous catalysts. Journal of
molecular catalysis A-Chemical 1997. Vol. 125(2-3). P. 143-149.

13. Dutta S., Mascal M. Novel Pathways to 2,5-Dimethylfuran via Biomass-Derived
5-(Chloromethyl) furfural. ChemSusChem 2014. Vol. 7(11). P. 3028-3030.

14. Cumaxona M.JI., Tapabansko B.E., Mopo3os A.A., Uepasak M.IO. Karanutuueckoe runpu-
poBaHue 5-0yTokcumeTnadgypdyposia Ha MeAbCOAEPKALINX KaTaau3aropax. FOuCHO-cubUpcKuil Ha-
yunwlil gecmuux 2014. Ne 3 (7). C. 37-42.

15. Cumakosa M.JI., Mopo3oB A.A., Tapabansko B.E., YUepnsax M.IO. Karanutuaeckoe ruapu-
poBanue 5-0yTokcumetniadypdypona Ha namiaaueBbix katanuzaropax. Kypuar COY. Xumus 2014.
T. 7(4). C. 536-545.



