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AnHoTanms. VccienoBansl OTHOKOMIIOHEHTHBIE HaHOpa3MepHEIe mopomky (HIT)
MOJIMOICHNTA, IPUTOTOBJICHHBIE B KPUOTEHHBIX ycloBHsiX (77 K) B pa3nuuHbIX ra30BbIX
cpenax, a Takxe IByXKOMIIOHEHTHbIE KOMIIO3UTHI Ha OCHOBE MonuOaeHuTa (MoS2) B co-
YeTaHuH ¢ ra3o¢a3sHpIMU HaHOTOpoIKamMu kobanbTa (Co) u Hukens (Ni) Kak KaTaJIuTH-
YeCKUMH IPOMOTOPAMH, TaK 1 0e3 HUX. [l HoTy4eHUs HOBOM cepruH 00pa3LioB TOHKOMY
U3MEJIbYCHHIO TTOABEPTalICs IPEK/IE BCEr0 MOHO-MOJIUOICHIMCYIb(GH/T CIIOUCTON CTPYK-
TYPBI B Pa3IHYHbBIX [0 XUMHYECKOMY COCTaBY KPHOTGHHBIX CPElax B COUYETAHHH C ra3o0-
¢azasmvu HIT Co 1 Ni mmm 6e3 aux. [t kproo6pasio HIT 6suti onpeienieHs! guciepe-
HOCTb, IOPUCTOCTh, KaTAJINTHUECKAs aKTHBHOCTb B PEAKIMSIX THAPOAECYIb(ypU3anim
nmubensornodena (JABT), a Taxxe quzensHbIX (pakiuii (JIP). Haunbonee akTiHBHBIE Ka-
TaJIn3aTOpPbI, BBIABJICHHBIC B XOA€ SKCIIEPUMEHTOB, OBLTH HCITOIL30BaHbI B npouecce
THAPOOYHCTKY KOMIIOHEHTOB AM3ENIbHBIX (ppakiuii. BeimosaHeHa oleHka «apoMaTH3m-
pyIoLIei» U «TUAPHUPYIOMIEiD CTOCOOHOCTEH MPOTECTUPOBAHHBIX 00PA3IOB KaTaIH3a-
TopoB. IToka3aHo, YTO MPHBJICUCHHE KPUOTCHHOTO TTOX0/1a TMO3BOJIAET MOJIY4YUTh HO-
BbIC KPUOKATaJIM3aTOPhl C BHICOKUM YPOBHEM THIpOAECYIb(HPYOIIeH cIOCOGHOCTH
KaK MOJENBHBIX S-, N-coequHeHNH, Tak 1 KOMIIOHEHTOB HAaTUBHOTO CHIPhs. O0Cyx1a-
I0TCSl BO3MOXKHBIE B3aMMOCBSI3M MEXIy KOHKPETHBIMH XapaKTePHCTHKAMH, KOTOPbIE
OBUIN OIIpesIeNieHbl B XO/Ie POBEICHHBIX HCCIIEIOBAHHH NMPHTOTOBIEHHBIX KPHOOOPa3IioB
M X KaTaJIUTHYECKON aKTHBHOCTBIO. [I0Ka3aHO, 4TO KPHOKATAIM3aTOPBI, TOJTy4YeHHbBIC
Ha OCHOBE MOHO-MOJTUOICHAUCYTb(UT CIOUCTON CTPYKTYPBI C MUKPO ¥ ME30TIOPUCTON
CTPYKTYpO#, XapaKkTepu3ytoTcs 0osiee BHICOKOH aKTHBHOCTBIO U CTAOMIBHOCTBIO B pe-
aksix ruapoaecynbdypusannu BT u u3enbHbIX GpaKiuii.

KutoueBble c10Ba: MOIMOICHUT, HAHOMIOPOIIKH, KPHOTEHHOE AUCHIEPIHPOBaHHUE,
KaTalu3aTophl, THApooOeccepuBanme, TMOEH30THO(EH, TH3eNbHbIe (DpaKIun
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Abstract. Single-component nanoscale moly powders (NP) prepared under cryo-
genic conditions (77 K) in various gaseous media, as well as two-component compo-
sites based on moly (M0S2), in combination with gas-phase cobalt (Co) and nickel (Ni)
nanopowders, both with and without catalytic promoters, have been studied. To obtain
a new series of samples, mono-molybdenum disulfide of a layered structure was sub-
jected to fine grinding in cryogenic media of various chemical compositions, in combi-
nation with or without gas-phase NP Co and Ni. The dispersion, porosity, and catalytic
activity in the hydrodesulfurization reactions of dibenzothiophene (DBT), as well as
diesel fractions (DF), were determined for cryo-NP samples. The most active catalysts
identified during the experiments were used in the process of hydrotreating components
of diesel fractions. The "aromatizing" and "hydrogenating" abilities of the tested cata-
lyst samples were evaluated. It is shown that using the cryogenic approach makes it
possible to obtain new cryocatalysts with a high level of hydrodesulfurization ability of
both model S-, N-compounds and components of native raw materials. Possible rela-
tionships between the specific characteristics that were determined during the studies
of the prepared cryo-samples and their catalytic activity are discussed. It has been
shown that cryo-catalysts based on a mono-molybdenum disulfide layered structure
with a micro and mesoporous structure are characterized by higher activity and stability
in the hydrodesulfurization reactions of DBT and diesel fractions.

Keywords: molybdenite, nanopowders, cryogenic dispersion, catalysts, hydro-
desulfurization, dibenzothiophene, diesel fractions
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BBenenne

OcymiecTBIsIEMBIi HA COBDEMEHHOM MHPOBOM PBIHKE 3Tall IIepexo/ia K yabTpa-
HU3KOCEPHUCTHIM OCH3WHAM W AW3EIBHBIM TOIUTMBAM SBILICTCS OecrpeneaeHT-
HBIM B HCTOPUU TOIUIMBHON IIPOMBIIUIEHHOCTH. OH CONPOBOXKIAETCSI HEBUAAHHBIM
paHee pa3BUTHEM TEXHOJIOTHH TIyOOKOH M CBEPXIIIyOOKOH OYHCTKH JKUAKHX
(bpakiuii c IpUBIeYEHNEM HOBBIX KaTalIN3aTopoB. [IpecTaBneHHbIe pe3yIbTaThl
OTPaXKAIOT MPOAOIDKECHHIE SKCTICPIMEHTAIBHOTO [TOMCKA MTOTyYCHHSI HOBBIX MACCHB-
HBIX HAHOAMCIEPCHBIX KaTATUTHUECKUX CHCTEM Ha OCHOBE MOJHMOICHHTA, TIPSIMBIM
TBepA0(ha3HBIM CIIocobOoM ¢ IpuBIIeYeHreM KproreHnoro moaxoxaa (77 K) [1].
Bo B3aumocBsA31 00CyKIaI0TCS UX XapaKTEPUCTUKH, aKTUBHOCThH B TECTOBOH pe-
aKIMY U B IPOLECCE THAPOOUUCTKY HATUBHOTO JU3EIBHOTO CHIPbS.

B obnacti HaHOpa3MEpHBIX KaTaJIM3aTOPOB MEPCIEKTUBHBIM OKa3alcs, Kak
OBLIO ITOKa3aHO HAMH paHee [2], kpuoxuMmmudeckuit moaxo. [Tpsmoit TBeprnodas-
HBI METOJ] M3MeNbueHUs MoarbaeHnTa (M0S,) B kproreHHsIx ycnoBusax (77 K)
B Pa3IMUHBIX Ta30BbIX cpenax (Ar, He, N2, Hz) mpuBen k moixy4eHHIo HOBBIX Ka-
TAIUTHIECKAX CHCTEM, OOJIQNAIOMNX YHHKAJIBHOM KaTaIMTHYECKOH aKTHBHO-
CTBIO, BBICOKOM CEJIEKTHBHOCTBIO B TBEPAO(a3HBIX MpoOIeccax T'HIPOOUHCTKH.
HenmocraTok — xuMugeckas gerpafamys HAaHOKaTaIH3aTOPOB M3-32 00pa30BaHU
Ha MOBEPXHOCTH HAHOYACTHI[ JaOMIbHBIX S—O-cOoeIMHEHHH, a TaKKe CpaBHU-
TEJIbHO HU3KME 3HaueHUs pH UX BOIHBIX HAHOIUCTIEPCHIL.

Llens TaHHOTO UCCIIEIOBAHUS — PACIIUPEHNE IPEAPHHATOTO PaHee IKCIIEPH-
MEHTAIBHOTO TIOMCKA B 00JIACTH MTOMYICHUS HAHOPa3MEPHBIX MOHO- i OMKOMITO-
HeHTHBIX (Co-, Ni-) MacCUBHBIX CyIb(OUIHBIX KATAIN3ATOPOB IS IPSAMOTO JIHC-
MePrupoBaHus TOBAPHOTO MOJIMOEHUTA KaK pa3MEPHOT0 IPEeKypcopa aKTHBHOTO
KOMIIOHEHTa B KPUOI€HHBIX ycioBusX, npu 77 K, a Takxke ucCClleOBaHUE UX
CTPYKTYPHBIX 0COOEHHOCTEH, AUCIEPCHOCTH, IOPUCTOCTH, Ne(PEKTHOCTH, Ompe-
JIeJIeHUE apOMAaTU3HUPYIOLIEH CIIOCOOHOCTH COBMECTHO € peajiu3alueil ruapoe-
cyibdupoBanus nudensoruodpena (JIbT) n HaTUBHBIX AU3ETBHBIX (PpaKIHi.

MeToanl Nccae10BaHuA

OIIHO- n ZlByXKOMl'[OHeHTHI:Ie KpI/IOKaTaJ'II/ISaTOpBI TOTOBUJIN B O)IHy CTaIurO
MEXaHWYECKUM H3MENIbYCHUEM KPYITHOAUCIIEPCHOTO KOMMEPUYECKOTO TOPOIIIKa
mucynbduna momubaena MoS; (AMU-7; nonyyeH U3 MuHepana MOJUOJEHHTA,
coJiepKaHre OCHOBHOTO BeniecTBa 99,72%) B TeueHne 7 4 B BEPTUKAIBHOH BHO-
PaIiOHHOW MENTbHUIIE B KpHOTreHHBIX yeloBusix (77 K) mpu HeOONBIINX yCKOpe-
HUAX Memounmx Ten (< 50 M/c?), B MperMyIecTBEHHOM PEeXHMe CIBHIOBBIX
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nedopmanuid, B cpene razoodpasusix renus (He), Bogopoaa (He), xunkoro asorta
(N2), a Taxske TBepmoro aprona (Ar). MexaHOXMMHUUYECKOE COYETaHHE MO0 Ie-
HuTta ¢ razodasupivu Hanonopoikamu (HIT) Ni u Co (~ 21-26 HM) BBITOTHEHO
B cpene TBepaoro Ar (77 K). ®uznuko-xuMHuecKue XapakTepuCcTUKU KpHooodpas-
IOB KOHTPOJIUPOBAIIM MeToJaMu peHTreHo(hazoBoro ananms3a (PDA; nudpakro-
merp D8-Discovery, Bruker, T'epmanus), cemumenrtanuonnoro anamusa (CA;
muckoBas neHtpudyra DC24000, CPS Instruments, CILIA), pertreHoBCKoi (o-
TONIEKTPOHHOM criekTpockornuu (POIC, doTtornexTponHbli criekrpomerp SPECS
¢ ucrnonb3oBaHueM AlKq-M3mydeHns), MpocBeUnBAIOIIEH IICKTPOHHONH MUKPOCKO-
muu (II9M, JEM-2010, JEOL Ltd., Slnonwmst), TeMneparypHO-IIPOrpaMMHAPOBAaH-
HOTO BOCCTaHOBJICHUS (XeMOCOPOIIMOHHBIN aHamm3aTop «Xemocopo», HEOCHD,
Poccus) u meromom JICK/JITA/TT. AKTUBHOCTH KPHOKATATIM3aTOPOB OIICHUBAJIH
IO TIyOWHE UX THIPOAECYNbOUPYIONIEH, ea30THPYIOMIEH U THIPUPYIOIIEH CII0-
coOHocTH oTHOCUTENBHO JIBT, Kak MOIETTbHOTO COeTMHEHUS, a TAK)KEe KOMIIOHEH-
TOB JTU3EIBHBIX (PAKIIUH.

O0cy:x1eHue pe3yJIbTaTOB

B 1a61. 1 mpuBeaeHs! pe3ysIbTaThl 110 KpeKupyromei ciocoonoctu C—S-cBszn
i HIT-kaTamu3aTopoB B MOJICNIbHOM peakiuu ruapoecyibhupoBanus JbT kak
JUISI OTHOKOMITOHEHTHBIX, TaK U JUIsl IBYXKOMIIOHEHTHBIX KPUOTEHHBIX CUCTEM.

Taonuma 1

Tunpoaecyabdupyromas cnocoonocts kpuo-HIT Ha JIBT (Sucx = 500 ppm)

0,
Ne | Karamuzarop, kpuo-HIT |Secr ppm, 5D Cociigpoa}%?g;?eaxlgglf % BLIIT pH
1 Ar-Kpuo-MoS2 0...10 | 61,0 35,3 0 3,7 0 3,2
2 N2-Kpro-MoS: 36 71,8 18,2 0 0 29 [ 69
3 Hz-Kpuo-MoS; 0...5 0 53,7 20,8 133 | 122 | 58
4 He-Kpro-MoS; 80 38,0 62,0 0 0 0 51
5 Ni-Kpno-MoS; 13 80,5 19,0 0 0,5 0 6,9
6 1Co-Kpuo-MoS2 0 93,0 7,0 0 0 0 7,0
7 |2Co-Kpuno-MoS: (Bo3myx) 0 88,1 11,6 0 0,3 0 7,0
8 | 3Co-Kpuo-MoS: (19 um) 0 88,1 0 0 0 0 7,0

Kak cnenyer u3 nanHbIx Tabm. 1, Beixoj oudennia (bd), kak pernepHoro npu-
3HAaKa T0 CKIIOHHOCTH K pa3pbiBy C—S-CBs3H B JaHHOM CIIy4dae BapbUPYET B IIH-
pokom auanasoHe ot 0 gt H-Kpno-MoS; kak katanuzatopa cpaBHeHUs 10 93%
s 1Co-Kpuo-MoS;. TIpu atom npucyTcTBHE BO3AyXa B mporecce MA-kpuo-
W3MENbYCHUSI He CKa3bIBAETCS HETATUBHO Ha THAPOACCYTB(PHUPYIONIEH CIOCOOHO-
cru karanuzatopa 2Kpuo-Co-MoS; (cum. tabi. 1, obpaserr 7). IIpucyTcTBHs cephl
B KOHEYHBIX THAPOCYIb(YypH3aTax He OOHAPYKEHO, KPOME HEOIKHIAHHO BHICOKOTO
conepkanus octarounoit cepsl (13 ppm) mis Ni-comeprkaimero karaamsaropa.
Crnenyer taxxe otMetutb, uro st HII-H>O-cycnienswmit 3nauenust pH He siBisi-
FOTCSI TIPOTHOCTHYECKUM MPU3HAKOM TPOSBICHUS KATATUTHYCCKOH aKTUBHOCTU
(cm. Tabn. 1, 3nauenus pH).

B coorBercTBHM ¢ maHHBIMH, NpuBeAcHHBbIMEH B Tabn. 2, Ni-comepikariue
KaTaJUTHYECKUE CHCTEMbI TaK )K€, KaK M B MOJIENIbHOH peakiuu (cMm. Tadm. 1),
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JEMOHCTPUPYIOT 00jice HU3KYHO KaTATUTHYECKYIO CITOCOOHOCTh OTHOCHUTEIBHO
ynaneHus cepsl, ueM Co-copepiKaliie KaTaTUTUIeCKUE CUCTEMBbI B TpOIEcCe
THIPOOYUCTKY IU3eIbHBIX (pakmmid ID-1 u JJD-2.

Tabnuma 2

I'uapoaecyasgupyomas u reazotTupyoumas cnocoonocts kpuo-HII
1151 in3ebHbIX Gppaknuii dP-1 u JdP-2

Ne | Kpuo-katanusa- | Mcxomnoe comepka- | OctatouHoe conepxa- | OctaTouHoe colepxa-
TOp HHE Cepbl, ppM HHE Cepbl, ppM HHE a30Ta, pPpM
J®D-1 ¢ coneprkanueM cepsl S = 3 000 ppm

1 |1Co/MoS2 500 0 0

2 |3Co/MoS2 500 0 —

3 INi/MoS2 500 69 105
ToBapHas nmpssMoroHHas au3enbHast (ppakmus ** JIdD-2¢ comepxanueM cepsl S = 22380 ppm
3.1/1Co/MoS2 500 0
5.1|Ni/MoS; 500 43 25

Tpumeuanue. 1d-1 — ToBapHas cMech MPIMOTOHHOI! M3enbHOH Gpakuun (90%) n dpakunn
kaTkpekuHra (10%) ¢ Pszanckoro HII3 (S = 3 000 ppm). McxonHoe conepxanue cepsl B JIdD-2
mm3ensHoi gpaxnuu (¢ Omckoro HIT3) = 22 380 ppm, azora — 184 ppM. 3HaK «—» COOTBET-
CTBYET OTCYTCTBHIO IAHHBIX

BriBoabI

[TomyueHHble pe3yNbTaThl CBUAETENBCTBYIOT O TIEPCIEKTUBHOCTH UCIIONB30-
BaHUS KPUOTEHHOTO ITOIX0/Ia B IIPOIIECCE MPUTOTOBIICHHSI KATAIN3aTOPOB THIPO-
obeccepuBaHusI Kak JIJIsi MOJICBHBIX, TaK U JIJISI HATHBHBIX S-cojepKammx cyo-
crparoB. Bonpocs! pasinuns B aktiBHOCTH Co- 1 Ni-IIpOMOTHPOBaHHBIX CHCTEM,
BKJIIOYAS UX JI€a30TUPYIOUIYIO CLIOCOOHOCTh, CTPYKTYPY aKTUBHBIX LIEHTPOB, Me-
XaHHU3MBI JICHCTBUS, & TAKXKE BOIIPOCHI IIOAX0JI0B K MHOTOKPATHOMY ITUKIIHYHOMY
HCTIOJIb30BAHUIO HAHOPA3MEPHBIX KaTaan3aTopoB B 3aBucuMocTy oT HIT-ipomo-
topa (Co umu Ni) 6yayT SBISTHCS PEIMETOM JaIbHEHIINX HCCIIEM0BAHMUIMA.
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