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PROCESSING OF ASSOCIATED PETROLEUM GAS
ON MODIFIED ZEOLITECONTEINING KPM-CATALYSTS

Abstract: In this paper, we present the results of a study of the processing of sulfur-containing associated
petroleum gas on new zeolite-containing catalysts modified with metals of variable valence. The influence of the
nature of the components of the active phase of the catalyst and the conditions of the process on the conversion of
sulfur-containing associated petroleum gas and the composition of the resulting compounds was studied. During
processing of associated petroleum gas, gaseous and liquid products form on the synthesized catalysts. In the liquid
phase, aromatic compounds (benzene, toluene, ethylbenzene, xylenes, naphthalene, phenanthrene) are found, and in
the gas phase C,-C, hydrocarbons are contained. When processing associated petroleum gas on KPM catalysts, an
increase in the conversion to 100% is observed with an increase in temperature from 450 to 750°C. Under these
conditions, the yield of toluene is much higher than that of benzene and xylene. In reaction products, naphthalene
and phenanthrene prevail. When carrying out a non-oxidative conversion of associated petroleum gas on a KPM
catalyst, the amount of sulfur-containing compounds is significantly reduced compared to the feed gas. At elevated
temperatures (more than 500°C), carbonylsulphide and methylmercaptan are not available for the processing of
associated petroleum gas.

The developed catalysts of the KPM group allow simultancous deep desulfurization and obtain aromatic
hydrocarbons.
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MEPEPABOTKA MOMYTHOT'O HE®TSAHOTO I'A3A
HA MOJTU®UIINPOBAHHBIX IIEOJUTCOAEPKAINX
KATAJIM3ATOPAX KIIM

Annortamus. B nanHO# paboTe IpeaCTaBICHBI PE3YIbTaThI HCCICAOBAHMS IPOIIECCA IIEPEPAOOTKH CEPOCOIEp-
JKaIIero MOIMYyTHOTO HE(TSIHOTO ra3a HA HOBBIX LECONUTCOACPKAMMX KAaTAIH3aTropax, MOJU(PHIMPOBAHHBIX MCTAJ-
JaMU TIEPEMECHHON BaleHTHOCTH. MccienoBaHO BIMSHHE HMPUPOIbI KOMIOHCHTOB aKTHBHOH (ha3bl KaraixmsaTopa U
VCIIOBHH TIPOBEACHHS IPOIECCA HA KOHBEPCHIO CEPOCOACPIKAIIETO MOINMYTHOTO HE(TSIHOTO rasza m cocras odpa-
3yromuxcsi coequHeHUH. [Ipm mepepaboTke MOMyTHOTO HE(TIHOTO raza HA CHHTC3HPOBAHHBIX KaTaIHM3aTOPAx
00pa3yroTCsA ra3000pa3HbIC W KHAKHC MPOAYKTHL. B skuakoi (ase oOHAPYKCHBI apOMATHICCKHC COSAHHCHNA (OCH-
301, TOAYOJ, STHIOCH301, KCHIIONBL, HadranuH, (CHAHTPCH), a B ra3oBoi (ase comepxkarca C;-C, yIiieBoIopOIbL.
Tpu nmepepaGoTKe MOMyTHOTO He(TAHOTO rasa Ha Karammsaropax KIIM ¢ poctom Temmeparypsl ot 450 1o 750°C
HAOIFOJACTCS YBEJIMUCHHUE CTCHEHH KoHBEpcHH 10 100%. B 3THX yCIOBHAX BBIXOX TOJYOJA 3HAYMTEIBHO BBIIIC,
yeM OcH30J1a 1 Kcwotosia. B karammzare mpesammpyror Hadramiu u (peHaHTpeH. [IpH mpoBeeHUH HEOKUCIUTEILHOH
KOHBEPCHH MOMyTHOTO HE()TAHOTO ra3a Ha kKarammsarope KIIM kommdecTBO cepocOoAepsKaIUX COCIUHCHHH IO
CPABHCHMIO C HCXOTHBIM TA30M CYIIGCTBEHHO MOHIDKACTCA. [IpH MOBBINICHHBIX Temmepatypax (6onee 500°C)
KapOOHMICY Tb(hHT M METHIMEPKANTAH IIPOIYKTaX MEPEPadOTKH MOMYTHOTO HE(PTAHOTO ra3a OTCYTCTBYIOT.

Pa3paboranrsie kaTamusaTopsl rpynmsl KIIM mo3BOISIOT OXHOBPEMCHHO MPOBOJUTE TIyOOKYHO CEPOOMHUCTKY
1 ITOJIy4aTh APOMATHUCCKUE YTICBOIOPOIBL

KimoueBbie ciioBa: nOnyTHEIH HE(TAHOM a3, apOMATHUECKHE YITICBOIOPOBI, KATAIH3ATOP, IICOJIUT, CEPOCO-
Jiep Kaniye COCMHCHHUS.
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BBeaenne

DddexTuBHas nepepabOTKa TPUPOIHOTO U MOMYTHOTO HE(TIHOTO TA30B OCTACTCS OJAHOH U3 TABHUX
npobneM B Karanuse. B mocieqHue roapl paccMaTpUBAIOTC PA3NHYHBIC MAPIIPYTHI, KAK NPSMbIC, TaK U
KOCBCHHBIC KOHBEPCHHM TPHUPOAHOTO M HOMYTHBIH HE(PTIHOrO Ta3oB B HPOAYKTH HEPTECXMMHUCCKOTO
cunresa. [pupoansii u monytaeid HedTaro# raszel (ITHI) 6vayT npuobpeTars Bece Gonbluee 3HAUCHUE B
Ka4eCTBEC HCTOYHHKA ChIPbS AT HE(PTEXUMHUIECKOro cuHTe3a [1-4] .

PampionansHOoe HCIONB30BAaHUE JICTKHX ATKAHOB, BXOMIIIUX B COCTAB MPHPOJHOTO, MOMYTHOTO H
HE(TE3aBOACKHUX Ta30B, SABMCTCS akTyanbHoU 3amaucii. Anxanel Ci-C,, comepkammecs B 3THX rasax,
MOTYT OBITh NPEBPALICHE B APOMATHUYCCKHE YIICBOAOPOAB B HPUCYTCTBUU LICOTUTCOACPIKAINUX
KaTaINU3aToOpoB. ApPOMATHYCCKHE VITICBONOPOIBI  SIBISIOTCS BAXKHBIM  CBIPEM IO MHOTHX
HeTeXUMUUECKUX mponeccoB. (OAHAKO, A0 HACTOAIICTO BPEMCHH 3HAYUTCIBHASA YacThb JICTKHX
VIJICBOAOPOMHBIX Ta30B HCIOIB3YETCS B KAYCCTBE TCXHOJIOTMYCCKOTO M OBITOBOIO TOIUTUBA WM
CKHUracTcs Ha (hakenax, HAHOCS OIY TUMBIH BPEA SKOI0ruuecKoi obcranoBke [1- 20].

B Hactosmee Bpems B HepTeXUMHUYCCKOH M HeTenepepabaThlBAIOMICH MPOMBIIIICHHOCTH LMIHPOKO
MPUMEHSIOTCA  LCOTUTCOACPIKALINE KATATH3aTOPBl HA OCHOBE BBICOKOKPEMHE3EMHBIX —IICOTHUTOB
CEMEHCTBA MEHTACKT, 001aJar0MUe VHUKATBHOH MHKPOIIOPUCTOH CTPYKTYPOU M KHUCJIOTHO-OCHOBHBIMU
CBOWCTBAMH, CLIOCOOHBIC MPEBPAINATE JICTKUC ATKAHbI B IICHHBIC MPOIYKTHl HEPTCXUMHUUECKOTO CHHTE3A.
Hccnenosanns KaTanuTHUECKUX MPEBPAILCHUH JIETKUX aTKaHOB BEAYTCS BO MHOTHX cTpaHax mupa. [lpu
3TOM HalpaBlICHUC Mpolecca NepepaboTKH U BBIXOX MPOAVKTOB, B OCHOBHOM, 3aBHCAT OT IMPHUPOIBI,
VCAOBHH MPUTOTOBJICHUS KATATU3ATOPa U MPOBEACHUS peakiuu [1-20].

B nmanno# paboTe mpeacTaBIeHBI PE3yAbTATHl HUCCICAOBAHUS Mpolecca NepepaboTKH cepocomep-
»kamero nonytHoro HedTsaHoro raza (IIHI) Ha meonuTtcoaepkampx KaTamusaropax, MOAUGHIMPOBAH-
HBIX METAJUVITAMH MEPEMCHHOHM BaNCHTHOCTH. MccrnenoBaHO BIUSHHE NPHUPOIBI KOMIIOHCHTOB aKTHBHOU
¢ha3el kaTamuzaropa M yclIoBHH mposeacHus mpouecca Ha konsepcuro ITHIT u cocraB oGpasyromuxcs
COCIUHEHUH.

IKCHEePHMEHTATbHAS YACTh

[TpurotoeneHne MOIUGULMPOBAHHBIX LICOTHUTCOACPKAIMMUX KATAIH3ATOPOB OCYIICCTBHIN METOAOM
MPOTIMTKU CMECH IICOJIUTA M THAPOKCHIA ATIOMHHHS BOJHBIMH PACTBOPAMH CONCH MOAM(DHIIUPYOIIX
meTamios. Ilocme dopmosanus mposoaunack cymka mpu 150°C w npokammeamme mpu 550°C.
HccneroBanne katamnTHIECKONW aKTHBHOCTH OCYIIECTBIIAIN B IIPOTOYHBIX YCTAHOBKAX CO CTAIlMOHAPHBIM
cioeM Katanu3atopa. Karaams3aTophl HCHBITaHBI B IPOLECCE MEPEPAOOTKH IMOIYTHOTO HE(TIHOTO rasa
NP BapbUPOBAHUH TEMIICpaTypel peakiuu B uaTepBaie 450-750°C u o6bpemuolM ckopoctu mogauu 100-
300 a”'. CocTaB HCXOHOTO CHIPhS U MPOAYKTOB PEAKITHI OIPEAEIATH XPOMATOrPAHIECKAM METOIOM.

PesynbTaThl u 00cyKIEHHE

[Ipu mepepaboTke MOMYTHOrO HEQTAHOrO raza Ha CHHTC3HPOBAHHBIX KaTaIH3aTopax oOpasyroTcs
ra3000pa3HeIC U KUIKUE NPOAYKTH. B xuakoit daze oOHapyKeHBI apOMaTHUECCKIE COCTUHEHUS (OCH30M,
TONYOJ, OSTHIOCH30, KCwioab, HadramuH, deHanTpeH), a B razoBoi (daze coxepxkarcs C-Cy
VIJICBOAOPOIBL.

[Tpn nmepepaboTie momytHOro HedraHoro raza Ha karamuzarope KIIM-14 npu obvemHO# ckopocTi
200 u”' ¢ poctom TemmepaTypsl oT 450 g0 600°C HabmoaeTCS YBEIMUEHHE CTEMeHH KoHBepcHH 10 Cs ¢
95,7 mo 100%. C moBbIICHHEM TEMIICPATYPBI HAOIIOAACTCS POCT Bbixoaa Gensona ¢ 13,6% (450°C) xo
20,1% (600°C), coaepskanue Toayoda Bospactact ¢ 25,5% (450°C) mo 32,7% (550°C), a mpu 600°C
nonmwkaetes 10 30,9% . Beixoa stuibeHzona ¢ pocToM TeMmeparypsl ymeHbmaetes ot 38,7 xo 15,1%
(rabanua 1) . Ipu moBeIeHUN TeMIEpaTyprl HAOTIOAACTCS KPCKUHT aNKaHOB ¢ 00pa30BaHUCM METAaHA U
srana; ot 15,1 go 38,1% u or 18,8 g0 29,3% coorBercTBenHo. [lomumo MeTaHa U 3TaHa, 0OpazyeTCs
sturen (2.7-13,5%). Tlocre mepepaGorku ITHI mpu 450-550°C cepocoaepKaliie COCAMHCHHS HE
0OHapY KEHBL.

[Ipn wmccnenoBaHuM BIUSHHUS OOBEMHOU CKOPOCTH TNOAAYH CHIPbS HA AKTHBHOCTh KaTaau3aTropa
KITM-14 B pouecce mepepaboTKu CepoCoACPIKAIIETO MOMyTHOro rasa mpu 550°C yCTaHOBICHO, YTO TIPH
100 - 3004 korsepens o Cs cocrasmsier 100 - 97,3% (Tabmuma 2) .
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TaGmmria 1 - Biustaue Temiieparypsl Ha Iiporiece niepepabotku [ THI™ Ha karamusarope KIIM-14

IIpoayxTel HCXOJIHBIN ra3 Temneparypa mporiecca, °C

450 500 | 550 600

cocTaB ra3oBoi dassl, %
Meran 6,5 15,1 26,8 447 38,1
Oran 7,3 18,8 29,5 382 29,3
OtuieH - 9.1 11,4 13,5 2,7
IIponian 32,9 51,7 282 1.9 clI
IIpormnen 43 3,5 4.1 1,7 [
M300yTan 15,6 cII - - clI
Byrtan 26,1 1.8 clI - -
C -onedurnt 7.3 ¢ ¢ ¢ -
COIEPKAHTIE CEPOCOACPKAIIIX COSIUHEHHUI, MI/M
KapGommicyandun 0,030 0TC 0TC 0TC 0TC
Merunmepkarran 0,254 0TC 0TC 0TC 0TC
CoCTaB UKo dassl, %
bemson 13,6 18,6 19,1 20,1
Tomyon 25,5 25,0 32,0 30,9
DTunbdeH301 38,7 24.6 17.1 15,1
Kcmmon - - 0.9 0.8
Cg-YTTIEBOJOPOIBL 52 1,7 0.9 clI
Hadramn 11,4 23.9 28,3 329
OenaHTpeH 5,6 6.2 1,7 2,0
KoHBepeust, %o

Konsepeus C, - 14,3 942 99.9
Kongepeus C, 95,7 100 100 100

Tabmuira 2 - BrousHue oOBheMHONM CKOPOCTH IIOJIaUd CHIPhS HA IIPOIECC IIPEBpaIlieHus] ITOIyTHOTO He(TSHOro rasa Ha
katamuzatope KIIM-14

IIpoayxTs CocTtaB CKOPOCTE TO/IAYH CHIPBS, !
HCXOJIHOTO Ta3a 100 | 200 | 300
cOCTaB Tra3oBoi daser, %
Metan 6,5 44,7 43,9 42,0
Ortan 7.3 38,2 352 35,8
DTuneH - 215 20,9 15,9
IIponian 32,9 1.9 clI 5,0
IIpormnen 43 1,7 clI 13
M300yTan 15,6 - - -
Byrtan 26,1 - - -
C4-onedurnt 7.3 - ¢ -
coiepkaHIe CepocoIep KarX COSTIHEHHI, MI/M
KapGommicyandu 0,030 0TC oTC 0TC
Merunmepkarran 0,254 0TC oTC 0TC
cocTaB XUIKo# pa3pL,%
Bemzon 34,9 29.1 213
Tomyon 23,6 32,0 38,0
DTunbdeHs301 2.5 7.1 8.2
Kcmmon 0,5 0,9 13
Cg -yTTIEB. 0,4 0,9 1.1
Hagramum 38,1 28,3 25,9
OenanTpeH - 1,7 42
Kounsepeus,%
Konsepeus Cs 100 99.6 973
Konsepeus C, 100 100 100
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