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METUWJINPOBAHHUE TOJYOJIA HA MOJUOUITNPOBAHHbBIX
HEOJIMTHBIX KATAJIN3ATOPAX

PeaKLII/IH MCTUIUPOBAHUA TOYOJId MOXKCT IIPOTCKATh B ABYX HAIIPABJICHUAX! 1- AJTKWJIUPOBAHUC I10
METHJIBHOU Tpymrie (B OOKOBOH Iiemu) ¢ OOpa3oBaHHMEM STHIOCH30/1a, 2 — AIKHIHPOBAHUEC MO ATOMY
yriepoaa OCH30/pHOTO KOJbIIa ¢ 00pa3oBaHHEM H3OMEPHBIX KCW10/10B. OO peakiuu MPUBICKAIOT
BHUMAHUC BO3MOXHOCTBIO CO34aHUA TIPOMBIIIICHHOTO O,Z[HOCTa,Z[HfIHOI‘O OKOJOTHYCCKH YHCTOrO,
MAJIOPHCPTOEMKOTO HPOIIECCCa HMOIYUCHUS ICHHBIX MOHOMCPOB M3 JACIICBOrO M JOCTYIHOTO CHIphbA [1-5].
HerunpupoBanueM 3THIOCH307a TMONYYAIOT CTHPOJI, HCIONB3YEMBIH B NPOU3BOJACTBE MOTUCTHPONA,
6YTa,Z[I/ICH-CTI/IpOJ'IbHOI‘O Kay1yKa, NCHOMOJIUCTUPOJIA U AP. A HU30MCPHBIC KCHUJIOJIBbI HCIIOJB3YIOTCA KakK
PacTBOPUTCIM U B CHHTC3C KpaCHTeHeﬁ. CaMbIM LOCHHBIM ABJISICTCA II-U30MCP - I-KCUJIOJ IIPUMC-
HSCTCS KAK ChIPbE ISl CHHTE3a TCPS(PTaICBON KUCIOTHI, SIBJSIOMICHCS MONIYIPOIYKTOM /ISl MOTYYCHUS
MOJIMATUICHTEpeTanarTa, Kak CaMoOro YUCTOro M OIArOMPHUATHOTO A 3A0POBbs THOACH Matcpuana Ams
W3TOTOBJICHUS TaPhl TS MHIICBHIX MPOAYKTOB M MOIH()UPHON POy KLIHH.

B mocaennue roxpl OONBINOW HHTEPEC BBI3BIBACT BO3MOXKHOCTB Pa3pabOTKH HOBBIX CTEpEO-
CHGI_II/I(I)I/I‘ICCKI/IX KaTAIUTUICCKUX NPOUCCCOB IMOJMYUCHUA Mapa-3aMCHICHHBIX apOMaTHUCCKUX YIJICBOAO-
POAOB Ha HCOJUTHBIX KATAIHU3aTOPAX. HepCHCKTI/IBHbIMI/I B 3TOM QaCHCKTC ABJIAKOTCA BBICOKOKPCMHC-
36MHBIC 1EoauThl THa ZSM, 001a1af0ie BEICOKUMH 3HAUYCHUSMH CHJIMKATHOTO MOMYJISL (OTHOIICHHS
S10:AlO moxer BappupoBatecs oT 15-20 go 200 u BhIIIE) U coACpKAIMUE B CBOCH CTPYKTYPE PErysp-
HYIO CUCTEMY KaHAI00OPa3HbIX MHKPOIIOP CO CPEIHUM AnameTpoM MeHee 0,9 HM.

B mpouecce cuHTE3a KCHIONOB U3 TOMYOJa 00pa3yeTcsl paBHOBECHAS CMeCh H30MepoB: mapa — 23 %,
MeTa — 51 % u opto — 26 %. g ZOCTHWKECHUS BEICOKOW CENEKTHBHOCTH MO M-KCHIONY HYKHBI HOBHIC
KaTaIn3aTopbl HA OCHOBE LICOIUTOB C PErYIHPYEMbIMH MapaMeTpamu. biaarogaps yHUKanbHON CTPYKTYpe
ATIOMOCHIHKATHOrO Kapkaca neonut ZSM-5 mpeactaBiseTcs WHTEPECHBIM AN CEICKTHBHOIO Mapa-
ATKWIUPOBaHUA, T.K. BHYTPHU MHUKPOIIOP 3aMCHICHUC B O- U M- IOJOXKCHHUC AOJIZKHO 6LITL CTCPHUUICCKU
sarpyaaeHo. OrpoMHyi0 ponb wurparoT Judhdy3HOHHBIC OTPAHUYCHUS, YTO ONArONPHITHO SIS
00pa30BaHus M-KCHIIOMA, T.K. CKOPOCTh NMPOHUKHOBEHUS M-U30MEPA B MOPUCTYIO CTPYKTYPY HA 3 mopsaka
BBIIIC, UYCM Yy O- U M-U30MCPOB. BCJ'IC,Z[CTBI/IG 3TOTO HSOMeprIﬁ COCTaB MPOAYKTOB MCTHUIUPOBAHUA
TONYOJIa 3aBUCHT OT Pa3MEPOB LICOIUTHBIX KPUCTATIIOB — U4eM Ooubiie AnmuHa UG Y3HOHHBIX TYTEH, TEM
BBHIIIC COACPKAHUEC ITHHEHHOro m3oMmepa m-kcumona. Ilokaszano, uto meomutsl THnma ZSM, obnazarot
MAKCHUMAaTIbHOH CPEOU ILICOMUTOB 3ICKTPOOTPHLUATEIBHOCTHIO (~ 4.2) M MPOSBISIOT MaKCHMATBHYIO
aKTHBHOCTPH B AJIKHWIMPOBAHHH TOIYOJIA B ApOMATHIECKOE KOJIBLIO, & IMEHHO ITapa-CeIeKTUBHOCTHIO [6].

O,Z[HI/IM nu3 HYTCﬁ U3MCHCHHUA KATATUTUUYCCKUX U MOJICKYJIAPHO-CUTOBBIX CBOIICTB OCOJHUTOB ABJISCTCA
HAIPABICHHOS PETYIUPOBAHUE TIOP W MOAU(DUIHUPOBAHUE KHCAOTHBIX LICHTPOB MyTEM HM3MCHCHUS
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KOJIMYCCTBA KHUCIOTHBIX LICHTPOB U UX mpupoasl |7-8]. Hampumep, Mmoguduuunposanne neonnta ZSM-5
coenuHeHUsIMH O0pa, dochopa, MarHus U KPEeMHHS OKA3bIBACT MAPA-OPUCHTHPYIOIICS BIUSHHUC HA €ro
AKTUBHOCTh B PCAKIIMX ATKUIHPOBAHUS ATKAIAPOMATHICCKUX VITICBOAOPOAOB [7-9].

B Hacrosmeit pabote HmpHUBOAATCS PE3yJBTAThl HCCICAOBAHHMN MPEBPALICHHS TOMYOJIa B MPOLIECCE
METHIHPOBAHUS B NPUCYTCTBUH MOAM(MULMPOBAHHBIX KATAIH3aTOPOB HA OCHOBE CHHTCTHYCCKOTO
neomuta ZSM-5 ¢ mompHbIM oTHOomeHHeM Si0»/AlO; 35, 80 u 135, xortopeie moxuduLHpoBaTH
peakoszemensHbiMu 3neMeHTaMu (P33J) — La, Ce u Sc. Peakipiro npoBoanian HA MPOTOYHON YCTAHOBKE
«Finetech 4000» ¢ zarpyskoii 5,0 cm® karammsaTopa npu Temneparype 250-500 °C. AHanu3 nmpoxyKTOB
PCaKMH OCYINCCTBIIIM METOJAOM Ta30KHUIKOCTHOU xpomarorpadun Ha xpomarorpade Kpucranmoxc
2000M.

Tonyon mpespamaetes B kewaonl coriacHo peakiun: CqHs-CH; + CH;0H - CsHu-(CHs), + H,0

HccaemoBaiocs BIMSHHE BSIMYHHBI KPEMHE3CMHOro Moayias neoaura HZSM-5, cootHoueHus
TOIYOJI:METAHOI, TPUPOABI MOAU(PUIUPYIOIETro MeTanna U temoeparypel B auanazone 250-500 °C Ha
KOHBEPCHIO TONYOIA, BEIXOb H30MEPHBIX KCHIOJIOB U CEICKTHBHOCTE IO M-KCHITOMY .

C poctoM KpemMHE3eMHOTO MOAYJs LeoauT ZSM-5 ot 35 mo 135 akTHBHOCTH KATAJIU3ATOPOB
BospacraeT (tabmuia 1), HA caMOM aKTHBHOM MOAyJe neonuta — 135 HaOMIOAAOTCS MAKCHUMATBHBIC
3HAYCHUS KOHBEPCHH TOayona — 65 %, Bbixona n-kcuioia — 38 % M CeNCKTUBHOCTh MO M-KCHIOay — 59
%. T.e. ueM BBIIIIC MOAYNB LICOTUTA, TEM BHIIIC €TO AKTHBHOCTD B CHHTE3€ M-KCHIIONA.

Tabmura 1 — MetwinpoBanue toiyolna Ha HZ.SM-5 katamszarope
¢ pasubpM Moy TeM pr0,86 vac™!, 300 °C, Iipy COOTHOIIEHHH TOITY OJ: METaHOT 1:3

Karamsaro Kompepcust Brexon, % CeNekTUBHOCTE 110 II-
P Toiyona, % TT-xcumon M-kcunon O-KCHIOI Kewony, %

HZSM-5 (35) 56 32 22 4 57

HZSM-5 (80) 60 35 24 4 58

HZSM-5 (135) 65 38 25 3 59

BaprupoBaics coctaB peakMOHHOH CMECH — COOTHOLIECHUE ToyomMeTanon ot 2:1 go 1:4 (tabmuna
2). KoHBepcuna Tomyona, BBIXOA M-KCHIONA U CEICKTUBHOCTh MO M-KCHIONY YBEIMYHBACTCS C POCTOM
COOTHOIIEHHU TOMyox:MeTaHon oT 1:1 go 1:3, a nanpHeHImee MOBHIICHUE COACpIKaHUA MeTaHoIa A0 1:4
CHIDKACT BCJIIMUYMHBI DTHX ITOKa3arTejacH. MUHMMAIBHBIC 3HAYCHUS KOHBCPCHUHU TOJIyOJIa 65 %, BbIXOAa II-
kewaoaa 38 % U CeIEKTUBHOCTH MO H-KCWI0AY 59 % HaOIH0Aa0TCS MPU COOTHOIICHUH TOJTYOJ1: METAHOJT
2:1. OnTuManbHEIM COOTHOLICHHUEM TONMYOI:METAaHON aBisieTcsa  1:3.

TaGmuira 2 — MetwmpoBanue Tonyolna Ha HZSM-5 (135) katammsarope
pu 0,86 wac™!, 300 °C ¢ pasTHUHBIM COOTHOIIEHHEM TOTYOII: METAHOIT

CooTHoIIeHHE Konsepcus Brexon, % CeeKTUBHOCTD
TOIYOJ: METAHOI Toiyona, % TI-xcumon M-xcmnon O-Kcmion 110 II-Keunony, %
1:1 58 31 22 5 54
1:2 64 38 23 3 58
1:3 65 38 25 3 59
1:4 63 37 24 2 58
2:1 45 22 19 4 49

Momuduuuposanne wneomura ZSM-5 wmertamnamu P39 -La,Ce u Sc yBenudmBaceT KOHBEPCHIO
TOJYOJa, BBIXOA OCHOBHOTO MPOAYKTA M CEJICKTUBHOCTh MO IM-KCHJIONY IO CPABHCHHIO C HCXOIHBIM
ueosuToM (tabnuua 3). BeisBacH Han0o/I€€ aKTUBHBIN PEAKO3CMEIbHBIN Metaat — La, HA xoTOpoM
HAOITIOTANCh MAKCHUMAJTBHASL KOHBEPCHS TOMyoa A0 85 %, BIXO M-KCUI0a 10 39 % U CeNCKTHBHOCTh
o M-KCUJI0J1y A0 69 % I'lo akTMBHOCTH B napa-MCTUINPOBAHUN TOJIYOJIa MCTAIIBI MOYKHO PACIIOIOXKUTH
B caeayromuii psa: La > Ce > Sc. Bmusaue La, Ce u Sc, o cpaBHEHHIO ¢ HCXOAHOH (OPMOM CBA3aHO, B
OCHOBHOM, C ABYMHA (baKTOpaMI/I: BCICACTBUC XHUMHYCCKOTO MO,Z[I/I(I)I/ILII/IpOBaHI/IH OPOUCXOAUT CYKCHUC
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KaHAJIOB IICO/INTA, YTO MPUBOAUT K YBCAUUCHUIO AU(GQY3UH MOJNCKYJ M-KCUIOJAa H BO3PACTAHHUIO
CTCPUYCCKUX TPETATCTBUH At Au(Gdy3ur 0- U M-KCHIOJIOB, a TAKKES YMCHBIICHUIO MO CHIBHBIX
MPOTOHHBIX LICHTPOB HA MOBEPXHOCTH LIEOJINTA.

Tabmma 3 — MeTwmpoBaHye TONYOIa Ha TIEONMUTHRIX KaTalr3aTopax, Mo (QUITMPOBAHHBIX pazMIHbIMU P30,
mpu 0,86 uac™!, 300 °C, COOTHOIIEHHE TONYOIL MeTaHol 1:3

Karammzatop Konsepcus Brxon, % CeJeKTUBHOCTS IIO TI-
Toiyoina, % Kewiony, %
[ I-xcunon M-xcminon O-KCHI101
HZSM-5 65 38 25 3 59
La-ZSM-5 85 59 24 2 69
Ce-ZSM-5 80 52 24 4 65
Sc-ZSM-5 77 48 26 3 63

MeTtoaom mopoMeTpuH mokaszaHo, 4yro Moaupunuposanue HZSM-5 ymeHpInaeT pazmMep nop: eciu Ha
YUCTOM LigoNUTe pasmep nop (kanaiaoB) coctrasimsin 0,6 uM, To mpu BBeacHuu La — 0.4 um, Ce u Sc — 0,5
HM. DTHM OOYCIOBJICHO TIOBBIIICHHUE NTAPaA-CEICKTUBHOCTH MO M-KCHIOIY MOJU(PHIIMPOBAHHBIX LICOTUTOB.
Kpome Ttoro, mMomuduimpoBaHue EOTHTAa H3MCHSACT €r0 MOBEPXHOCTHYIO KHCJIOTHOCTh. Pe3ymbraTsl
TEPMONPOTPAMMHPOBAHHOHN ACCOPOLIMH aMMHUaKa MOKA3aId, YTO PEAKO3CMEIBHBIC 3JICMCHTHI CHIKAIOT
KHCJIOTHOCTb CHJIBHBIX KHCIOTHBIX IIEHTPOB, 4 MMEHHO YMEHBIIAIOT KOHICHTPALMIO KUCIOTHBEIX LIEHTPOB
bpencrena Ha 35 % M yBeqMUMBAOT KOIM4eCTBO LCHTPOB JIprouca Ha 28 %, 4TO TakkKe MOBBIIIACT
CEJIEKTHBHOCTb T10 TI-KCHJIOTY.

Hccaenosanus nposoguiu B TemreparypHom untepsaie 250-500 °C (tabmuna 4). Beibop mnanHOTO
TEMIICPATYPHOrO HHTEPBATA OCHOBAH HA AHANIN3C JTUTCPATYPHBIX M COOCTBEHHBIX 3KCIICPHMEHTATBHBIX
JaHHbIX [4-5]. CenekTHBHOCTh METHIMPOBAHUS TOIYOJIA B M-KCHUJION VBCIHYHMBACTCA C MOBBIIICHHEM
TEMIICPATYPhL, YTO KOCBCHHO YKa3bIBACT HA HEOOXOAUMOCTD MpeoaoncHus (P y3HOHHBIX 3aTpyAHCHHI.
OnrumansHOU TeMneparypoi BeiOpans 3HaueHus 300-400 °C.

Tabmua 4 — Merwmpopare Tonyona Ha La-ZSM-5 xaramusarope mpu 0,86 yac™,
COOTHOIIIEHHUE TOJIYOJL: METaHOM 1:3 IIpU pa3IuHbIX TeMIlepaTypax

Temrrepa- Konsepcus Brixon, % CeJIeKTUBHOCTS 110
Typa, °C Toiyoia, % II-kcumon M-Kkcuinon O-KCHII0T TI-Keunony, %
250 65 40 22 3 61
300 85 59 24 2 69
350 86 60 23 3 70
400 87 60 24 2 69
500 89 55 28 6 62

MeTomzoMm peHtreHo-(a3oBOro aHanmMsa MOKasaHo, 4To Moauduumposanne P30 He w3Mmenser
KPUCTAUTHYCCKYHO CTPYKTYPY Heouta ZSM-5 (pucyHok 1).
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Prcynox 1 — Jluppaxrorpammer HZSM-5 1o (1) 1 mocne Mo mpurupopanmst La(2)
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Takum oOpa3oM, BRICOKMH KpeMHE3eMHBIH Moxyme ZSM-5 u ontumaneHas Temrmeparypa obecrie-
YUBACT YBEIMYICHHUE Mapa-ceackruBHocTr. M3 ncnoap3oBanabix Mogudukaropos P30 naHntan okaseiBacT
HauOOJIBIICE MAPA-OPUCHTUPYIOIISE BIMUSHUC HA aKTUBHOCTh ZSM-5 B peakuny METHIHMPOBAHUS TOTYONA
Y TIOKA3a/10 HAWTYYIIHE PE3Y/IbTaThl, MAKCHMATBHASL KOHBEPCHS TOTyoj1a 10 85 %, Beixoa m-kcumona a0 59
% ¥ CEACKTUBHOCTH MO M-KCHIIOIY 10 69 %.

A.T. Massenova, MLK. Kalykberdiyev,
A.S. Zhumakanova, A.S. Sass, D.Sh. Kassenova

JSC "D.V. Sokolskiy Institute of Fuel, Catalysis and Electrochemistry", Almaty, Kazakhstan
TOLUENE METHYLATION ON THE MODIFIED ZEOLITE CATALYSTS

Abstract. The toluene methylation reaction can proceed in two directions: 1 — alkylation on the methyl group
(in the side chain) with the formation of ethylbenzene, 2 — alkylation on the carbon atom of the benzene ring with the
formation of isomeric xylenes. Both reactions attracted the attention of researchers by the possibility of creating of
industrial one-stage environmentally friendly, low-energy process for producing valuable monomers from cheaper
and more affordable raw materials - styrene and p-xylene, used for the synthesis of polystyrenes and polyethylene
terephthalate.

During the synthesis of xylenes from toluene, an equilibrium mixture of isomers is formed: para — 23 %, meta
— 51 % and ortho — 26 %. To achieve high selectivity for p-xylene, new catalysts based on zeolites with adjustable
parameters are needed. Due to the unique structure of the aluminosilicate framework, ZSM-5 zeolite is of great
interest for selective para-alkylation, since inside micropores substitution in the o- and m-position should be
sterically difficult. A huge role is played by diffusion restrictions, which is favorable for the formation of p-xylene,
because the penetration rate of the p-isomer into the porous structure is 3 orders of magnitude higher than that of the
o- and m-isomers. As a result of this, the isomeric composition of toluene methylation products depends on the size
of zeolite crystals — the longer the diffusion paths, the higher the content of the linear p-xylene isomer. In addition,
zeolites of the ZSM type have the highest electronegativity among the zeolites (~ 4.2) and exhibit maximum activity
in the alkylation of toluene into the aromatic ring, namely, para-selectivity. One of the ways to change the catalytic
and molecular sieve propertics of zeolites is directed regulation of pores and modification of acid centers by
changing the number of acid centers and their nature.

The paper presents the results of studies of the conversion of toluene during methylation in the presence of
modified catalysts based on synthetic zeolite ZSM-5 with different modules SiO»/Al,O3 35, 80, and 135 which were
modified with rare-carth elements (REE) — La, Ce, and Sc. The process was carried out under flowing conditions at
the installation "Finetech 4000". It has been studied the following parameters of the process: the effect of the silica
modulus of zeolite HZSM-5, the ratio of toluene : methanol, the nature of the modifying metal and the temperature in
the range of 250-500°C on the conversion of toluene, the yields of isomeric xylenes and selectivity for p-xylene. It
was found that, with the growth of the silica module, the zeolite ZSM-5 from 35 to 135 catalyst activity increases.
On the most active zeolite module — 135, the maximum values of toluene conversion are observed 65 %, p-xylene
yield 38 % and selectivity 59 %. That is, the higher the zeolite modulus, the higher its activity in the synthesis of p-
xylene. The optimal composition of the reaction mixture was chosen - the toluene:methanol ratio of 1:3, at which the
maximum values of toluene conversion were obtained 65 %, p-xylene yield 38 %, and selectivity for p-xylene 59 %.
The selectivity of methylation of toluene to p-xylene increases in the temperature range of 250-500 °C, the maximum
values of toluene conversion, yield of p-xylene and selectivity for p-xylene are observed at optimal temperatures of
300-400 °C.

Modification of ZSM-5 zeolite with REE (rare earth elements) — La, Ce and Sc increases toluene conversion,
yield of the main product and selectivity for p-xylene compared to the initial zeolite. It was found the most active
rare-carth metal — La, on which the maximum conversion of toluene reached to 85 %, the yield of p-xylene — 59 %,
and the selectivity for p-xylene to 69 %. By activity in para-methylation, metals can be arranged in the following
row: La > Ce > Sc. The effect of La, Ce, and Sc, compared with the initial form, is mainly associated with two
factors: due to chemical modification, the zeolite channels are narrowed, which leads to an increase of diffusion of p-
xylene molecules and an increase in steric hindrances for the diffusion of o- and m-xylenes, as well as a decrease in
the proportion of strong proton centers on the zeolite surface. Using porosimetry, it was shown that the modification
of HZSM-5 reduces pore size: while on pure zeolite, the pore (channel) size was 0.6 nm, then with the introduction
of La - 0.4 nm, Ce and Sc — 0.5 nm. This caused the increase in para-selectivity for p-xylene of modified zeolites. In
addition, the modification of zeolite changes its surface acidity. The results of thermoprogrammed ammonia
desorption showed that rare-carth clements reduce the acidity of strong acid centers, namely, they reduce the
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concentration of Bronsted acid centers to 35 % and increase the number of Lewis centers to 28 %, which also
increases the selectivity for p-xylene. By X-ray phase analysis, it was shown that the modification does not change
the crystal structure of ZSM-5 zeolite. Thus, the high silica module ZSM-5 and the optimum temperature provide an
increase in para-selectivity. Of the REE modifiers used, lanthanum exerted the largest para-orienting effect on the
activity of ZSM-5 in the toluene methylation reaction and showed the best results: maximum toluene conversion up
to 85 %, p-xylene yield up to 59 % and p-xylene selectivity up to 69 %.
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