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2 Clarivate
Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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METUJIMPOBAHHUE TOJYOJIA HA MOIANP®PUIITUPOBAHHbBIX
HEOJIMTHBIX KATAJIN3ATOPAX

Peakiust MeTHIMPOBaHUS TOIYOJIa MOXET NMPOTEKaTh B JBYX HANpaBICHHUIX: | — alKUJIMPOBAaHUE MO
METHJIBHOM rpynme (B OOKOBOH Lemu) ¢ o0pa3oBaHHMEM 3TUIOCH30M1a, 2 — aJKHJIMPOBAHUE IO ATOMY
yriieposia OCH30JFHOTO KOJIbIIAa C 00pa30BaHMEM HM30MEPHBIX KCHiojioB. O0e peakIMu IMPUBICKAIOT
BHUMAHUEC BO3MOXHOCTBIO CO3JaHUA IIPOMBIIIIICHHOTO OI[HOCTaZIHﬁHOFO OKOJIOTUYECKH YHUCTOrO,
MaJIO9HEPrOEMKOT0 TpoLecca MOMydeHHs IEHHBIX MOHOMEPOB M3 JCUICBOTO U AOCTYIHOTO CBIphA [1-5].
JerunpupoBanueM >TUI0€H307a IOAY4Yar0T CTHPOJ, HCIONb3YeMbIl B IPOU3BOJACTBE IOJUCTHUPOIA,
6YTaZII/IeH-CTI/Ip0JIBHOI‘O KaydyKa, IE€HOIIOJIUCTUPOJIa U JP. A N30MCPHBIC KCHJIOJBI MCIIOJIB3YIOTCA KakK
pacTBOPUTCIIM U B CHUHTE3C KpacmTeneﬁ. CaMbIM HCHHBIM SBJISICTCA M-U30MEP - IM-KCHUJIOJI MTpHUMC-
HSIETCS KaK CBIPBE ISl CHHTE3a Tepe(TaraeBOil KUCIIOTHI, SBISIOMICHCS MOMYyNIPOIYKTOM JUISl TTOJIyYCHHS
noJvdTHIeHTepedTanaTa, Kak caMoro YUCTOr0 W ONArompHATHOTO JIJIsl 3JI0POBbs JIFOJICH MaTepuana Juist
W3TOTOBJICHUS Tapbl VIS TULICBBIX TPOAYKTOB U OIUA(UPHON MPOIYKLIUH.

B mocnemnue rompl OONBIION HHTEpPEC BBI3BIBAET BO3MOXHOCTH Pa3pabOTKH HOBBIX CTEpEo-
crenn(pUUecKuX KaTaIUTHYECKUX IIPOIECCOB MOJIyUYCHHs Mapa-3aMELICHHBIX apOMAaTHYECKUX YITIEBOAO-
POAOB Ha NCOJMTHBIX KaTaJn3aTopax. HepCHeKTI/IBHLIMI/I B OTOM aCHEKTC ABJIAIOTCA BBICOKOKPEMHE-
3éMHBIC [EONHuTHl TUna ZSM, obnanaromiye BHICOKMMH 3HAYEHUSIMH CHIIMKATHOTO MOAYJSl (OTHOIIEHHUE
Si0:AlO moxeT BapbpupoBaThes OT 15-20 mo 200 u BBIIIE) B COACpPIKAIIIE B CBOCH CTPYKTypE Peryiisip-
HYIO CHCTEMY KaHaJl000pa3HBIX MHKPOIIOp CO CpeIHUM auameTpoM meHee 0,9 HM.

B mporecce cuHTE3a KCHIIONIOB U3 TOMyoJia 00pa3yeTcs paBHOBECHAs! cMech H30MepoB: mapa — 23 %,
Meta — 51 % u opto — 26 %. JIns AOCTHKEHUS BBICOKOH CENEKTUBHOCTHU IO M-KCHIIONY HY)KHBI HOBBIE
KaTaJu3aToOpbl HA OCHOBE LIEOJIHMTOB C PETyIHPyEeMbIMU IIapaMeTpaMu. biaronaps yHUKaIbHOM CTPYyKType
ATIOMOCHJIMKATHOTO Kapkaca meonuT ZSM-5 mpencTaBisieTcsi MHTEPECHBIM IS CEJIEKTHBHOTO Tapa-
AIKUIIMPOBAHUS, T.K. BHYTPH MHKDPOIOpP 3aMEIICHHE B O- U M- MOJOXXEHHE NOKHO OBITH CTEPHUYECKH
3arpynaHeHo. OrpoMHYI0 poilb HrparoT UGG Y3HOHHBIC OTPAHWYCHUS, YTO OJIATONPHUATHO IS
00pa3oBaHMs M-KCHJIONA, T.K. CKOPOCTh MPOHUKHOBEHHS MI-M30Mepa B IOPHUCTYIO CTPYKTYpY Ha 3 mopsiika
BBINIIE, YeM Yy O- M M-M30MepoB. BcienctBue 3TOro0 M30MEpHBIM COCTaB MPOAYKTOB METHIMPOBAHUS
TOJIyOJIa 3aBHUCHUT OT Pa3MEPOB LICOIMTHBIX KPUCTAIJIOB — YyeM OoJble JnHa A (y3HOHHBIX MyTeH, TeM
BBIIIE COJIEpXKaHME JMHEHHOro n3omepa m-kcwioina. [lokazaHo, 4to meomutel Tuma ZSM, obnagaroT
MaKCHUMaJbHOM Cpeau LEOJUTOB 3JCKTPOOTPHLATENBHOCTHIO (~ 4,2) M TMPOSBIAIOT MaKCHUMaJbHYIO
AKTHUBHOCTD B aJIKWJIMPOBAHUHU TOJIyOJIa B apOMaTHYECKOE KOJIbLO, @ UMEHHO I1apa-CeJIeKTUBHOCTHIO [6].

OpHuM U3 MyTel N3MEHEHUs KaTATUTUIECKUX U MOJICKYJISIPHO-CUTOBBIX CBOMCTB II€OJINTOB SBIISIETCS
HaIllpaBJICHHOC PETyJIMPOBaHUC IIOp H MOIIH(i)I/IHI/IpOBaHI/Ie KHCJIIOTHBIX ILCHTPOB IIYTEM U3MCHCHUA
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KOJIMYECTBA KUCIIOTHBIX LIEHTPOB W UX mpupoasl [7-8]. Hanpumep, momuduiupoanue mneoinra ZSM-5
coeuHeHUIMH Oopa, docdopa, MarHUS U KPEMHHUs OKa3bIBaeT Mapa-OpPHECHTUPYIOIICE BIMSHUE HA €ro
aKTUBHOCTD B PEAKIHAX AKWINPOBAHHS aJKUIAPOMATHIECKUAX YIIIEBOIOPOIOB [7-9].

B macrosimeit pabote mMpUBOAATCS Pe3yIbTAThl MCCIENOBAHUHA MPEBPAIeHHUS TONyoJa B IPOIEcce
METHJIMPOBAaHUS B MPUCYTCTBUH MOIU(PHUIIMPOBAHHBIX KaTaJU3aTOPOB HAa OCHOBE CHHTETHYCCKOIO
neonuta ZSM-5 ¢ monpHBIM oTHomeHneM SiO»/Al,Os 35, 80 m 135, xoTOphle MOIUQPHUIMPOBAIU
peaxo3zeMensHBIME dieMeHTamMu (P33) — La, Ce u Sc. Peakmnuio mpoBoaWiM Ha MPOTOYHON YCTaHOBKE
«Finetech 4000» ¢ 3arpyskoii 5,0 cM® kaTanusaTopa Tpu Temmneparype 250-500 °C. AHamu3 mpoayKToOB
peaKUK OCYIICCTBIISUIA METOJOM Ta30KUIAKOCTHOW Xpomarorpaduu Ha xpomarorpade Kpucramirokc
2000M.

Tomnyon mpeBparaercs B keunoisl cornacuo peakmuu: C¢Hs-CH; + CH;0OH - C¢Hy-(CH3), + H2O

HccnenoBanoch BIUSHUE BEIWYMHBI KPEMHE3EMHOTO Mojayis Ieonuta HZSM-5, cooTHomeHus
TOJYOJI:METAHOJ, TPUPOILI MOAMMUIIUPYIONIEro MeTanaa U TeMmreparypsl B auamaszone 250-500 °C Ha
KOHBEPCHIO TOIYOJIa, BEIXOJIBI H30MEPHBIX KCHIIONOB M CEJIEKTUBHOCTH 110 T-KCHIIONY.

C pocToM KpeMHE3eMHOro MOayis mneoauT ZSM-5 ot 35 go 135 akTUBHOCTH KaTaliM3aTOPOB
Bo3pacraeT (Tabmmma 1), HA caMOM aKTUBHOM MOJyJie IeoiuTa — 135 HaOIIOMAlTCs MaKCUMalbHBIC
3Ha4YeHHUs KOHBEpCHHU Toiryola — 65 %, BeIxona m-kcuiona — 38 % ¥ CeleKTHBHOCTH I10 M-KCHIIoIy — 59
%. T.e. 4eM BBIIIE MOAYJIb IICOJIUTA, TEM BBIIIE €T0 aKTUBHOCTh B CHHTE3€ M-KCHIIONIA.

Tabmuna 1 — Metunuposanue Toxyona Ha HZSM-5 karanusarope
¢ pasaeiM Moxysiem npu0,86 gac™!, 300 °C, nmpu COOTHOLIEHNH TOMYONI:MeTaHox 1:3

Karanmsaro Kousepcus Brixon, % CeJIEKTUBHOCTE I10 II-
P Tosyona, %o [I-kcunon M-kcuson O-kcuion Kcuony, %

HZSM-5 (35) 56 32 22 4 57

HZSM-5 (80) 60 35 24 4 58

HZSM-5 (135) 65 38 25 3 59

BapwupoBancs cocTaB peakiiHOHHOH CMECH — COOTHOIIIEHHE Toyol:MeTanon ot 2:1 mo 1:4 (tabmuna
2). KonBepcusi Tomyouna, BBIXOJ H-KCHJIONA M CEIEKTUBHOCTH MO TM-KCHJIONY YBEITHYHWBAETCS C POCTOM
COOTHOIICHUSI TONyo:MeTanon oT 1:1 no 1:3, a ganpHeiiee NOBBIIEHUE COACPKAaHUS MeTaHona a0 1:4
CHIDKAeT BEJIMYMHBI 3TUX IMMOKa3zareneid. MuHNMabHbIE 3HAYeHUsI KOHBEpCHU Toiryola 65 %, BhIXoja Ii-
keryona 38 % W CeNeKTUBHOCTH IO T-KCHiony 59 % HaOmronatoTcsi MPU COOTHOMIEHUH TOIYOJI:METaHOI
2:1. OnTuManbHBIM COOTHOIIICHUEM TOIYOI:METaHON sBsieTcss  1:3.

Tabmuna 2 — Metunupoanue toxyona Ha HZSM-5 (135) xaranu3sarope
npu 0,86 yac™!, 300 °C ¢ pasaMIHBIM COOTHOIIEHHEM TOJIYOJI:METAHOJI

CootHoleHue Kousepcus Boixox, % CeneKTUBHOCTh
TOJIYOJI:METaHOJI ToJyoina, % [-kcunon M-kcunon O-kcuion 10 M-KCWIony, %
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

MomudurupoBanue 1eonura ZSM-5 metammamu P35 -La,Ce m Sc yBenmunBaeT KOHBEPCHIO
TOJIyOJa, BBIXOJ OCHOBHOT'O MPOAYKTAa M CEIEKTMBHOCTH IO I-KCHJIONY IO CPaBHEHHUIO C HCXOIHBIM
neonutoM (tabmuua 3). BeiaBnen Hambosee akTHBHBIM peAKO3eMENbHBIA MeTaul — La, Ha KOTOpoM
HaAOII0JATNCh MaKCHMallbHAsE KOHBEPCHUS TOMyona 10 85 %, BBIXOA M-Kcwmitoia 10 59 % 1 celeKTHBHOCTh
o n-kcujony 10 69 %. Ilo akTHBHOCTH B Mapa-MEeTUIMPOBAHUU TOIYOJIa METAJIBI MOYKHO PACIIOIOKUTh
B cienytoummid psia: La > Ce > Sc. Bimstaue La, Ce u Sc, mo cpaBHEHHIO ¢ HCXOAHOW (OpMOii cBA3aHO, B
OCHOBHOM, C IOBYMs (hakTopamM: BCJIEACTBHE XMMHYECKOT0 MOAW(MHUIMPOBAHMS IPOUCXOIUT CYKEHHUE
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KaHaJOB II€0JIUTA, YTO NPUBOJUT K YBEIMYCHUIO AU(PQPY3UMH MOJNEKYJ I-KCHIoja U BO3PACTAHHIO
CTEpUYECKUX NpensaTcTBuid s auddy3un o- ¥ M-KCHIIOJNOB, a TaKXKe YMCHBIICHHIO JIOJU CHIBHBIX
MIPOTOHHBIX IIEHTPOB HA MIOBEPXHOCTH IICOJTHTA.

Tabnuua 3 — MeTunnpoBaHKe TOTyOJIa Ha LEOIUTHBIX KaTalM3aTopax, MOAUGHIMPOBAHHBIX pa3nuuHbiMu P30,
npu 0,86 yac™!, 300 °C, cooTHOIIEHHE TOTyOsI:MeTanHo 1:3

Karanmusarop Konsepcus Bexon, % CeneKTHBHOCTS T10 TI-
Tomyona, % Kewtouy, %
I1-xcumon M-kcuiton O-KCHII0NT
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

MetoaoM MopoMeTpHH ToKa3aHo, uTo MoaudunupoBanue HZSM-5 yMeHbIaeT pa3mep 1mop: €Clid Ha
YHCTOM IIe0JHTe pa3Mep nop (kaHamoB) coctausan 0,6 HM, To nipu BBenenuu La — 0,4 um, Ce u Sc — 0,5
HM. DTUM 00YCIJIOBIICHO TIOBBILIICHUE TIapa-CEIIEKTUBHOCTH MO M-KCHIIOIY MOAH(DUIIMPOBAHHBIX LIEOJIUTOB.
Kpome Toro, mMomuduuupoBaHHE LEONHUTa H3MEHSET €ro MOBEPXHOCTHYIO KHCIOTHOCTb. Pe3ynbTarhl
TEPMOIIPOrPaMMHUPOBAHHON JecOpOLMN aMMHaKa TOKa3alH, YTO PEAKO3EMENIbHBIE 3JIEMEHTHI CHIKAIOT
KHCJIOTHOCTh CHJIBHBIX KHUCIIOTHBIX IIGHTPOB, @ MIMEHHO YMEHBIIAIOT KOHIIEHTPALIMIO KUCIOTHBIX IIEHTPOB
bpencrena Ha 35 % W yBenMYMBAIOT KOJWMYECTBO LIEHTpPOB JIptonca Ha 28 %, YTO TakKe MOBBIIIACT
CEJIEKTUBHOCTD 110 II-KCUIIOITY.

Wccnenoanus npoBoAwin B TemrepaTypHoM untepBane 250-500 °C (tabnuna 4). Beibop nanHoro
TEMIIEPaTypHOrO MHTEpPBaJia OCHOBAaH Ha aHAIU3€ JUTEPATYPHBIX M COOCTBEHHBIX 3KCIIEPUMEHTAIBHBIX
JaHHbIX [4-5]. CeneKTUBHOCTh METHIMPOBAHMS TONYOJa B I-KCHJION YBEIHMYMBACTCS C IOBBILICHUEM
TEMIIepaTyphl, YTO KOCBEHHO YKa3bIBaCT HAa HEOOXOAMMOCTh TpeoJoIeHuUs U((y3HOHHBIX 3aTpyIHCHHH.
OnrtumansHOU TemnepaTypoii BeiOpansl 3HaueHus 300-400 °C.

Ta6muua 4 — Metunuposanue Tonyona Ha La-ZSM-5 karanuzarope rpu 0,86 yac™
COOTHOILICHUE TOJIyOJI: MeTaHoM 1:3 mpu pa3nuyHbIX TEMIepaTypax

s

Temnepa- Konsepcus Beixon, % CeneKTUBHOCTD 110
Typa, °C Toiyona, % [1-xcuon M-kcuion O-kcuio n-Kcuiony, %
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

MeTtonoM peHTreHo-(a3oBOro aHain3a IOoKa3aHo, 4To MoaudunupoBanue P3D He H3MeEHsET
KPUCTaJUTMYECKYIO CTPYKTYPY meosmmnta ZSM-5 (pucyHOK 1).

Hurencnenocts

0 5 10 15 20 25 30 35 40 45 S50 55 60 65 T

2000

Pucynok 1 — Tudpakrorpammer HZSM-5 no (1) u mocne moguduunposanus La(2)
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Takum 00pa3oM, BBICOKMI KpeMHE3eMHBIH Moaynb ZSM-5 u onTuMaibHas TeMIiepaTypa obecrie-
YHMBaeT yBEJIHUCHHE Mapa-celeKTUBHOCTH. W3 ncnonap3oBaHHBIX MoandukaTopoB P33 nantaH okas3biBaeT
HauOoJbllIee Napa-OpUeHTUPYIOIEe BIUSHUE HAa aKTUBHOCTh ZSM-5 B peakLny METUIHMPOBAHHS TOIyoJa
Y TIOKa3aJi0 HaWTy4Illie pe3yIbTaThl: MaKCHMalbHas KOHBepCHs ToIyona 1o 85 %, BbIxoxa m-kcwitona 10 59
% ¥ CeNneKTUBHOCTH O M-KCHIoy 110 69 %.

A.T. Massenova, M.K. 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 properties 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 Si0»/A1,03 35, 80, and 135 which were
modified with rare-earth 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-earth elements reduce the acidity of strong acid centers, namely, they reduce the
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concentration of Brensted 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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