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Aunnomayus. BoccTaHOBIIEHHE AKTHBHOCTU KAaTaJIUTHUYECKUX CHUCTEM SBISETCS Ba)KHOU
Hay4HO-TEeXHUYECKo! 3amaueil. Ha cerognsunmii feHp pazpaboTaHo 00JIbIIOE KOJTUYECTBO METOIOB
pereHepanMyu KaTajlu3aToOpoB BKIIOYas: 00pabOTKy YIBTPa3ByKOM, KHCJIOTaMH, ILEI0YaMH,
BOJIOPOJIOM, BO3AyXOM U T. M. OpHako s OIpeneneHusT HEeOOXOTUMBIX TEXHOJOTHYECKUX
rapaMeTpoB HEOOXOIUMO MPOBEIEHUE IKCcIIepUMeHTOB. KaranuzaTopsl TpaHcpopMaluy MeTaHoja B
YIJIEBOZIOPOZbl XapaKTEPU3YIOTCS 3HAYMTEIBHOM CKIOHHOCTBIO K IOTEPH CBOEM AKTMBHOCTH B
nporecce (GyHKIMOHUPOBaHHUS. OCHOBHBIM METO/IOM BOCCTAHOBJIEHHS MX AKTUBHOCTH SIBJSETCS
OKHCJIEHUE B TOKE BO3/1yXa, OIHAKO IIPU 3TOM BO3MOXXHO BOCCTAHOBJIEHHE PA3JIMYHOIO KOJIMYECTBA
KHMCIIOTHBIX IIEHTPOB, KaK B pE3yJIbTaTe COXPaHEHHsI HEKOTOPOTO KOJMYECTBA OCTATOYHOTO YIIIEpoa,
TaK M B Pe3yJIbTaTe TEPMUUYECKON IECTPYKIMM KUCIOTHBIX LIEHTPOB. B CBA3M ¢ 4eMm ompeneneHue
ONTUMAJIBHBIX PEXHMOB TEPMOOKHCICHHS LI€OJIUTa TO3BOJSET O00ECHeUunTh MAaKCUMAJIbHYIO
OCTATOYHYIO aKTHUBHOCTb pPETreHEpUpYeMOro Karajau3aTopa. B craTbe NpHUBOASTCS pE3yJIbTaThl
M3y4eHUs1 BOCCTAHOBJIEHUS akTUBHOCTH neoiauta MFI-MORD meronom TepMonporpaMmMupyeMoro
OKHCJICHHs TpU CKOpocTH HarpeBa oOpasuoB 5°C/mun, 10°C/mun, 20°C/mun. HarpeBanue mpu
5°C/MHH TPUBOJUT K BOCCTAHOBJICHUIO MUHHUMAJIBHOTO KOJMYECTBA KHCIOTHBIX LIEHTPOB, a TAKKE
MUHUMAaJIbHOMY 3HAYEHHMIO OCTAaTOYHON aKTMBHOCTU TpaHC(hOpMalMU METaHOoJIa B YIJIEBOJOPO/IbI
0,121 xr(¥YB)/(xr(Kat)xu). VYBenuueHue ckopoctd HarpeBa 1m0 10°C/MuUH TPUBOIUT K
BOCCTaHOBJIEHUIO MAaKCUMAJIBHOTO KOJIMYECTBA aKTUBHBIX LIEHTPOB M JIOCTHXKEHUIO MAaKCUMAaJIbHON
ocraroyHoi aktuBHOCTH 0,21 kr(VYB)/(kr(Kar)xu). A yBenuueHue ckopoctu Harpesa a0 20°C/mMun
MPUBOAUT K CHIDKEHUIO KOJIWYECTBO KHCIOTHBIX ILIEHTPOB U YMEHBIIEHUIO OCTATOYHOM
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karamutudeckoil aktuBHOCcTH 0,142 xr(VYB)/(kr(Kar)xd). YMeHbIICHHE KOIMYECTBA KHUCIOTHBIX
IIEHTPOB U OCTATOYHON aKTMBHOCTH TPH HaWOOJBIIEH CKOPOCTH HarpeBa oOpaslia MOXET OBITh
CBSI3aHO C TEPMHUUYECKON JECTPYKIMENH aKTUBHBIX IEHTPOB IIPU OBICTPOM Harpese.

Abstract. Restoring the activity of catalytic systems is an important scientific and technical
problem. To date, a large number of catalyst regeneration methods have been developed, including:
treatment with ultrasound, acids, alkalis, hydrogen, air, etc. However, to determine the necessary
technological parameters, it is necessary to conduct experiments. Catalysts for the transformation of
methanol into hydrocarbons are characterized by a significant tendency to lose their activity during
operation. The main method for restoring their activity is oxidation in an air stream, however, it is
possible to restore a different number of acid sites, both as a result of the retention of a certain amount
of residual carbon, and as a result of thermal destruction of acid sites. In this connection, the
determination of the optimal modes of zeolite thermal oxidation makes it possible to ensure the
maximum residual activity of the regenerated catalyst. The article presents the results of studying the
activity recovery of the MFI-MORD zeolite by the method of temperature-programmed oxidation at
a sample heating rate of 5°C/min, 10°C/min, 20°C/min. Heating at 5°C/min leads to the recovery of
the minimum number of acid sites, as well as the minimum value of the residual activity of the
transformation of methanol into hydrocarbons of 0.121 kg(Hc)/(kg(Cat)xh). Increasing the heating
rate to 10°C/min leads to the restoration of the maximum number of active centers and the
achievement of a maximum residual activity of 0.21 kg(Hc)/(kg(Cat)xh). And an increase in the
heating rate to 20°C/min leads to a decrease in the number of acid sites and a decrease in the residual
catalytic activity of 0.142 kg(Hc)/(kg(Cat)xh). The decrease in the number of acid sites and residual
activity at the highest heating rate of the sample may be due to the thermal destruction of active sites
during rapid heating.

Knioueswvie cosa: 11eonuThl, BOCCTAHOBIICHHUE, YIIICBOAOPO/IbI, KATAIH3aTOPBI.
Keywords: zeolites, reduction, hydrocarbons, catalysts.

Bseoenue

HayrnepoxxuBanue mnoBepxHOCTH Katanu3aropoB[l-3] B mpomecce (yHKIMOHUPOBAHUS
SIBJISICTCSL OJTHOM M3 MPUYHH MOTEPU MX aKTUBHOCTU B TaKUX Mpolleccax Kak MUPOJU3 M KPEKUHT
YTIIEBOIOPO/IOB HE(PTH, KATATUTHYECKUN CHUHTE3 YIIEBOJOpoJoB MeToaoMm Durmepa-Tpomma u
KaTaTUTUYECKON TpaHCc(opMaluu ciupToB B yrieBonopoabi[4—6]. IIpu aToM MeToabl perenepamnuu
KaTaJln3aTOPOB OKA3bIBAIOT CYIIECTBEHHOE BIMSIHIE Ha BOCCTAHOBJICHHE aKTUBHOCTH U 00CCIIEUCHUH
WX JalbHeWmen crabuiabHOM pabotei[7-9]. Tepmuueckoe OKHUCIEHUE SBISETCS Hanbosee
paclpoCTPaHEHHBIM METOJIOM yAalieHUS YIJIEPOJHOTO OCTaTKa, CHOCOOHBIM MPAKTHYECKH
MOJIHOCTBIO €r0 yJaJdWTh C IOBEPXHOCTUM HeopraHudeckux kartanuzatopoB[l0—-12]. Onnako,
UCIONIb30BaHUE HEOOOCHOBAHHBIX PEXKUMOB TMPOBENCHUS PEaKIUi MOXKET CIOCOOCTBOBATH
HEOOpaTUMON TIOTEpH AKTUBHOCTH B PE3YJIbTAaTe CTPYKTYpPHOW AECTPYKIIMU aKTUBHBIX IICHTPOB
Karanu3aropa. Takum oOpa3oMm, OMpeaeNeHre pPEKUMOB OKHUCIUTEIBHOTO BOCCTAHOBIICHUS
AKTUBHOCTH KaTallM3aTOPOB SBISIETCS BaXXKHO HAyYHO-TEXHUYECKOW 3ajauei, TpeOyromei
BCECTOPOHHETO U3yUEHHUS.

Mamepuanvt u memoovl

W3y4deHne OKUCIIEHUs YIIIEPOIHBIX OTVIOKEHNUI Ha NCCIIELYyEMbIX KaTalu3aTopax MpOBOAMIOCH
METOJIOM TEPMOOKMCJIECHUsI C HcIojib3oBaHueM aHanuzatopa AutoChem HP. Ilpu nposenenun
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SKCIEpPUMEHTa 00pa3el] KaTaln3aTropa MOMEIacs B KIOBETY U IPOYBAJICS a30TOM IPU TEMIIEpaType
105°C B Teuenne yaca. [locme yero mpoBoauics HarpeB oopasia 1o 1000°C B Toke Kuciopoaa B
a30Te€ C perucrpanueil KpuBOi 0Opa30BaHUs UOKCHIA YIIEepoaa, OOpa3yrolIuecss Mapbl BOJBI
VIABIHBAJIACH JIOBYIIIKOW C )KUJIKHM a30TOM.

Omnpenenenrne OCTaTOYHOTO COAEPIKAHMSI KUCIOTHBIX LEHTPOB MPOM3BOIUIOCH C METOIOM
TEPMOTNIPOTPAMMHPYEMOM JIeCOPOIIMM aMMHaKa ¢ UCIIoIb30BaHueM aHanu3aTtopa AutoChem HP. Jlns
Yero B KBaplEBYIO KioBeTy BHOCWiIOCh (.3 T meosidta, yepe3 KOTOphIM MpOAyBaJiCd Teauil CO
ckopocThio 10 Mi/mMuH, Tipu 3TOM KroBeTa HarpeBaiach 10 800°C u BeIAEpKUBaIach IpH 3aaHHON
TeMIieparype B TeueHue 4aca. B nmocnenctsuu nmpousBoauiioch 3ameHa reius Ha 10 mac.% amMmmuaka
B reJIMU 1 UCCIIEAYEMbIN KaTaau3aTop BbIIEPKUBAJICS B TEUCHHE Yaca CMECH aMMHaKa B reJind. 3areM
MIPOBOJMIIOCH MEPEKIIOUEHHNE MOTOKA ra3a Ha IeJIMii U MPOU3BOJMIIACH 3aMKCh, BO BPEMsI KOTOPOU
KioBeTa HarpeBaiach 10 800°C.

[IpoBenenune rmpolecca KaTaJIUTUYECKOM TpaHChOpMaUMy METaHolla B  YINIEBOAOPOJbI
MIPOBOIUJIOCH C HCIOJB30BAaHHUEM YCTAHOBKM C HWHCTAJUIMPOBAHHBIM MHUKpopeakTopoM. Macca
Katanmu3aropa B peakrope cocrarisuia 0.2 1, ckopocth nogaun Meranona 0.5 v (MeOH)/(r(Kar)*u),
TeMIeparypa nposeaenus npouecca 350°C.

Pesynomamot u o6cysrcoenue
[Ipu npoBeneHnn TepMookucieHust oOpasnoB 1neonmtoB MFI-MORD nabmonaercs
obpazoBanue nByx nmukoB (Pucynok 1) ¢ makcumymamu npu 500°C u 650°C. [Iuk ¢ MakCuMyMoOM
500°C MokeT OBITh OTHECEH K aJCOPOMPOBAHHBIM MOJIMAPOMATUYECKUM YITIEBOAOPOAAM, a MUK C
MakcuMyMoM 650°C MokeT ObITh OTHECEH K TpadUTU3UPOBAHHBIM (hopMaM yriiepoaa. YBETUUEeHUE
ckopoctu HarpeBanus (Pucynok 1) ¢ 5 mo 20 °C/MuH crmOCOOCTBYET 3HAUYUTEIIEHOMY YBEIMICHHIO
KOJINYECTBA YJIaJIEHHOTO yIyiepoaa ¢ noBepxHoctu neoauta MFI-MORD.
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Pucynok 1. Pe3ynbTarthl TepMONporpaMHpyeMOro OKUCIEHHS OOpa3IoB IIEOJHTOB TOCIE PEaKIUU
KaTaJUTHYECKOW TpaHCPOPMAIMKM METaHOJa B YIJIEBOJOPOJABI TPH Pa3IUYHON CKOPOCTH HAarpeBaHUs
karanuzaTopa MFI-MORD

OHpC,Z[CJ'ICHI/IC OCTAaTOYHOI'0 KOJIMYCCTBA KHUCJIOTHBIX ECHTPOB (PI/ICYHOK 2) IIOKAa3bIBACT, YTO

HarpeBanue npu 5°C/MUH MPUBOAUT K BOCCTAHOBJICHHIO MUHHUMAJIBHOTO KOJMYECTBA KHUCIOTHBIX
LIEHTPOB.
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VYBennuenue ckopocty Harpesa 10 10°C/MUH TPUBOIUT K BOCCTAHOBJICHHIO MaKCHMAJIBHOTO
KOJIMUECTBA aKTUBHBIX IIEHTPOB, B TO BpeMs Kak npu 20°C/MHH KOJTMYECTBO KHCIOTHBIX LIEHTPOB
CHMJKAeTCsl, BEPOATHO B PE3YJIbTaTe BTOPUUHBIX MIPOLIECCOB paclaia.
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Pucynok 2. PesynbTaThl TEpMONpPOrpaMHPYEeMO#l JIecopOlHMM aMMHaka IOCJIE BOCCTAHOBIICHUS
AKTUBHOCTHU TIPY PA3IMIHON CKOPOCTH HarpeBanus karanmmsaropa MFI-MORD

OmnpeneneHne 0CTaTOYHON aKTHBHOCTH IIEOJIUTOB MOCIIE TEPMOIIPOTPAMUPYEMOT0 OKHCICHHS
(Pucynox 3) moka3bIBaeT, 4To Mpu CKOPOCTH HarpeBa 5 °C/MUH OCTaTOyHasi aKTUBHOCTh COCTABIISET
0,121 kr(V¥B)/(xr(Kat)*u), B TO Bpemst kak rpu ckopoctu Harpesa 10 °C/MuH ocTaTouHast aKTUBHOCTh
nocturaet 0,21 kr(¥YB)/(kr(Kar)*4), a mpu ckopoctu HarpeBa 20 °C/MUH OCTaroyHasi aKTUBHOCTh
camkaercs 10 0,142 kr(Ys)/(kr(Kar)*y).
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Pucynok 3. OcrarodHas aKTHBHOCTh OOpa3llOB KaTajau3aTOPOB IOCJE BOCCTAHOBIICHUS aKTHBHOCTH
neonura MFI-MORD

3axnouenue
[IpoBeneno wu3ydeHWe BoccTaHOBICHUsS akTHBHOCTH 1eoauta MFI-MORD wmeromom
TEPMIIPOTPAMUPYEMOT0 OKHCIEHHs TMPU CKOpPOCTH HarpeBa oOpaszuoB 5 °C/mun, 10 °C/mun, 20
°C/mun. HarpeBanue npu 5°C/MUH TPUBOIUT K BOCCTAHOBJICHMIO MHMHHUMAJIBHOTO KOJHYECTBA
KHCJIOTHBIX IIEHTPOB, a TAK)K€ MHHUMAITBHOMY 3HAYEHUIO OCTAaTOYHOW aKTUBHOCTH TpaHC(HOpMAIIUU
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Metanona B yreBonopozs! 0,121 kr(Ys)/(kr(Kar)*q). YBenuuenune ckopoctu Harpesa a0 10°C/mun
MPUBOJAUT K BOCCTAaHOBJICHUIO MAaKCHMAaJbHOTO KOJMYECTBA AKTUBHBIX IIEHTPOB M JOCTHKEHHUIO
MakcuManbHOU octarouHoii aktuBHOCTH 0,21 kr(VB)/(kr(Kar)*4). A yBenudeHne CKOpOCTH HarpeBa
10 20°C/MUH MPUBOIUT K CHIDKEHUIO KOJTHYECTBO KUCIOTHBIX IIEHTPOB U YMEHBIICHUIO OCTaTOYHOM
karanutudeckoit aktuBHoCcTH 0,142 kr(YB)/(kr(Kat)*u).

HUccneoosanue evinonneno 8 pamxax npoexma M/-903.2021 4.

Cnucox iumepamypul:

1. Huang M., Yasumura S., Li L., Toyao T., Maeno Z., Shimizu K. I. High-loading Ga-
exchanged MFI zeolites as selective and coke-resistant catalysts for nonoxidative ethane
dehydrogenation // Catalysis Science & Technology. 2022. V. 12. Ne3. P. 986-995.
https://doi.org/10.1039/D1CY01799C

2. Emdadi L., Mahoney L., Lee I. C., Leff A. C., Wu W.,, Liu D., Tran D. T. Assessment of coke
deposits on lamellar metal-modified MFI zeolites in ethylene transformation to aromatic liquids //
Applied Catalysis A: General. 2020. V. 595. P. 117510. https://doi.org/10.1016/j.apcata.2020.117510

3. Bazyari A., Khodadadi A. A., Hosseinpour N., Mortazavi Y. Effects of steaming-made
changes in physicochemical properties of Y-zeolite on cracking of bulky 1, 3, 5-triisopropylbenzene
and coke formation // Fuel processing technology. 2009. V. 90. NelO. P. 1226-1233.
https://doi.org/10.1016/j.fuproc.2009.06.002

4. Zhang Y. S., Owen R. E., Shearing P. R., Maskell W. C., Brett D. J., Manos G. A study of
coke formed by heavy oil volatilization/decomposition on Y-zeolite // Journal of Analytical and
Applied Pyrolysis. 2019. V. 141. P. 104630. https://doi.org/10.1016/j.jaap.2019.104630

5. VelaF. J., Palos R., Garcia J. R., Sedran U., Bilbao J., Arandes J. M., Gutiérrez A. Enhancing
the performance of a PtPd/HY catalyst for HDPE/VGO hydrocracking through zeolite desilication //
Fuel. 2022. V. 329. P. 125392. https://doi.org/10.1016/j.fuel.2022.125392

6. Chen Z., Zhang X., Yang F., Peng H., Zhang X., Zhu S., Che L. Deactivation of a Y-zeolite
based catalyst with coke evolution during the catalytic pyrolysis of polyethylene for fuel oil // Applied
Catalysis A: General. 2021. V. 609. P. 117873. https://doi.org/10.1016/j.apcata.2020.117873

7. Guerra P., Zaker A., Duan P., Maag A. R., Tompsett G. A., Brown A. B., Timko M. T. Analysis
of coke formed during zeolite-catalyzed supercritical dodecane cracking: Effect of supercritical water
/! Applied Catalysis A: General. 2020. V. 590. P. 117330.
https://doi.org/10.1016/j.apcata.2019.117330

8. Diaz M., Epelde E., Valecillos J., [zaddoust S., Aguayo A. T., Bilbao J. Coke deactivation
and regeneration of HZSM-5 zeolite catalysts in the oligomerization of 1-butene // Applied Catalysis
B: Environmental. 2021. V. 291. P. 120076. https://doi.org/10.1016/j.apcatb.2021.120076

9. Xian X., He M., Gao Y., Bi1 Y., Chu Y., Chen J., .Zhao S. Acidity tuning of HZSM-5 zeolite
by neutralization titration for coke inhibition in supercritical catalytic cracking of n-dodecane //
Applied Catalysis A: General. 2021. V. 623. P. 118278. https://doi.org/10.1016/j.apcata.2021.118278

10. Mohamed H. O., Parsapur R. K., Hita I., Cerrillo J. L., Ramirez A., Huang K. W., Castafio
P. Stable and reusable hierarchical ZSM-5 zeolite with superior performance for olefin
oligomerization when partially coked // Applied Catalysis B: Environmental. 2022. P. 121582.
https://doi.org/10.1016/j.apcatb.2022.121582

11. Ma Z., Hou X., Chen B., Zhao L., Yuan E., Cui T. Experiment and modeling of coke
formation and catalyst deactivation in n-heptane catalytic cracking over HZSM-5 zeolites // Chinese
Journal of Chemical Engineering. 2022. https://doi.org/10.1016/j.cjche.2022.04.017

(9
@ BY Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 21



Bronnemens nayxu u npaxmuxu | Bulletin of Science and Practice T. 9. Nel. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/86

12. Xian X., Ran C., Nai C., Yang P., Zhao S., Dong L. Characterization of the location of coke
deposited on spent HZSM-5 zeolite by special temperature-programmed oxidation and isothermal
oxidation methods // Applied Catalysis A: General. 2017. V. 547. P. 37-51.
https://doi.org/10.1016/j.apcata.2017.08.023

References:

1. Huang, M., Yasumura, S., Li, L., Toyao, T., Maeno, Z., & Shimizu, K. I. (2022). High-loading
Ga-exchanged MFI zeolites as selective and coke-resistant catalysts for nonoxidative ethane
dehydrogenation. Catalysis Science & Technology, 12(3), 986-995.
https://doi.org/10.1039/D1CY01799C

2. Emdadi, L., Mahoney, L., Lee, 1. C., Left, A. C., Wu, W., Liu, D., ... & Tran, D. T. (2020).
Assessment of coke deposits on lamellar metal-modified MFI zeolites in ethylene transformation to
aromatic liquids. Applied Catalysis A: General, 5935, 117510.
https://doi.org/10.1016/j.apcata.2020.117510

3. Bazyari, A., Khodadadi, A. A., Hosseinpour, N., & Mortazavi, Y. (2009). Effects of steaming-
made changes in physicochemical properties of Y-zeolite on cracking of bulky 1, 3, 5-
triisopropylbenzene and coke formation. Fuel processing technology, 90(10), 1226-1233.
https://doi.org/10.1016/j.fuproc.2009.06.002

4. Zhang, Y. S., Owen, R. E., Shearing, P. R., Maskell, W. C., Brett, D. J., & Manos, G. (2019).
A study of coke formed by heavy oil volatilization/decomposition on Y-zeolite. Journal of Analytical
and Applied Pyrolysis, 141, 104630. https://doi.org/10.1016/j.jaap.2019.104630

5. Vela, F. J., Palos, R., Garcia, J. R., Sedran, U., Bilbao, J., Arandes, J. M., & Gutiérrez, A.
(2022). Enhancing the performance of a PtPd/HY catalyst for HDPE/VGO hydrocracking through
zeolite desilication. Fuel, 329, 125392. https://doi.org/10.1016/j.fuel.2022.125392

6. Chen, Z., Zhang, X., Yang, F., Peng, H., Zhang, X., Zhu, S., & Che, L. (2021). Deactivation
of a Y-zeolite based catalyst with coke evolution during the catalytic pyrolysis of polyethylene for
fuel oil. Applied Catalysis A: General, 609, 117873. https://doi.org/10.1016/j.apcata.2020.117873

7. Guerra, P., Zaker, A., Duan, P., Maag, A. R., Tompsett, G. A., Brown, A. B., ... & Timko, M.
T. (2020). Analysis of coke formed during zeolite-catalyzed supercritical dodecane cracking: Effect
of supercritical water. Applied Catalysis A: General, 590, 117330.
https://doi.org/10.1016/j.apcata.2019.117330

8. Diaz, M., Epelde, E., Valecillos, J., [zaddoust, S., Aguayo, A. T., & Bilbao, J. (2021). Coke
deactivation and regeneration of HZSM-5 =zeolite catalysts in the oligomerization of 1-
butene. Applied Catalysis B: Environmental, 291, 120076.
https://doi.org/10.1016/j.apcatb.2021.120076

9. Xian, X., He, M., Gao, Y., Bi, Y., Chu, Y., Chen, J., ... & Zhao, S. (2021). Acidity tuning of
HZSM-5 zeolite by neutralization titration for coke inhibition in supercritical catalytic cracking of n-
dodecane. Applied Catalysis A: General, 623, 118278. https://doi.org/10.1016/j.apcata.2021.118278

10. Mohamed, H. O., Parsapur, R. K., Hita, I., Cerrillo, J. L., Ramirez, A., Huang, K. W., ... &
Castafio, P. (2022). Stable and reusable hierarchical ZSM-5 zeolite with superior performance for
olefin oligomerization when partially coked. Applied Catalysis B: Environmental, 121582.
https://doi.org/10.1016/j.apcatb.2022.121582

11. Ma, Z., Hou, X., Chen, B., Zhao, L., Yuan, E., & Cui, T. (2022). Experiment and modeling
of coke formation and catalyst deactivation in n-heptane catalytic cracking over HZSM-5
zeolites. Chinese Journal of Chemical Engineering. https://doi.org/10.1016/j.cjche.2022.04.017

(9
Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 22



Bronnemens nayxu u npaxmuxu | Bulletin of Science and Practice T. 9. Nel. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/86

12. Xian, X., Ran, C., Nai, C., Yang, P., Zhao, S., & Dong, L. (2017). Characterization of the
location of coke deposited on spent HZSM-5 zeolite by special temperature-programmed oxidation
and  isothermal oxidation  methods. Applied  Catalysis A:  General, 547,  37-51.
https://doi.org/10.1016/j.apcata.2017.08.023

Paboma nocmynuna Ipunsima x nyoruxkayuu
6 pedaxyuto 13.12.2022 2. 20.12.2022 2.

Ccolnka 01 yumupoBanusi:

Muxaitnos C. II., bposko P. B., Jlakuna H. B., onyna B. 0. MccnenoBanue metonos
BOCCTAaHOBJIEHUS aKTUBHOCTHU CMEIIEHHOTO LICOJINTA MFI-MORD B YCIIOBUSIX
MUKPOCTPYKTYPHUPOBAHHOTO PEAKTOpa B peakiuu TpaHCHOpPMAIMH METAHOJIA B YIIEBOAOPOMABI //
bronnerens Hayku v mpaktuku. 2023. T. 9. Nel. C. 17-23. https://doi.org/10.33619/2414-2948/86/02

Cite as (APA):

Mikhailov, S., Brovko, R., Lakina, N., & Doluda, V. (2023). Mixed MFI-MORD Zeolite
Reactivation Study in Micro Structured Reactor in Methanol to Hydrocarbons Transformation
Reaction. Bulletin of Science and Practice, 9(1), 17-23. (in Russian). https://doi.org/10.33619/2414-
2948/86/02

(9
@ BY Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 23



