Produksi Propilen Glikol Dari Gliserol Melalui Catalytic Transfer Hydrogenolysis Dengan Sumber
Hidrogen In-Situ Melalui Aqueous-Phase Reforming
Rima Salsabila, Ir. Hanifrahmawan Sudibyo, S.T., M.Eng., M.S., Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA DAFTAR PUSTAKA

Abdelbaki, Y., De Arriba, A., Solsona, B., Delgado, D., Garcia-Gonzalez, E., Issaadi, R.,
Lopez Nieto, J.M., 2021. The nickel-support interaction as determining factor of
the selectivity to ethylene in the oxidative dehydrogenation of ethane over nickel
oxide/alumina catalysts. Appl. Catal. Gen. 623, 118242.
https://doi.org/10.1016/j.apcata.2021.118242

Alashek, F., Keshe, M., Alhassan, G., 2022. Preparation of glycerol derivatives by entered
of glycerol in different chemical organic reactions: A review. Results Chem. 4,
100359. https://doi.org/10.1016/j.rechem.2022.100359

Balopi, B., Joshua, G., Moyo, M., Liu, X., 2024. Dry reforming of model-biogas over
ceria-supported nickel catalyst: the effect of charge enhanced dry impregnation on
the catalytic performance and coke resistance. Res. Chem. Intermed. 50, 4175—
4198. https://doi.org/10.1007/s11164-024-05362-x

Barclay, J.D., Okobiah, O., Deng, L., Sengphanlaya, T., Du, J., Reidy, R.F., 2018. High
temperature water as a clean and etch of low-k and SiO2 films. Microelectron.
Eng. 196, 54-58. https://doi.org/10.1016/j.mee.2018.04.016

Ben, Z.Y., Samsudin, H., Yhaya, M.F., 2022. Glycerol: Its properties, polymer synthesis,
and applications in starch based films. Eur. Polym. J. 175, 111377.
https://doi.org/10.1016/j.eurpolymj.2022.111377

Boukha, Z., Jiménez-Gonzélez, C., Gil-Calvo, M., De Rivas, B., Gonzélez-Velasco, J.R.,
Gutiérrez-Ortiz, J.l., LOpez-Fonseca, R., 2016. MgO/NiAI204 as a new
formulation of reforming catalysts: Tuning the surface properties for the enhanced
partial oxidation of methane. Appl. Catal. B Environ. 199, 372-383.
https://doi.org/10.1016/j.apcath.2016.06.045

Brugger, J., Armbruster, T., Meisser, N., Hejny, C., Grobety, B., 2001. Description and
crystal structure of turtmannite, a new mineral with a 68 A period related to
mcgovernite. Am. Mineral. 86, 1494—-1505. https://doi.org/10.2138/am-2001-11-
1218

De Andrade, T.S., Souza, M.M.V.M., Manfro, R.L., 2020a. Hydrogenolysis of glycerol
to 1,2-propanediol without external H2 addition in alkaline medium using Ni-Cu
catalysts supported on Y zeolite. Renew. Energy 160, 919-930.
https://doi.org/10.1016/j.renene.2020.06.060

62



Hidrogen In-Situ Melalui Aqueous-Phase Reforming
Rima Salsabila, Ir. Hanifrahmawan Sudibyo, S.T., M.Eng., M.S., Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
CADATH& Khdrade, T.S., Souza, M.M.V.M., Manfro, R.L., 2020b. Hydrogenolysis of glycerol

to 1,2-propanediol without external H2 addition in alkaline medium using Ni-Cu
catalysts supported on Y zeolite. Renew. Energy 160, 919-930.
https://doi.org/10.1016/j.renene.2020.06.060

Dele-Afolabi, T.T., Hanim, M.A.A., Norkhairunnisa, M., Sobri, S., Calin, R., Ojo-
Kupoluyi, O.J., 2019. Effect of nickel addition on the microstructure and corrosion
resistance properties of porous alumina composites shaped with sugarcane
bagasse pore-forming agent. IOP Conf. Ser. Mater. Sci. Eng. 469, 012019.
https://doi.org/10.1088/1757-899x/469/1/012019

Fiume, M.M., Bergfeld, W.F., Belsito, D.V., Hill, R.A., Klaassen, C.D., Liebler, D.,
Marks, J.G., Shank, R.C., Slaga, T.J., Snyder, P.W., Andersen, F.A., 2012. Safety
Assessment of Propylene Glycol, Tripropylene Glycol, and PPGs as Used in
Cosmetics. Int. J. Toxicol. 31, 245S-260S.
https://doi.org/10.1177/1091581812461381

Freitas, 1.C., Manfro, R.L., Souza, M.M.V.M., 2018a. Hydrogenolysis of glycerol to
propylene glycol in continuous system without hydrogen addition over Cu-Ni
catalysts. Appl. Catal. B Environ. 220, 31-41.
https://doi.org/10.1016/j.apcath.2017.08.030

Freitas, 1.C., Manfro, R.L., Souza, M.M.V.M., 2018b. Hydrogenolysis of glycerol to
propylene glycol in continuous system without hydrogen addition over Cu-Ni
catalysts. Appl. Catal. B Environ. 220, 31-41.
https://doi.org/10.1016/j.apcath.2017.08.030

Gandarias, 1., Arias, P.L., Requies, J., Guemez, M.B., Fierro, J.L.G., 2010.
Hydrogenolysis of glycerol to propanediols over a Pt/ASA catalyst: The role of
acid and metal sites on product selectivity and the reaction mechanism. Appl.
Catal. B Environ. 97, 248-256. https://doi.org/10.1016/j.apcath.2010.04.008

Gandarias, 1., Fernandez, S.G., El Doukkali, M., Requies, J., Arias, P.L., 2013.
Physicochemical Study of Glycerol Hydrogenolysis Over a Ni—Cu/Al203
Catalyst Using Formic Acid as the Hydrogen Source. Top. Catal. 56, 995-1007.
https://doi.org/10.1007/s11244-013-0063-9

Gao, W., Zhou, T., Wang, Q., 2018. Controlled synthesis of MgO with diverse basic sites
and its CO2 capture mechanism under different adsorption conditions. Chem. Eng.
J. 336, 710-720. https://doi.org/10.1016/j.cej.2017.12.025

63

Produksi Propilen Glikol Dari Gliserol Melalui Catalytic Transfer Hydrogenolysis Dengan Sumber



Produksi Propilen Glikol Dari Gliserol Melalui Catalytic Transfer Hydrogenolysis Dengan Sumber
Hidrogen In-Situ Melalui Aqueous-Phase Reforming
Rima Salsabila, Ir. Hanifrahmawan Sudibyo, S.T., M.Eng., M.S., Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
CADAF@AA M.N., Perez, F.M., Santori, G.F., Nichio, N.N., Pompeo, F., 2023. Heterogeneous

Catalysts for Glycerol Biorefineries: Hydrogenolysis to 1,2-Propylene Glycol.
Materials 16, 3551. https://doi.org/10.3390/mal16093551

Gtlowka, M., Krawczyk, T., 2023. New Trends and Perspectives in Production of 1,2-
Propanediol. ACS Sustain. Chem. Eng. 11, 7274-7287.
https://doi.org/10.1021/acssuschemeng.3c01018

Gonzalez-Garay, A., Gonzalez-Miquel, M., Guillen-Gosalbez, G., 2017. High-Value
Propylene Glycol from Low-Value Biodiesel Glycerol: A Techno-Economic and
Environmental Assessment under Uncertainty. ACS Sustain. Chem. Eng. 5, 5723—
5732. https://doi.org/10.1021/acssuschemeng.7b00286

Grevel, K.-D., Majzlan, J., 2009. Internally consistent thermodynamic data for
magnesium sulfate hydrates. Geochim. Cosmochim. Acta 73, 6805-6815.
https://doi.org/10.1016/j.gca.2009.08.005

Haque, M.E., Tripathi, N., Palanki, S., 2021. Development of an Integrated Process Plant
for the Conversion of Shale Gas to Propylene Glycol. Ind. Eng. Chem. Res. 60,
399-411. https://doi.org/10.1021/acs.iecr.0c02792

Kalekar, V.N., Vaidya, P.D., 2024. Hydrogen production from aqueous-phase reforming
of polyols over Ru/AI203 catalyst in a fixed-bed reactor. J. Indian Chem. Soc.
101, 101268. https://doi.org/10.1016/j.jics.2024.101268

Khadzhiev, V.I., Dmitriev, G.S., Mel’chakov, 1.S., Shorina, T.E., Zanaveskin, L.N.,
Maksimov, A.L., 2019. Kinetics of Hydrogenolysis of Glycerol into 1,2-
Propylene Glycol on a Copper Catalyst. Kinet. Catal. 60, 802-807.
https://doi.org/10.1134/S0023158419060053

Korneeva, E.V., Ivanova, A.S., Bondareva, V.M., Plyasova, L.M., Glazneva, T.S., 2015.
Structural, textural, and acid—base properties of layered Mg—Al oxides modified
with a tungstate or phosphate and their activity and selectivity in gas-phase
glycerol dehydration. Kinet. Catal. 56, 605-616.
https://doi.org/10.1134/s0023158415050109

Kumar, L., Sleiti, A.K., 2025. A comprehensive review of hydrogen safety through a
metadata analysis framework. Renew. Sustain. Energy Rev. 214, 1155009.
https://doi.org/10.1016/j.rser.2025.115509

Kumar, P., Shah, AK., Lee, J.-H., Park, Y.H., Stangar, U.L., 2020. Selective

Hydrogenolysis of Glycerol over Bifunctional Copper—Magnesium-Supported

64



Produksi Propilen Glikol Dari Gliserol Melalui Catalytic Transfer Hydrogenolysis Dengan Sumber
Hidrogen In-Situ Melalui Aqueous-Phase Reforming
Rima Salsabila, Ir. Hanifrahmawan Sudibyo, S.T., M.Eng., M.S., Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAHMADA - Catalysts for Propanediol Synthesis. Ind. Eng. Chem. Res. 59, 6506—6516.

https://doi.org/10.1021/acs.iecr.9b06978

Li, X.-L., Zhou, Q., Pan, S.-X., He, Y., Chang, F., 2020. A Review of Catalytic Upgrading
of Biodiesel Waste Glycerol to Valuable Products. Curr. Green Chem. 7, 259-
266. https://doi.org/10.2174/2213346107666200108114217

Lif, J., Skoglundh, M., Léwendahl, L., 2004. Stabilising alumina supported nickel
particles against sintering in ammonia/hydrogen atmosphere. Appl. Catal. Gen.
274, 61-69. https://doi.org/10.1016/j.apcata.2004.05.022

Liu, D., Dou, B., Zhang, H., Wu, K., Luo, C., Du, J., Gao, D.X., Chen, H., Xu, Y., 2023.
Sorption enhanced aqueous phase reforming of biodiesel byproduct glycerol for
hydrogen production over Cu-Ni bimetallic catalysts supported on gelatinous
MgO. J. Clean. Prod. 383, 135491. https://doi.org/10.1016/j.jclepro.2022.135491

Liu, Y., Guo, X., Rempel, G., Ng, F., 2019. The Promoting Effect of Ni on Glycerol
Hydrogenolysis to 1,2-Propanediol with In Situ Hydrogen from Methanol Steam
Reforming Using a Cu/ZnO/AlI203 Catalyst. Catalysts 9, 412
https://doi.org/10.3390/catal9050412

Mane, R., Jeon, Y., Rode, C., 2022. A review on non-noble metal catalysts for glycerol
hydrodeoxygenation to 1,2-propanediol with and without external hydrogen.
Green Chem. 24, 6751-6781. https://doi.org/10.1039/D2GC01879A

Mangolini, B., Palin, L., Milanesio, M., Lopresti, M., 2021. XRF and XRPD data sets in
ternary mixtures with high level micro-absorption and/or preferred orientations
problems for phase quantification analysis. Data Brief 36, 107043.
https://doi.org/10.1016/j.dib.2021.107043

Martin, A., Armbruster, U., Gandarias, I., Arias, P.L., 2013. Glycerol hydrogenolysis into
propanediols using in situ generated hydrogen — A critical review. Eur. J. Lipid
Sci. Technol. 115, 9-27. https://doi.org/10.1002/ej1t.201200207

Matsumoto, A., Ozawa, H., Inumaru, A., Soai, K., 2015. Asymmetric induction by
retgersite, nickel sulfate hexahydrate, in conjunction with asymmetric
autocatalysis. New J. Chem. 39, 6742—-6745. https://doi.org/10.1039/C5NJ01459]

Mccabe, R.W., Adams, J.M., 2013. Clay Minerals as Catalysts, in: Developments in Clay
Science. Elsevier, pp. 491-538. https://doi.org/10.1016/B978-0-08-098259-
5.00019-6

Mihalyi, R.M., Kollar, M., Kiraly, P., Karoly, Z., Mavrodinova, V., 2012. Effect of extra-

65



Produksi Propilen Glikol Dari Gliserol Melalui Catalytic Transfer Hydrogenolysis Dengan Sumber
Hidrogen In-Situ Melalui Aqueous-Phase Reforming
Rima Salsabila, Ir. Hanifrahmawan Sudibyo, S.T., M.Eng., M.S., Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAHMADA - framework Al formed by successive steaming and acid leaching of zeolite MCM-

22 on its structure and catalytic performance. Appl. Catal. Gen. 417418, 76-86.
https://doi.org/10.1016/j.apcata.2011.12.029

Minh Loy, A.C., Ng, W.L.,, Samudrala, S.P., Bhattacharya, S., 2023. Technical,
economic, and environmental potential of glycerol hydrogenolysis: a roadmap
towards sustainable green chemistry future. Sustain. Energy Fuels 7, 2653-2669.
https://doi.org/10.1039/D3SE00219E

Miranda, B.C., Chiment&o, R.J., Szanyi, J., Braga, A.H., Santos, J.B.O., Gispert-Guirado,
F., Llorca, J., Medina, F., 2015. Influence of copper on nickel-based catalysts in
the conversion of glycerol. Appl. Catal. B Environ. 166-167, 166-180.
https://doi.org/10.1016/j.apcath.2014.11.019

Mitta, H., Seelam, P.K., Ojala, S., Keiski, R.L., Balla, P., 2018. Tuning Y -zeolite based
catalyst with copper for enhanced activity and selectivity in vapor phase
hydrogenolysis of glycerol to 1,2-propanediol. Appl. Catal. Gen. 550, 308—3109.
https://doi.org/10.1016/j.apcata.2017.10.019

Mondal, S., Malviya, H., Biswas, P., 2019. Kinetic modelling for the hydrogenolysis of
bio-glycerol in the presence of a highly selective Cu—Ni—Al2 Oz catalyst in a slurry
reactor. React. Chem. Eng. 4, 595-609. https://doi.org/10.1039/C8RE00138C

Nachtergaele, P., De Meester, S., Dewulf, J., 2019. Environmental sustainability
assessment of renewables-based propylene glycol at full industrial scale
production. J.  Chem.  Technol. Biotechnol. 94, 1808-1815.
https://doi.org/10.1002/jcth.5951

Naik, J., Desai, S., Ramani, V., 2021. Application of Augmented Simplex Centroid
Design for Optimization of HPLC Mobile Phase for Estimation of Curcumin and
Piperine. Indian J. Pharm. Educ. Res. 55, 1164-1172.
https://doi.org/10.5530/ijper.55.4.216

Oliveira, G.N., Barbosa, N.C., Araujo, F.C., Souza, P.H.G., Soares, A.V.H., Peixoto, F.C.,
Carneiro, JW.M., Passos, F.B., 2019. Conversion of Glycerine into 1,2-
Propanediol for Industrial Applications, in: Mulpuri, S., Carels, N., Bahadur, B.
(Eds.), Jatropha, Challenges for a New Energy Crop. Springer Singapore,
Singapore, pp. 383-414. https://doi.org/10.1007/978-981-13-3104-6_19

Pandhare, N.N., Pudi, S.M., Mondal, S., Pareta, K., Kumar, M., Biswas, P., 2018.
Development of Kinetic Model for Hydrogenolysis of Glycerol over Cu/MgO

66



Produksi Propilen Glikol Dari Gliserol Melalui Catalytic Transfer Hydrogenolysis Dengan Sumber
Hidrogen In-Situ Melalui Aqueous-Phase Reforming
Rima Salsabila, Ir. Hanifrahmawan Sudibyo, S.T., M.Eng., M.S., Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
CADJAHMADA Catalyst in a Slurry Reactor. Ind. Eng. Chem. Res. 57, 101-110.

https://doi.org/10.1021/acs.iecr.7b03684

Papas, B.N., Whitten, J.L., 2016. Adsorption of copper on a y-alumina support. Surf. Sci.
651, 22-27. https://doi.org/10.1016/j.susc.2016.03.019

Penkova, A., Bobadilla, L.F., Romero-Sarria, F., Centeno, M.A., Odriozola, J.A., 2014.
Pyridine adsorption on NiSn/MgO-AI203: An FTIR spectroscopic study of
surface acidity. Appl. Surf. Sci. 317, 241-251.
https://doi.org/10.1016/j.apsusc.2014.08.093

Pipitone, G., Pirone, R., Bensaid, S., 2024. Aqueous Phase Reforming of Dairy
Wastewater for Hydrogen Production: An Experimental and Energetic
Assessment. Sustainability 16, 1743. https://doi.org/10.3390/su16051743

Pipitone, G., Zoppi, G., Pirone, R., Bensaid, S., 2022. A critical review on catalyst design
for aqueous phase reforming. Int. J. Hydrog. Energy 47, 151-180.
https://doi.org/10.1016/j.ijhydene.2021.09.206

Postels, S., Abanades, A., Von Der Assen, N., Rathnam, R.K., Stiickrad, S., Bardow, A.,
2016. Life cycle assessment of hydrogen production by thermal cracking of
methane based on liquid-metal technology. Int. J. Hydrog. Energy 41, 23204—
23212. https://doi.org/10.1016/j.ijhydene.2016.09.167

Reynoso, A.J., lIriarte-Velasco, U., Gutiérrez-Ortiz, M.A., Ayastuy, J.L., 2024.
Hydrogenolysis of glycerol without external H2 over Nb-doped Ni catalysts
supported on ordered mesoporous alumina. Catal. Today 434, 114668.
https://doi.org/10.1016/j.cattod.2024.114668

Rodrigues, M.H.R., Silva, T.0.D., Pitanga, H.N., Pedroti, L.G., Rodrigues, K.H.D.P.,
Lopes, E.C., Nalon, G.H., 2024. Efficacy of the Simplex-Centroid Method for
Optimization of Mixtures of Soil, Ladle Furnace Slag and Fly Ash Applied in
Pavement Construction. Sustainability 16, 7726.
https://doi.org/10.3390/sul16177726

Rothenberg, G., 2008. Catalysis: concepts and green applications. Wiley-VCH,
Weinheim.

Roy, D., Subramaniam, B., Chaudhari, R.V., 2010. Aqueous phase hydrogenolysis of
glycerol to 1,2-propanediol without external hydrogen addition. Catal. Today 156,
31-37. https://doi.org/10.1016/j.cattod.2010.01.007

Ruppert, A.M., Weinberg, K., Palkovits, R., 2012. Hydrogenolysis Goes Bio: From

67



Produksi Propilen Glikol Dari Gliserol Melalui Catalytic Transfer Hydrogenolysis Dengan Sumber
Hidrogen In-Situ Melalui Aqueous-Phase Reforming
Rima Salsabila, Ir. Hanifrahmawan Sudibyo, S.T., M.Eng., M.S., Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAHMADA * carhohydrates and Sugar Alcohols to Platform Chemicals. Angew. Chem. Int. Ed.

51, 2564-2601. https://doi.org/10.1002/anie.201105125

S, S., 2024. Perspectives on CO: -Free Hydrogen Production: Insights and Strategic
Approaches. Energy Fuels 38, 20033-20056.
https://doi.org/10.1021/acs.energyfuels.4c03156

Seretis, A., Tsiakaras, P., 2016a. Hydrogenolysis of glycerol to propylene glycol by in
situ produced hydrogen from aqueous phase reforming of glycerol over SiO2-
Al203 supported nickel catalyst. Fuel Process. Technol. 142, 135-146.
https://doi.org/10.1016/j.fuproc.2015.10.013

Seretis, A., Tsiakaras, P., 2016b. Hydrogenolysis of glycerol to propylene glycol by in
situ produced hydrogen from aqueous phase reforming of glycerol over SiO2-
Al203 supported nickel catalyst. Fuel Process. Technol. 142, 135-146.
https://doi.org/10.1016/j.fuproc.2015.10.013

Shaikhutdinov, R.Z., Petukhov, L.A., Sapunov, N.V., Kharlampidi, Kh.E., Petukhov,
A.A., 2010. Kinetics and mechanism of the catalytic hydration of propylene oxide.
Kinet. Catal. 51, 50-55. https://doi.org/10.1134/S002315841001009X

Song, X., Pan, D., Wu, Y., Cheng, P., Wei, R., Gao, L., Zhang, J., Xiao, G., 2018.
Synthesis of glycerol carbonate over porous La-Zr based catalysts: The role of
strong and super basic sites. J. Alloys Compd. 750, 828-837.
https://doi.org/10.1016/j.jallcom.2018.03.392

Stevko, M., SeJkora, J., n.d. Retgersit z loziska Rudiiany (Slovenska republika).

Sun, D., Yamada, Y., Sato, S., Ueda, W., 2016. Glycerol hydrogenolysis into useful C3
chemicals. Appl. Catal. B Environ. 193, 75-92.
https://doi.org/10.1016/j.apcath.2016.04.013

Sun, P., Zhang, W., Yu, X., Zhang, J., Xu, N., Zhang, Z., Liu, M., Zhang, D., Zhang, G.,
Liu, Z., Yang, C., Yan, W., Jin, X., 2022. Hydrogenolysis of Glycerol to Propylene
Glycol: Energy, Tech-Economic, and Environmental Studies. Front. Chem. 9,
778579. https://doi.org/10.3389/fchem.2021.778579

Wu, F., Jiang, H., Zhu, X,, Lu, R., Shi, L., Lu, F., 2021. Effect of Tungsten Species on
Selective Hydrogenolysis of Glycerol to 1,3-Propanediol. ChemSusChem 14,
569-581. https://doi.org/10.1002/cssc.202002405

Xia, S., Zheng, L., Wang, L., Chen, P., Hou, Z., 2013. Hydrogen-free synthesis of 1,2-
propanediol from glycerol over Cu—Mg-Al catalysts. RSC Adv. 3, 16569.

68



Produksi Propilen Glikol Dari Gliserol Melalui Catalytic Transfer Hydrogenolysis Dengan Sumber
Hidrogen In-Situ Melalui Aqueous-Phase Reforming
Rima Salsabila, Ir. Hanifrahmawan Sudibyo, S.T., M.Eng., M.S., Ph.D.

UNIVERSITAS Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

GADJAHMADA - hitns://doi.org/10.1039/c3rad2543f
Yu, Y., Zhang, J., Chen, C., He, C., Miao, J., Li, H., Chen, J., 2020. Effects of calcination

temperature on physicochemical property and activity of CuSO4/TiO2 ammonia-

selective catalytic reduction catalysts. J. Environ. Sci. 91, 237-245.
https://doi.org/10.1016/j.jes.2020.01.010

Zhang, X., n.d. Calcination temperature-dependent surface structure and physicochemical
properties of magnesium oxide.

Zhao, Z., Xiao, D., Chen, K., Wang, R., Liang, L., Liu, Z., Hung, I., Gan, Z., Hou, G.,
2022. Nature of Five-Coordinated Al in y-Al203 Revealed by Ultra-High-Field
Solid-State NMR. ACS Cent. Sci. 8, 795-803.
https://doi.org/10.1021/acscentsci.1c01497

Zhuzhgov, A.V., Kruglyakov, V.Y., Glazneva, T.S., Suprun, E.A., Isupova, L.A., 2022.
Wasteless Synthesis and Properties of Highly Dispersed MgAI204 Based on
Product of Thermal Activation of Gibbsite. Chemistry 4, 316-328.
https://doi.org/10.3390/chemistry4020024

69



