SINTESIS NANOZIRKONIA MESOPORI TERSULFATASI DARI MINERAL IKUTAN TAMBANG TIMAH
SEBAGAI KATALIS ASAM

HETEROGEN UNTUK ESTERIFIKASI ASAM OLEAT

Abi Farhan Fawwaz, Akhmad Syoufian, S.Si., Ph.D.; Anis Kristiani, M.Eng.

Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR PUSTAKA

Abd EI-Ghany, O.S. and Sherief, A.H., 2016, Zirconia based ceramics, some
clinical and biological aspects: Review, Futur. Dent. J., 2, 55-64.

Agipa, A., Saputri, W., Syoufian, A., Sudiono, S., Budiman, A., Lestari, M., Hauli,
L., and Wijaya, K., 2023, Modification of Nanozirconia with Sulfuric Acid
and Calcium Oxide as Heterogeneous Catalysts for Biodiesel Production from
Used Coconut Cooking Qil, Mor. J. Chem., 14, 854-870.

Agus, C., Wulandari, D., Primananda, E., Hendryan, A., and Harianja, V., 2017,
The Role of Soil Amendment on Tropical Post Tin Mining Area in Bangka
Island Indonesia for Dignified and Sustainable Environment and Life, IOP
Conf. Ser. Earth Environ. Sci., 83, 012030.

Ahmad, R., Riaz, S., Khaleeg-Ur-Rehman, M., and Naseem, S., 2016, Effect of pH
on Structural and Dielectric Properties of Zirconia Nanocrystallites,. In, Adv.
Civ. Environ. Mater. Korea.

Altass, H.M. and Khder, A.E.R.S., 2016, Surface and catalytic properties of triflic
acid supported zirconia: Effect of zirconia tetragonal phase, J. Mol. Catal. A
Chem., 411, 138-145.

Amin, A.K., Trisunaryanti, W., and Wijaya, K., 2019, Effect of Promoters and
Calcination Temperature on Surface and Acidity of Modified Zirconia, Nano
Res., 57, 31-39.

Andiena, R.Z., Wijaya, K., and Syoufian, A., 2022, Nanocatalysts of Sulfated
Zirconia and Calcium Oxide/Zirconia for Microwave-Assisted Biodiesel
Synthesis from Castor Qil, Mater. Sci. Forum, 1067, 167-176.

Apriany, K., Permadani, 1., Syarif, D.G., Soepriyanto, S., and Rahmawati, F., 2016,
Electrical conductivity of zirconia and yttrium-doped zirconia from
Indonesian local zircon as prospective material for fuel cells, IOP Conf. Ser.
Mater. Sci. Eng., 107, 012023.

Arshad, H.M., Shahzad, A., Shahid, S., Ali, S., Rauf, A., Sharif, S., Ullah, M.E.,
Ullah, M.1., Ali, M., and Ahmad, H.l., 2022, Synthesis and Biomedical
Applications of Zirconium Nanoparticles: Advanced Leaps and Bounds in the
Recent Past, Biomed. Res. Int., 2022, 1-9.

Aznar-Sanchez, J., Garcia-Gomez, J., Velasco-Mufoz, J., and Carretero-Gémez,
A., 2018, Mining Waste and Its Sustainable Management. Advances in
Worldwide Research, Minerals, 8, 284.

Basu, R. and Pegg, S., 2020, Minerals are a shared inheritance: Accounting for the
resource curse, Extr. Ind. Soc., 7, 1369-1376.

42



SINTESIS NANOZIRKONIA MESOPORI TERSULFATASI DARI MINERAL IKUTAN TAMBANG TIMAH
SEBAGAI KATALIS ASAM

HETEROGEN UNTUK ESTERIFIKASI ASAM OLEAT

UNIVERSITAS Abi Farhan Fawwaz, Akhmad Syoufian, S.Si., Ph.D.; Anis Kristiani, M.Eng.

GADJAH MADA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

43

Bokov, D., Turki Jalil, A., Chupradit, S., Suksatan, W., Javed Ansari, M., Shewael,
I.H., Valiev, G.H., and Kianfar, E., 2021, Nanomaterial by Sol-Gel Method:
Synthesis and Application, Adv. Mater. Sci. Eng., 2021, 1-21.

Brinker, C.J. and Scherer, G.W., 2013, Sol-Gel Science, Elsevier Academic Press,
New York.

Brog, J.-P., Chanez, C.-L., Crochet, A., and Fromm, K.M., 2013, Polymorphism,
what it is and how to identify it: a systematic review, RSC Adv., 3, 16905.

Chai, M., Tu, Q., Lu, M., and Yang, Y.J., 2014, Esterification pretreatment of free
fatty acid in biodiesel production, from laboratory to industry, Fuel Process.
Technol., 125, 106-113.

Chang, Y., Wang, C., Liang, T., Zhao, C., Luo, X., Guo, T., Gong, J., and Wu, H.,
2015, Sol-gel synthesis of mesoporous spherical zirconia, RSC Adv., 5,
104629-104634.

Debnath, B., Majumdar, M., Bhowmik, M., Bhowmik, K.L., Debnath, A., and Roy,
D.N., 2020, The effective adsorption of tetracycline onto zirconia
nanoparticles synthesized by novel microbial green technology, J. Environ.
Manage., 261, 110235.

Dechakhumwat, S., Hongmanorom, P., Thunyaratchatanon, C., Smith, S.M.,
Boonyuen, S., and Luengnaruemitchai, A., 2020, Catalytic activity of
heterogeneous acid catalysts derived from corncob in the esterification of oleic
acid with methanol, Renew. Energy, 148, 897—906.

Delarmelina, M., Deshmukh, G., Goguet, A., Catlow, C.R.A., and Manyar, H.,
2021, Role of Sulfation of Zirconia Catalysts in Vapor Phase Ketonization of
Acetic Acid, J. Phys. Chem. C, 125, 27578-27595.

Dias, J.M., Alvim-Ferraz, M.C.M., Almeida, M.F., Méndez Diaz, J.D., Sanchez
Polo, M., and Rivera Urtrilla, J., 2013, Biodiesel production using calcium
manganese oxide as catalyst and different raw materials, Energy Convers.
Manag., 65, 647—653.

Ding, S., Zhao, J., and Yu, Q., 2019, Effect of Zirconia Polymorph on Vapor-Phase
Ketonization of Propionic Acid, Catalysts, 9, 768.

Escalante-Gutiérrez, D.C., Ordofez-Regil, E., Ortiz-Landeros, J., and Almazan-
Torres, M.G., 2020, Sorption of U(VI) onto ZrSiOs gamma irradiated and
functionalized with phytic acid, Radiochim. Acta, 108, 847-857.

Foroutan, R., Mohammadi, R., and Ramavandi, B., 2021, Waste glass catalyst for
biodiesel production from waste chicken fat: Optimization by RSM and ANNs
and toxicity assessment, Fuel, 291, 120151.



SINTESIS NANOZIRKONIA MESOPORI TERSULFATASI DARI MINERAL IKUTAN TAMBANG TIMAH
SEBAGAI KATALIS ASAM

HETEROGEN UNTUK ESTERIFIKASI ASAM OLEAT

UNIVERSITAS Abi Farhan Fawwaz, Akhmad Syoufian, S.Si., Ph.D.; Anis Kristiani, M.Eng.

GADJAH MADA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

44

Furusawa, T., Ebisawa, T., Toyoshima, A., Mori, Y., and Taniguchi, Y., 2022,
Oleic acid esterification with methanol to methyl oleate under light irradiation
using modified alginate capsules loaded with a solid acid catalyst, Chem. Eng.
J., 429, 132524.

Gediga, J., Morfino, A., Finkbeiner, M., Schulz, M., and Harlow, K., 2019, Life
cycle assessment of zircon sand, Int. J. Life Cycle Assess., 24, 1976-1984.

Gorban, O., Synyakina, S., Volkova, G., Gorban, S., Konstantiova, T., and
Lyubchik, S., 2015, Formation of metastable tetragonal zirconia nanoparticles:
Comepetitive influence of the dopants and surface state, J. Solid State Chem.,
232, 249-255.

Gunathilake, C.A., Dassanayake, R.S., Fernando, C.A.N., and Jaroniec, M., 2022,
Zirconium Containing Periodic Mesoporous Organosilica: The Effect of Zr on
CO. Sorption at Ambient Conditions, J. Compos. Sci., 6, 168.

Hamerski, F., Dusi, G.G., Fernandes dos Santos, J.T., da Silva, V.R., Pedersen Voll,
F.A., and Corazza, M.L., 2020, Esterification reaction kinetics of acetic acid
and n-pentanol catalyzed by sulfated zirconia, Int. J. Chem. Kinet., 52, 499-
512.

Han, Y. and Zhu, J., 2013, Surface Science Studies on the Zirconia-Based Model
Catalysts, Top. Catal., 56, 1525-1541.

Haneda, M., Takamura, K., Doi, Y., Bion, N., and Vivier, L., 2017, Synthesis of
ordered porous zirconia containing sulfate ions and evaluation of its surface
acidic properties, J. Mater. Sci., 52, 5835-5845.

Hardian, A., Thsannurika Hasnah, F., Gustaman Syarif, D., and Senadi, B., 2017,
Sintesis dan Karakterisasi Nanopartikel ZrO, dengan Metode Sol-Gel
Menggunakan Amilum Sebagai Capping Agent untuk Aplikasi Nanofluida,.
In, Seminar Nasional Sains dan Teknologi Nuklir 2017., pp. 338-344.

He, L., Qin, S., Chang, T., Sun, Y., and Gao, X., 2013, Biodiesel synthesis from the
esterification of free fatty acids and alcohol catalyzed by long-chain Brgnsted
acid ionic liquid, Catal. Sci. Technol., 3, 1102.

Hilmawan, R. and Clark, J., 2019, An investigation of the resource curse in
Indonesia, Resour. Policy, 64, 101483.

Hino, M., Kurashige, M., Matsuhashi, H., and Arata, K., 2006, The surface structure
of sulfated zirconia: Studies of XPS and thermal analysis, Thermochim. Acta,
441, 35-41.

Jyoti, G., Keshav, A., Anandkumar, J., and Bhoi, S., 2018, Homogeneous and
Heterogeneous Catalyzed Esterification of Acrylic Acid with Ethanol:
Reaction Kinetics and Modeling, Int. J. Chem. Kinet., 50, 370-380.



SINTESIS NANOZIRKONIA MESOPORI TERSULFATASI DARI MINERAL IKUTAN TAMBANG TIMAH
SEBAGAI KATALIS ASAM

HETEROGEN UNTUK ESTERIFIKASI ASAM OLEAT

Abi Farhan Fawwaz, Akhmad Syoufian, S.Si., Ph.D.; Anis Kristiani, M.Eng.

UNIVERSITAS ) . . . . . . .
GADJAH MADA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/ 45

Kaur, M., Malhotra, R., and Ali, A., 2018, Tungsten supported Ti/SiO2 nanoflowers
as reusable heterogeneous catalyst for biodiesel production, Renew. Energy,
116, 109-1109.

Kouva, S., Honkala, K., Lefferts, L., and Kanervo, J., 2015, Review: monoclinic
zirconia, its surface sites and their interaction with carbon monoxide, Catal.
Sci. Technol., 5, 3473-3490.

Kristiani, A., Sembiring, K.C., Aulia, F., Laksmono, J.A., Tursiloadi, S., and
Abimanyu, H., 2014, Preparation of Sulfated Zirconia Using Modified Sol Gel
Method, Adv. Mat. Res., 896, 153-158.

Kumar, S., Bhunia, S., and Ojha, A.K., 2015, Effect of calcination temperature on
phase transformation, structural and optical properties of sol—gel derived ZrO>
nanostructures, Physica E Low Dimens. Syst. Nanostruct., 66, 74-80.

Lanaya, S., El Jemli, Y., Khallouk, K., Abdelouahdi, K., Hannioui, A., Solhy, A.,
and Barakat, A., 2022, Sulfated Well-Defined Mesoporous Nanostructured
Zirconia for Levulinic Acid Esterification, ACS Omega, 7, 27839-27850.

Liu, J., He, Y., Yan, L., Ma, C., Zhang, C., Xiang, H., Wen, X., and L1, Y., 2020,
Nano-ZrO. as hydrogenation phase in bi-functional catalyst for syngas
aromatization, Fuel, 263, 116803.

Liu, J., Song, J., Qi, T., Zhang, C., and Qu, J., 2016, Controlling the formation of
Na2ZrSiOs in alkali fusion process for zirconium oxychloride production, Adv.
Powder Technol., 27, 1-8.

Liu, L., Wang, S., Zhang, B., Jiang, G., Yang, J., Li, Y., Liu, W., Wang, J., and
Kong, W., 2022, From modification to mechanism: Supercritical hydrothermal
synthesis of nano-zirconia, Ceram. Int., 48, 4401-4423.

Liu, R., Qu, J., Song, J., Qi, T., and Du, A., 2014, Analysis of water leaching and
transition processes in zirconium oxychloride octahydrate production, Ceram
Int, 40, 1431-1438.

Malarvizhi, D., Anusooriya, P., Meenakshi, P., Sundaram, S., Oirere, E., and
Gopalakrishnan, V.K., 2016, Isolation, Structural Characterization of Oleic
Acid from Zaleya decandra Root Extract, Anal. Chem. Lett., 6, 669-677.

Méndez-Lopez, A., Zelaya-Angel, O., Toledano-Ayala, M., Torres-Pacheco, 1.,
Pérez-Robles, J.F., and Acosta-Silva, Y.J., 2020, The Influence of Annealing
Temperature on the Structural and Optical Properties of ZrO2 Thin Films and
How Affects the Hydrophilicity, Crystals (Basel), 10, 454.

Mokhtar, M., Basahel, S.N., and Ali, T.T., 2013, Effect of synthesis methods for
mesoporous zirconia on its structural and textural properties, J. Mater. Sci.,
48, 2705-2713.



SINTESIS NANOZIRKONIA MESOPORI TERSULFATASI DARI MINERAL IKUTAN TAMBANG TIMAH
SEBAGAI KATALIS ASAM

HETEROGEN UNTUK ESTERIFIKASI ASAM OLEAT

Abi Farhan Fawwaz, Akhmad Syoufian, S.Si., Ph.D.; Anis Kristiani, M.Eng.

UNIVERSITAS ) . . . . . . .
GADJAH MADA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/ 46

Mosavari, M., Khajehhaghverdi, A., and Mehdinavaz Aghdam, R., 2023, Nano-
ZrO2: A review on synthesis methodologies, Inorg. Chem. Commun., 157,
111293.

Moustafa, M.l., Abu Shariah, M.l., and Aljuhani, M.S., 2017, Mineralogical
Investigation of Economic Minerals Content in Wadi Arar, Northern Border
Region, Kingdom of Saudi Arabia, Indian J. Sci. Technol., 10, 1-29.

Mogzeti¢, M., 2019, Surface Modification to Improve Properties of Materials,
Materials, 12, 441.

Musyarofah, Lestari, N.D., Nurlaila, R., Muwwagor, N.F., Triwikantoro, and
Pratapa, S., 2019, Synthesis of high-purity zircon, zirconia, and silica
nanopowders from local zircon sand, Ceram. Int., 45, 6639-6647.

Nandiwale, K.Y. and Bokade, V. V., 2014, Process Optimization by Response
Surface Methodology and Kinetic Modeling for Synthesis of Methyl Oleate
Biodiesel over Hs3PW12040 Anchored Montmorillonite K10, Ind. Eng. Chem.
Res., 53, 18690-18698.

Omarov, Sh.0O., Sladkovskiy, D.A., Martinson, K.D., Peurla, M., Aho, A., Murzin,
D.Yu., and Popkov, V.1, 2021, Influence of the initial state of ZrO on genesis,
activity and stability of Ni/ZrO, catalysts for steam reforming of glycerol,
Appl. Catal. A Gen., 616, 118098.

Pal, N. and Bhaumik, A., 2015, Mesoporous materials: versatile supports in
heterogeneous catalysis for liquid phase catalytic transformations, RSC Adv.,
5, 24363-24391.

Panahi, S.L., Dastan, D., and Chaure, N.B., 2016, Characterization of Zirconia
Nanoparticles Grown by Sol-Gel Method, Adv. Sci. Lett., 22, 941-944.

Poernomo, H., Biyantoro, D., and Purwani, M.V., 2016, Kajian Konsep Teknologi
Pengolahan Pasir Zirkon Lokal yang Mengandung Monasit, Senotim dan
IImenit, Eksplorium, 37, 73-88.

Pownceby, M.1., Sparrow, G.J., Aral, H., Smith, L.K., and Bruckard, W.J., 2015,
Recovery and processing of zircon from Murray Basin mineral sand deposits,
Miner. Process. Extr. Metall., 124, 240-253.

Prameswara, G., Trisnawati, I., Mulyono, P., Prasetya, A., and Petrus, H.T.B.M.,
2021, Leaching Behaviour and Kinetic of Light and Heavy Rare Earth
Elements (REE) from Zircon Tailings in Indonesia, JOM, 73, 988-998.

Prameswara, G., Trisnawati, 1., Poernomo, H., Mulyono, P., Prasetya, A., and
Petrus, H.T.B.M., 2020, Kinetics of Yttrium Dissolution from Alkaline Fusion
on Zircon Tailings, Min. Metall. Explor., 37, 1297-1305.



SINTESIS NANOZIRKONIA MESOPORI TERSULFATASI DARI MINERAL IKUTAN TAMBANG TIMAH
SEBAGAI KATALIS ASAM

HETEROGEN UNTUK ESTERIFIKASI ASAM OLEAT

UNIVERSITAS Abi Farhan Fawwaz, Akhmad Syoufian, S.Si., Ph.D.; Anis Kristiani, M.Eng.

GADJAH MADA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

47

Qiang, T., Zhao, J., and Li, J., 2018, Direct synthesis of homogeneous Zr-doped
SBA-15 mesoporous silica via masking zirconium sulfate, Microporous
Mesoporous Mater., 257, 162-174.

Rabee, A., Mekhemer, G., Osatiashtiani, A., Isaacs, M., Lee, A., Wilson, K., and
Zaki, M., 2017, Acidity-Reactivity Relationships in Catalytic Esterification
over Ammonium Sulfate-Derived Sulfated Zirconia, Catalysts, 7, 204.

Rodriguez, J., Culver, D.B., and Conley, M.P., 2019, Generation of Phosphonium
Sites on Sulfated Zirconium Oxide: Relationship to Brensted Acid Strength of
Surface —OH Sites, J. Am. Chem. Soc., 141, 1484-1488.

Rosyida, I., Ullah, W., Helmi, A., and Sasaoka, M., 2019, Adapting livelihoods to
the impacts of tin mining in Indonesia: options and constraints, Extr. Ind. Soc.,
6, 1302-1313.

Sekewael, S.J., Pratika, R.A., Hauli, L., Amin, A.K., Utami, M., and Wijaya, K.,
2022, Recent Progress on Sulfated Nanozirconia as a Solid Acid Catalyst in
the Hydrocracking Reaction, Catalysts, 12, 191.

Septawendar, R., Nuruddin, A., Sutardi, S., Maryani, E., Asri, L A.T.W., and
Purwasasmita, B.S., 2018, Low-temperature metastable tetragonal zirconia
nanoparticles (NpMTZ) synthesized from local zircon by a modified sodium
carbonate sintering method, J. Aust. Ceram. Soc., 54, 643-654.

Septawendar, R., Sutardi, S., Karsono, U., and Sofiyaningsih, N., 2016, A Low-
Cost, Facile Method on Production of Nano Zirconia and Silica from Local
Zircon in a Large Scale Using a Sodium Carbonate Sintering Technology, J.
Aust. Ceram. Soc., 52, 92-102.

Shao, Y., Li, Y., Sun, K., Zhang, Z., Tian, H., Gao, G., Li, Q., Liu, Qianhe, Liu,
Qing, and Hu, X., 2020, Sulfated Zirconia with Different Crystal Phases for
the Production of Ethyl Levulinate and 5-Hydroxymethylfurfural, Energy
Technol., 8, 1-10.

Shi, G., Yu, F., Yan, X., and Li, R., 2017, Synthesis of tetragonal sulfated zirconia
via a novel route for biodiesel production, J. Fuel Chem. Technol., 45, 311-
316.

Shu, Q., Tang, G., Liu, F., Zou, W., He, J., Zhang, C., and Zou, L., 2017, Study on
the preparation, characterization of a novel solid Lewis acid AI®*-
SO4> /MWCNTs catalyst and its catalytic performance for the synthesis of
biodiesel via esterification reaction of oleic acid and methanol, Fuel, 209, 290—
298.



SINTESIS NANOZIRKONIA MESOPORI TERSULFATASI DARI MINERAL IKUTAN TAMBANG TIMAH
SEBAGAI KATALIS ASAM

HETEROGEN UNTUK ESTERIFIKASI ASAM OLEAT

Abi Farhan Fawwaz, Akhmad Syoufian, S.Si., Ph.D.; Anis Kristiani, M.Eng.

UNIVERSITAS ) . . . . . . .
GADJAH MADA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/ 48

Singh, A.K. and Nakate, U.T., 2014, Microwave Synthesis, Characterization, and
Photoluminescence Properties of Nanocrystalline Zirconia, Sci. World J.,
2014, 1-7.

Singh, S. and Tandon, P.K., 2014, Catalysis: A brief review on Nano-Catalyst, J.
Energy Chem., 2, 106-115.

Srikanth, S., Devi, V.L., and Kumar, R., 2016, Unfolding the complexities of
mechanical activation assisted alkali leaching of zircon (ZrSiOs),
Hydrometallurgy, 165, 125-136.

Subuki, 1., Mohsin, M.F., Ismail, M.H., and Mohamed Fadzil, F.S., 2020, Study of
the Synthesis of Zirconia Powder from Zircon Sand obtained from Zircon
Minerals Malaysia by Caustic Fusion Method, Indones. J. Chem., 20, 782.

Sukarsono, R., Rachmawati, M., Susilowati, S.R., Husnurrofiq, D.,
Nurwidyaningrum, K., and Dewi, A.K., 2018, Effect of Sol Concentration,
Aging and Drying Process on Cerium Stabilization Zirconium Gel Produced
by External Gelation, J. Phys. Conf. Ser., 962, 012056.

Sulista, S. and Rosyid, F.A., 2022, “The economic impact of tin mining in Indonesia
during an era of decentralisation, 2001-2015: A case study of Kepulauan
Bangka Belitung Province,” Extr. Ind. Soc., 10, 1010609.

Syahrir, R., Wall, F., and Diallo, P., 2020, Socio-economic impacts and
sustainability of mining, a case study of the historical tin mining in Singkep
Island-Indonesia, Extr. Ind. Soc., 7, 1525-1533.

Takase, M., Zhang, M., Feng, W., Chen, Y., Zhao, T., Cobbina, S.J.,, Yang, L., and
Wu, X., 2014, Application of zirconia modified with KOH as heterogeneous
solid base catalyst to new non-edible oil for biodiesel, Energy Convers.
Manag., 80, 117-125.

Tang, M., Zhou, C., Pan, J., Zhang, N., Liu, C., Cao, S., Hu, T., and Ji, W., 2019,
Study on extraction of rare earth elements from coal fly ash through alkali
fusion — Acid leaching, Miner. Eng., 136, 36-42.

Tankov, I., Mustafa, Z., Nikolova, R., Veli, A., and Yankova, R., 2022, Biodiesel
(methyl oleate) synthesis in the presence of pyridinium and aminotriazolium
acidic ionic liquids: Kinetic, thermodynamic studies, Fuel, 307, 121876.

Tavizén-Pozos, J.A., Chavez-Esquivel, G., Suarez-Toriello, V.A., Santolalla-
Vargas, C.E., Luévano-Rivas, O.A., Valdés-Martinez, O.U., Talavera-Lopez,
A., and Rodriguez, J.A., 2021, State of Art of Alkaline Earth Metal Oxides
Catalysts Used in the Transesterification of Oils for Biodiesel Production,
Energies (Basel), 14, 1031.



SINTESIS NANOZIRKONIA MESOPORI TERSULFATASI DARI MINERAL IKUTAN TAMBANG TIMAH
SEBAGAI KATALIS ASAM

HETEROGEN UNTUK ESTERIFIKASI ASAM OLEAT

Abi Farhan Fawwaz, Akhmad Syoufian, S.Si., Ph.D.; Anis Kristiani, M.Eng.

UNIVERSITAS ) . . . . . . .
GADJAH MADA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/ 49

Ullattil, S.G. and Periyat, P., 2017, Sol-Gel Synthesis of Titanium Dioxide, in Pillai,
S.C. and Hehir, S. (eds) Sol-Gel Materials for Energy, Environment and
Electronic Applications, Springer International Publishing, Cham, pp. 271—
283.

Veillette, M., Giroir-Fendler, A., Faucheux, N., and Heitz, M., 2017, Esterification
of free fatty acids with methanol to biodiesel using heterogeneous catalysts:
From model acid oil to microalgae lipids, Chem. Eng. J., 308, 101-109.

Verma, R., Mantri, B., and Kumar Srivastava, A., 2015, Shape Control Synthesis,
Characterizations, Mechanisms And Optical Properties Of Larg Scaled
Metal oxide Nanostructures Of ZnO And TiO2, Adv. Mater. Lett., 6, 324-333.

Wijaya, K., Pratika, R.A., Fitri, E.R., Prabani, P.F., Candrasasi, Y., Saputri, W.D.,
Mulijani, S., Patah, A., and Wibowo, A.C., 2022, Effect of Sulfation on
Physicochemical Properties of ZrO, and TiO2 Nanoparticles, Korean J. Mater.
Res., 32, 125-131.

Yan, G.X., Wang, A., Wachs, |.E., and Baltrusaitis, J., 2019, Critical review on the
active site structure of sulfated zirconia catalysts and prospects in fuel
production, Appl. Catal. A Gen., 572, 210-225.

Yasin, C.M., Ferlianta, W., Wardana, A.l., Ramanda, Y., Praditya, A., and
Asdriargo, A., 2021, Peluang Investasi Zirkon Indonesia, Kementerian ESDM
Republik Indonesia, Jakarta.

Yu, H., Niu, S., Bai, T., Tang, X., and Lu, C., 2018, Microwave-assisted preparation
of coal-based heterogeneous acid catalyst and its catalytic performance in
esterification, J. Clean. Prod., 183, 67—76.

Yu, H., Niu, S, Lu, C,, Li, J,, and Yang, Y., 2016, Preparation and esterification
performance of sulfonated coal-based heterogeneous acid catalyst for methyl
oleate production, Energy Convers. Manag., 126, 488-496.

Yuan, H., Dong, Z., He, J., Wang, Y., and Zhang, H., 2019, Surface characterization
of sulfated zirconia and its catalytic activity for epoxidation reaction of castor
oil, Chem. Eng. Commun., 206, 1618-1627.

Yusoff, M.F.M., Xu, X., and Guo, Z., 2014, Comparison of Fatty Acid Methyl and
Ethyl Esters as Biodiesel Base Stock: a Review on Processing and Production
Requirements, J. Am. Oil Chem. Soc., 91, 525-531.

Zhang, W., Wang, Z., Huang, J., and Jiang, Y., 2021, Zirconia-Based Solid Acid
Catalysts for Biomass Conversion, Energy Fuels, 35, 9209-9227.

Zhang, Y., Chen, H.-X., Duan, L., Fan, J.-B., Ni, L., and Ji, V., 2018, A comparison
study of the structural and mechanical properties of cubic, tetragonal,



SINTESIS NANOZIRKONIA MESOPORI TERSULFATASI DARI MINERAL IKUTAN TAMBANG TIMAH
SEBAGAI KATALIS ASAM

HETEROGEN UNTUK ESTERIFIKASI ASAM OLEAT

Abi Farhan Fawwaz, Akhmad Syoufian, S.Si., Ph.D.; Anis Kristiani, M.Eng.

UNIVERSITAS ) . . . . . . .
GADJAH MADA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/ 50

monoclinic, and three orthorhombic phases of ZrO,, J. Alloys. Compd., 749,
283-292.

Zhao, R., Kasipandi, S., Shin, C.-H., and Bae, J.W., 2023, Catalytic Conversion of
Biomass-Derived Levulinic Acid to vy-Valerolactone over Amphoteric
Zirconium Hydroxide, ACS Catal., 13, 12711-12722.

Zhu, X., Geng, Y., Gao, Z., Tian, X., Xiao, S., and Houssini, K., 2023, Investigating
zirconium flows and stocks in China: A dynamic material flow analysis,
Resour. Policy, 80, 103139.





