
DAFTAR PUSTAKA 

Adam, F., Appaturi, J.N., dan Iqbal, A., 2012, The utilization of rice husk silica as 

a catalyst: Review and recent progress, Catal. Today, 190, 2–14. 

Akkari, R., Ghorbel, A., Essayem, N., dan Figueras, F., 2005, Mesoporous silica 

supported sulfated zirconia prepared by a sol-gel process, J. Sol-Gel Sci. 

Technol., 33, 121–125. 

Alsharaeh, E.H., Bora, T., Soliman, A., Ahmed, F., Bharath, G., Ghoniem, M.G., 

Abu-salah, K.M., dan Dutta, J., 2017, Sol-Gel-Assisted Microwave-Derived 

Synthesis of,1–11. 

Alves, H.J., da Rocha, A.M., Monteiro, M.R., Moretti, C., Cabrelon, M.D., 

Schwengber, C.A., dan Milinsk, M.C., 2014, Treatment of clay with KF: New 

solid catalyst for biodiesel production, Appl. Clay Sci., 91–92, 98–104. 

Aneu, A., Wijaya, K., dan Syoufian, A., 2022, Porous silica modification with 

sulfuric acids and potassium fluorides as catalysts for biodiesel conversion 

from waste cooking oils, J. Porous Mater.,. 

Aneu, A., Wijaya, K., dan Syoufian, A., 2021, Silica-Based Solid Acid Catalyst 

with Different Concentration of H2SO4 and Calcination Temperature: 

Preparation and Characterization, Silicon, 13, 2265–2270. 

Anonim, 2019, Indonesia Energy Outlook 2019, Sekretariat Jenderal Dewan Energi 

Nasional. 

Aziz, I., Nurbayti, S., dan Ulum, B., 2011, Esterifikasi Asam Lemak Bebas Dari 

Minyak Goreng Bekas, J. Kim. Val., 2, 384–388. 

Benak, K.R., Dominguez, L., Economy, J., dan Mangun, C.L., 2002, Sulfonation 

of pyropolymeric fibers derived from phenol-formaldehyde resins, Carbon N. 

Y., 40, 2323–2332. 

Berquier, J.M., Teyssedre, L., dan Jacquiod, C., 1998, Synthesis of Transparent 

Mesoporous and Mesostructured Thin Silica Films, J. Sol-Gel Sci. Technol., 

13, 739–742. 

Berrones-Hernández, R., del Carmen Pérez-Luna, Y., Sánchez-Roque, Y., Pantoja-

Enríquez, J., Grajales-Penagos, A.L., López-Cruz, C.F., Longoria, A., Eapen, 

D., dan Sebastian, P.J., 2019, Heterogeneous Esterification of Waste Cooking 

Preparasi dan Karakterisasi Katalis SO4/SiO2 Dan KF/SiO2 serta Aplikasinya pada Sintesis Biodiesel
dari Limbah Minyak Sawit
ANEU, Prof. Dr.rer.nat. Karna Wijaya, M.Eng.; Akhmad Syoufian, S.Si. Ph.D.
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



Oil with Sulfated Titanium Dioxide (STi), Bioenergy Res., 12, 653–664. 

Charmas, B., Kucio, K., Sydorchuk, V., Khalameida, S., Zięzio, M., dan Nowicka, 

A., 2019, Characterization of multimodal silicas using tg/dtg/dta, q-tg, and dsc 

methods, Colloids and Interfaces, 3, . 

Chen, X.R., Ju, Y.H., dan Mou, C.Y., 2007, Direct synthesis of mesoporous sulfated 

silica-zirconia catalysts with high catalytic activity for biodiesel via 

esterification, J. Phys. Chem. C, 111, 18731–18737. 

da Costa, J.M. dan de Andrade Lima, L.R.P., 2021, Transesterification of cotton oil 

with ethanol for biodiesel using a KF/bentonite solid catalyst, Fuel, 293, . 

Du, L., Li, Z., Ding, S., Chen, C., Qu, S., Yi, W., Lu, J., dan Ding, J., 2019, 

Synthesis and characterization of carbon-based MgO catalysts for biodiesel 

production from castor oil, Fuel, 258, 116122. 

Du, Y., Liu, S., Ji, Y., Zhang, Y., Wei, S., Liu, F., dan Xiao, F.S., 2008, Synthesis 

of sulfated silica-doped tin oxides and their high activities in 

transesterification, Catal. Letters, 124, 133–138. 

Fatimah, I. dan Yudha, S.P., 2017, KF-Modified Natural Halloysite as Green 

Catalyst in Microwave Assisted Biodiesel Conversion, Energy Procedia, 105, 

1796–1805. 

Ganesan, D., Rajendran, A., dan Thangavelu, V., 2009, An overview on the recent 

advances in the transesterification of vegetable oils for biodiesel production 

using chemical and biocatalysts, Rev. Environ. Sci. Biotechnol., 8, 367–394. 

Gao, L., Wang, S., Xu, W., dan Xiao, G., 2015, Biodiesel production from palm oil 

over monolithic KF/γ-Al2O3/honeycomb ceramic catalyst, Appl. Energy, 146, 

196–201. 

Garadkar, K.M., Kadam, A.N., dan Park, J., 2018, Microwave-assisted sol-gel 

synthesis of metal oxide nanomaterials, Handb. Sol-Gel Sci. Technol. Process. 

Charact. Appl., 483–504. 

Ge, Y., Jia, Z., Gao, C., Gao, P., Zhao, L., dan Zhao, Y., 2014, Synthesis of 

mesoporous silica-alumina materials via urea-templated sol-gel route and their 

catalytic performance for THF polymerization, Russ. J. Phys. Chem. A, 88, 

1650–1655. 

Preparasi dan Karakterisasi Katalis SO4/SiO2 Dan KF/SiO2 serta Aplikasinya pada Sintesis Biodiesel
dari Limbah Minyak Sawit
ANEU, Prof. Dr.rer.nat. Karna Wijaya, M.Eng.; Akhmad Syoufian, S.Si. Ph.D.
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



Gerpen, J.V., 2005, Biodiesel processing and production, Fuel Process. Technol., 

86, 1097–1107. 

Ghoreishi, K.B., Asim, N., Yarmo, M.A., dan Samsudin, M.W., 2014, Mesoporous 

phosphated and sulphated silica as solid acid catalysts for glycerol acetylation, 

Chem. Pap., 68, 1194–1204. 

Hassan, N.S., Jalil, A.A., Triwahyono, S., Khusnun, N.F., Izan, S.M., Kidam, K., 

dan Johari, A., 2018, Synergistic effect of microwave rapid heating and weak 

mineralizer on silica-stabilized tetragonal zirconia nanoparticles for enhanced 

photoactivity of Bisphenol A, J. Mol. Liq., 261, 423–430. 

Hattori, H., 2015, Solid base catalysts: Fundamentals and their applications in 

organic reactions, Appl. Catal. A Gen., 504, 103–109. 

Heshmatpour, F. dan Aghakhanpour, R.B., 2012, Synthesis and characterization of 

superfine pure tetragonal nanocrystalline sulfated zirconia powder by a non-

alkoxide sol-gel route, Adv. Powder Technol., 23, 80–87. 

Inada, M., Nishinosono, A., Kamada, K., Enomoto, N., dan Hojo, J., 2008, 

Microwave-assisted sol-gel process for production of spherical mesoporous 

silica materials, J. Mater. Sci., 43, 2362–2366. 

Innocentini, M.D.M., Botti, R.F., Bassi, P.M., Paschoalato, C.F.P.R., Flumignan, 

D.L., Franchin, G., dan Colombo, P., 2019, Lattice-shaped geopolymer 

catalyst for biodiesel synthesis fabricated by additive manufacturing, Ceram. 

Int., 45, 1443–1446. 

Islam, A., Taufiq-Yap, Y.H., Chu, C.M., Ravindra, P., dan Chan, E.S., 2013, 

Transesterification of palm oil using KF and NaNO3 catalysts supported 

onspherical millimetric γ-Al2O3, Renew. Energy, 59, 23–29. 

Jung, J.I., Bae, J.Y., dan Bae, B.S., 2004, Preparation and characterization of 

structurally stable hexagonal and cubic mesoporous silica thin films, J. Sol-

Gel Sci. Technol., 31, 179–183. 

Khoeini, M., Najafi, A., Rastegar, H., dan Amani, M., 2019, Improvement of 

hollow mesoporous silica nanoparticles synthesis by hard-templating method 

via CTAB surfactant, Ceram. Int., 45, 12700–12707. 

Kiss, A.A., Dimian, A.C., dan Rothenberg, G., 2008, Biodiesel by catalytic reactive 

Preparasi dan Karakterisasi Katalis SO4/SiO2 Dan KF/SiO2 serta Aplikasinya pada Sintesis Biodiesel
dari Limbah Minyak Sawit
ANEU, Prof. Dr.rer.nat. Karna Wijaya, M.Eng.; Akhmad Syoufian, S.Si. Ph.D.
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



distillation powered by metal oxides, Energy and Fuels, 22, 598–604. 

Krishnakumar, B. dan Swaminathan, M., 2011, An expeditious and solvent free 

synthesis of azine derivatives using sulfated anatase-titania as a novel solid 

acid catalyst, Catal. Commun., 16, 50–55. 

Lee, D.W. dan Lee, K.Y., 2014, Heterogeneous Solid Acid Catalysts for 

Esterification of Free Fatty Acids, Catal. Surv. from Asia, 18, 55–74. 

Li, T., Cheng, J., Huang, R., Zhou, J., dan Cen, K., 2015, Conversion of waste 

cooking oil to jet biofuel with nickel-based mesoporous zeolite Y catalyst, 

Bioresour. Technol., 197, 289–294. 

Liu, S., Qian, X., dan Xiao, J., 2007, Synthesis and characterization of 

La0.8Sr0.2Co0.5Fe0.5O3±δ nanopowders by microwave assisted sol-gel route, J. 

Sol-Gel Sci. Technol., 44, 187–193. 

Liu, X., He, H., Wang, Y., Zhu, S., dan Piao, X., 2008, Transesterification of 

soybean oil to biodiesel using CaO as a solid base catalyst, Fuel, 87, 216–221. 

Lotero, E., Liu, Y., Lopez, D.E., Suwannakarn, K., Bruce, D.A., dan Goodwin, J.G., 

2005, Synthesis of biodiesel via acid catalysis, Ind. Eng. Chem. Res., 44, 

5353–5363. 

Lou, S., Jia, L., Guo, X., Wu, P., Gao, L., dan Wang, J., 2015, Preparation of 

diethylene glycol monomethyl ether monolaurate catalyzed by active carbon 

supported KF/CaO, Springerplus, 4, 1–11. 

Lovingood, D.D., Owens, J.R., Seeber, M., Kornev, K.G., dan Luzinov, I., 2012, 

Controlled microwave-assisted growth of silica nanoparticles under acid 

catalysis, ACS Appl. Mater. Interfaces, 4, 6875–6883. 

Ma, F. dan Hanna, M.A., 1999, Biodiesel production: a review, Bioresour. 

Technol., 70, 1–15. 

Mahesh, S.E., Ramanathan, A., Begum, K.M.M.S., dan Narayanan, A., 2015, 

Biodiesel production from waste cooking oil using KBr impregnated CaO as 

catalyst, Energy Convers. Manag., 91, 442–450. 

Mahlia, T.M.I., Syazmi, Z.A.H.S., Mofijur, M., Abas, A.E.P., Bilad, M.R., Ong, 

H.C., dan Silitonga, A.S., 2020, Patent landscape review on biodiesel 

production: Technology updates, Renew. Sustain. Energy Rev., 118, 109526. 

Preparasi dan Karakterisasi Katalis SO4/SiO2 Dan KF/SiO2 serta Aplikasinya pada Sintesis Biodiesel
dari Limbah Minyak Sawit
ANEU, Prof. Dr.rer.nat. Karna Wijaya, M.Eng.; Akhmad Syoufian, S.Si. Ph.D.
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



Maulidiyah, Nurdin, M., Fatma, F., Natsir, M., dan Wibowo, D., 2017, 

Characterization of methyl ester compound of biodiesel from industrial liquid 

waste of crude palm oil processing, Anal. Chem. Res., 12, 1–9. 

Melero, J.A., Iglesias, J., dan Morales, G., 2009, Heterogeneous acid catalysts for 

biodiesel production: Current status and future challenges, Green Chem., 11, 

1285–1308. 

Mohamed, R.M. dan Aazam, E.S., 2012, Synthesis and characterization of CeO2-

SiO2 nanoparticles by microwave-assisted irradiation method for 

photocatalytic oxidation of methylene blue dye, Int. J. Photoenergy, 2012, . 

Munasir, Sulton, A., Triwikantoro, Zainuri, M., dan Darminto, 2013, Synthesis of 

silica nanopowder produced from Indonesian natural sand via alkalifussion 

route, AIP Conf. Proc., 1555, 28–31. 

Murugan, C. dan Bajaj, H.C., 2011, Synthesis of diethyl carbonate from dimethyl 

carbonate and ethanol using KF/Al2O3 as an efficient solid base catalyst, Fuel 

Process. Technol., 92, 77–82. 

Nithya, T., Kavitha, P., Karthik, P., Anpo, M., dan Neppolian, B., 2019, The 

Microwave-Assisted Synthesis of Silica-Based Materials and Their 

Photocatalysis, Elsevier Inc. 

Patel, A., Brahmkhatri, V., dan Singh, N., 2013, Biodiesel production by 

esterification of free fatty acid over sulfated zirconia, Renew. Energy, 51, 227–

233. 

Pisal, A.A. dan Rao, A.V., 2016, Comparative studies on the physical properties of 

TEOS, TMOS and Na2SiO3 based silica aerogels by ambient pressure drying 

method, J. Porous Mater., 23, 1547–1556. 

Pratika, R.A., Wijaya, K., dan Trisunaryanti, W., 2021, Hydrothermal treatment of 

SO4/TiO2 and TiO2/CaO as heterogeneous catalysts for the conversion of 

Jatropha oil into biodiesel, J. Environ. Chem. Eng., 9, . 

Radwan, N.R.E., Hagar, M., Afifi, T.H., Al-wadaani, F., dan Okasha, R.M., 2018, 

Catalytic Activity of Sulfated and Phosphated Catalysts towards the Synthesis 

of Substituted Coumarin, Catalysts, 8, 36. 

Raju, V., Radhakrishnan, R., Jaenicke, S., dan Chuah, G.K., 2011, KF on γ-

Preparasi dan Karakterisasi Katalis SO4/SiO2 Dan KF/SiO2 serta Aplikasinya pada Sintesis Biodiesel
dari Limbah Minyak Sawit
ANEU, Prof. Dr.rer.nat. Karna Wijaya, M.Eng.; Akhmad Syoufian, S.Si. Ph.D.
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



alumina: An efficient catalyst for the aldol condensation to pseudoionones, 

Catal. Today, 164, 139–142. 

Ranucci, C.R., Colpini, L.M.S., Monteiro, M.R., Kothe, V., Gasparrini, L.J., dan 

Alves, H.J., 2015, Preparation, characterization and stability of KF/Si-MCM-

41 basic catalysts for application in soybean oil transesterification with 

methanol, J. Environ. Chem. Eng., 3, 703–707. 

Rosenberg, D.J. dan Anderson, J.A., 2002, On determination of acid site densities 

on sulfated oxides, Catal. Letters, 83, 59–63. 

Silva, L.C.A., Silva, E.A., Monteiro, M.R., Silva, C., Teleken, J.G., dan Alves, H.J., 

2014, Effect of the chemical composition of smectites used in KF/Clay 

catalysts on soybean oil transesterification into methyl esters, Appl. Clay Sci., 

102, 121–127. 

Singh, D., Sharma, D., Soni, S.L., Inda, C.S., Sharma, S., Sharma, P.K., dan Jhalani, 

A., 2021, A comprehensive review of biodiesel production from waste cooking 

oil and its use as fuel in compression ignition engines: 3rd generation cleaner 

feedstock, J. Clean. Prod., 307, 127299. 

Singh, D., Sharma, D., Soni, S.L., Sharma, S., Kumar Sharma, P., dan Jhalani, A., 

2019, A review on feedstocks, production processes, and yield for different 

generations of biodiesel, Fuel, 262, 116553. 

Song, Z., Wang, H., Niu, Y., Liu, X., dan Han, J., 2015, Selective conversion of 

cellulose to hexitols over bi-functional Ru-supported sulfated zirconia and 

silica-zirconia catalysts, Front. Chem. Sci. Eng., 9, 461–466. 

Souza, R.D., Vats, T., Chattree, A., dan Siril, P.F., 2018, Effect of Metal Oxides on 

the Catalytic Activities of Sulfonated Graphene Oxide for the Esterification of 

Oleic Acid and Conversion of Waste Cooking Oil to Biodiesel, Catal. Letters, 

148, 2848–2855. 

Srinivas, D. dan Satyarthi, J.K., 2011, Biodiesel Production from Vegetable Oils 

and Animal Fat over Solid Acid Double-Metal Cyanide Catalysts, Catal. Surv. 

from Asia, 15, 145–160. 

Thitsartarn, W. dan Kawi, S., 2011, Transesterification of oil by sulfated Zr-

supported mesoporous silica, Ind. Eng. Chem. Res., 50, 7857–7865. 

Preparasi dan Karakterisasi Katalis SO4/SiO2 Dan KF/SiO2 serta Aplikasinya pada Sintesis Biodiesel
dari Limbah Minyak Sawit
ANEU, Prof. Dr.rer.nat. Karna Wijaya, M.Eng.; Akhmad Syoufian, S.Si. Ph.D.
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



Thommes, M., Kaneko, K., Neimark, A. V., Olivier, J.P., Rodriguez-Reinoso, F., 

Rouquerol, J., dan Sing, K.S.W., 2015, Physisorption of gases, with special 

reference to the evaluation of surface area and pore size distribution (IUPAC 

Technical Report), Pure Appl. Chem., 87, 1051–1069. 

Utami, M., Wijaya, K., dan Trisunaryanti, W., 2017, Effect of sulfuric acid 

treatment and calcination on commercial zirconia nanopowder, Key Eng. 

Mater., 757 KEM, 131–137. 

Utami, M., Wijaya, K., dan Trisunaryanti, W., 2018, Pt-promoted sulfated zirconia 

as catalyst for hydrocracking of LDPE plastic waste into liquid fuels, Mater. 

Chem. Phys., 213, 548–555. 

Wang, B., Li, S., Tian, S., Feng, R., dan Meng, Y., 2013, A new solid base catalyst 

for the transesterification of rapeseed oil to biodiesel with methanol, Fuel, 104, 

698–703. 

Wang, Y.T., Fang, Z., dan Zhang, F., 2019, Esterification of oleic acid to biodiesel 

catalyzed by a highly acidic carbonaceous catalyst, Catal. Today, 319, 172–

181. 

Wijaya, K., Ariyanti, A.D., Tahir, I., Syoufian, A., Rachmat, A., dan Hasanudin, 

2018, Synthesis of Cr/Al2O3- Bentonite Nanocomposite as the Hydrocracking 

Catalyst of Castor Oil, Nano Hybrids Compos., 19, 46–54. 

Wijaya, K., Hadi, K., Herlina, I., dan Kurnia, A.T., 2016, Nanonaterial: Aplikasinya 

dalam pembuatan biofuel, Gadjah Mada University Press. 

Wu, Y. dan Liao, S., 2009, Review of SO4
2-/MxOy solid superacid catalysts, Front. 

Chem. Eng. China, 3, 330–343. 

Xuan, J.A., Zheng, X., dan Hu, H., 2012, Active sites of supported KF catalysts for 

transesterification, Catal. Commun., 28, 124–127. 

Xue, S.H., Xie, H., Ping, H., Li, Q.C., Su, B.L., dan Fu, Z.Y., 2015, Induced 

transformation of amorphous silica to cristobalite on bacterial surfaces, RSC 

Adv., 5, 71844–71848. 

Yadav, G.D. dan Nair, J.J., 1999, Sulfated zirconia and its modified versions as 

promising catalysts for industrial processes, Microporous Mesoporous Mater., 

33, 1–48. 

Preparasi dan Karakterisasi Katalis SO4/SiO2 Dan KF/SiO2 serta Aplikasinya pada Sintesis Biodiesel
dari Limbah Minyak Sawit
ANEU, Prof. Dr.rer.nat. Karna Wijaya, M.Eng.; Akhmad Syoufian, S.Si. Ph.D.
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



Ye, X., Wang, W., Zhao, X., Wen, T., Li, Y., Ma, Z., Wen, L., Ye, J., dan Wang, 

Y., 2018, The role of the KCaF3 crystalline phase on the activity of KF/CaO 

biodiesel synthesis catalyst, Catal. Commun., 116, 72–75. 

Zhai, Y., Li, J., Li, X., Dong, Y., Wang, Y., dan Song, S., 2015, Synthesis and 

luminescent properties of NaLa(MoO4)2:Eu3+,Tb3+ phosphors by 

microwave-assisted sol–gel method, J. Sol-Gel Sci. Technol., 74, 544–549. 

Zhang, Y., Li, J., Li, B., Li, Z., He, Y., Qin, Z., dan Gao, R., 2021, Preparation of 

Ni-La/Al2O3-CeO2-Bamboo Charcoal Catalyst and Its Application in Co-

pyrolysis of Straw and Plastic for Hydrogen Production, Bioenergy Res.,. 

Zheng, J.Y., Pang, J. Bin, Qiu, K.Y., dan Wei, Y., 2000, Synthesis of mesoporous 

silica materials with hydroxyacetic acid derivatives as templates via a sol-gel 

process, J. Inorg. Organomet. Polym. Mater., 10, 103–113. 

Zhu, Y.J. dan Chen, F., 2014, Microwave-assisted preparation of inorganic 

nanostructures in liquid phase, Chem. Rev., 114, 6462–6555. 

 

Preparasi dan Karakterisasi Katalis SO4/SiO2 Dan KF/SiO2 serta Aplikasinya pada Sintesis Biodiesel
dari Limbah Minyak Sawit
ANEU, Prof. Dr.rer.nat. Karna Wijaya, M.Eng.; Akhmad Syoufian, S.Si. Ph.D.
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/


