geningkatan Kualitas Iron Ore atau Bijih Besi Dengan Proses Reduksi Langsung Menggunakan Tar

an

Biomassa Sebagai Agen Reduksi

UNIVERSITAS ARIANY ZULKANIA, Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU.; Prof. Ir. Rochmadi, S.U., Ph.D., IPU.; Rochim Bak

GADJAH MADA Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

DAFTAR PUSTAKA

Abe, K., Kurniawan, A., Ohashi, K., Nomura, T., dan Akiyama, T. 2018. Ultrafast Iron-
Making Method: Carbon Combustion Synthesis from Carbon-Infiltrated Goethite
Ore, ACS Omega, 3, 6151-6157.

Arshad, M.A dan Maarouf, A.K. 2014. An innovative reaction model determination
methodology in solid state Kkinetics based on variable activation energy.
Thermochimica Acta, 585, 25-35.

Basu, P. 2010. “Biomass Gasification and Pyrolysis-Practical Design and Theory”.
Elsevier, Burlington MA

Benanti, E.., Freda, C., Lorefice, V., Braccio, G., dan Sharma, V.K. 2011. Simulation of
Olive Pits Pyrolysis in a Rotary Kiln Plant, Thermal Science,15, 1, 145-148.

Bertero, M., Gorostegui, H.A., Orrabalis, C.J., Guzman, C.A., dan Calandri, E.L., 2014,
Characterization of The Liquid in The Pyrolysis of Residual Chanar and palm Fuit
Biomasses, Fuel, 116, 409-414.

BPDP. 2018. Potensi Limbah Kelapa Sawit Indonesia, https://www.bpdp.or.id/Potensi-
Limbah-Kelapa-Sawit-Indonesia (diakses 12 Juni 2022)

Cahyono, R. B., Rozhan, A. N., Yasuda, N., Nomura, T., Hosokai, S., Kashiwaya, Y.,
dan Akiyama, T. 2013. Catalytic coal-tar decomposition to enhance reactivity of low-
grade iron ore. Fuel Processing Technology, 113, 84-89.
https://doi.org/10.1016/J.FUPROC.2013.03.012

Cahyono, R. B., Yasuda, N., Nomura, T., dan Akiyama, T. 2015. Utilization of Low
Grade Iron Ore (FeOOH) and Biomass Through Integrated Pyrolysis-tar
Decomposition (CVI process) in Ironmaking Industry: Exergy Analysis and its
Application, ISIJ International, 55, 2, 428-435

Cahyono, R.B., Hidayat, M., Yasuda, N., Nomura, T., dan Akiyama, T. 2018. Tar
Decomposition over a Porous Iron Ore Catalyst: Experiment and Kinetic Analysis,
Energy&Fuels, 32, 70467053

Castro, J.A., Nogami, H., dan Yagi, J. 2000. Transient Mathematical Model of Blast
Furnace Based on Multi-fluid Concept, with Application to High PCI Operation. ISI1J
International, 40(7), 637—646.

Chen, D., zZhou, J., dan Zhang, Q. 2014. Effects of heating rate on slow pyrolysis
behavior, kinetic parameters and products properties of moso bamboo. Bioresource
Technology, 169, 313-319.

Chen, H., Zheng, Z., dan Shi, W. 2015. Investigation on the Kinetics of Iron Ore Fines
Reduction by CO in a Micro-fluidized Bed. Procedia Engineering, 102, 1726-1735.
https://doi.org/10.1016/j.proeng.2015.01.308

Chen, H., Zheng, Z., Chen, A., dan Bi, X.T. 2017. Reduction of hematite (Fe.Oz3) to
metallic iron (Fe) by CO in a micro fluidized bed reaction analyzer: A multistep
Kinetics study. Powder Technology, 316, 410-420.
http://dx.doi.org/10.1016/j.powtec.2017.02.067

Cubic. 2022. Portable Infrared Syngas Analyzer Gasboard-3100P. Cubic Sensor and
Instrumen Co., Ltd. https://en.gassensor.com.cn/GasAnalyzer/info_itemid_252.html
(diakses 12 Juli 2022)

Devi, L., Ptasinski, K.J., Janssen, F.J.J.G., Sander, V.B., van Paasen, Bergman, P.C.A.,
dan Kiel, J.H.A. 2005. Catalytic decomposition of biomass tars: use of dolomite and
untreated olivine. Renewable Energy, 30, 565-587

87



geningkatan Kualitas Iron Ore atau Bijih Besi Dengan Proses Reduksi Langsung Menggunakan Tar

an

Biomassa Sebagai Agen Reduksi

UNIVERSITAS ARIANY ZULKANIA, Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU.; Prof. Ir. Rochmadi, S.U., Ph.D., IPU.; Rochim Bak

GADJAPB/IU'E?{\ Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/
H

P., Zhang, C., Wang, F., Fu, J., L0, X., Xu, Y., & Shi, X. 2016. Activated carbons
for the hydrothermal upgrading of crude duckweed bio-oil. Catalysis Today, 274,
73-81. https://doi.org/10.1016/j.cattod.2016.01.046

El-Rub, Z.A., Bramer, E.A., & Brem, G. 2004. Review of Catalysts for Tar Elimination
in Biomass Gasification Processes, Industrial & Engineering Chemistry Research.,
43,6911-6919

Erlangga, B. D., & Wibawa, A. 2014. Pengolahan bijih besi dari Tasikmalaya dengan
metode reduksi, Prosiding Pemaparan hasil Penelitian Pusat Penelitian Geoteknologi
LIPI, 283-290.

Guan, G., Kaewpanha, M., Hao, X., & Abudula, A. 2016. Catalytic steam reforming of
biomass tar: Prospects and challenges, Renewable and Sustainable Energy Reviews,
58, 450-461.

Guo, D., Hu, M., Pu, C., Xiao, B., Hu, Z., Liu, S., Zhu, X. 2015. Kinetics and mechanisms
of direct reduction of iron ore-biomass composite pellets with hydrogen gas.
International ~ Journal  of  Hydrogen  Energy, 40(14), 4733-4740.
https://doi.org/10.1016/J.1JHYDENE.2015.02.065

Guo, D., Zhu, L., Guo, S., Cui, B., Luo, S., Laghari, M., Chen, Z., Ma, C., Zhou, Y.,
Chen, J., Xiao, B, Hu, M., Luo, S. 2016. Direct reduction of oxidized iron ore pellets
using biomass syngas as the reducer. Fuel Processing Technology, 148, 276-281.

Guo, D., Li, Y., Cui, B., Chen, Z., Luo, S., Xiao, B., Zhu, H., Hu, M. 2017. Direct
reduction of iron ore/biomass composite pellets using simulated biomass-derived
syngas: Experimental analysis and kinetic modelling. Chemical Engineering
Journal, 327, 822-830.

Hammam, A., Cao, Y., EI-Geassy, A.A., EI-Sadek, M.H., Li, Y., Wei, H., Omran, M.,
Yu, Y. 2021. Non-Isothermal Reduction Kinetics of Iron Ore Fines with Carbon-
Bearing Materials. Metals, 11, 1137

Haryati, Z., Loh, S.K., Kong, S.H., dan Bachmann, R.T. 2018. Pilot Scale Biochar
Production from Palm Kernel Shell (PKS) In A Fixed Bed Allothermal Reactor.
Journal of Oil Palm Research, 30, 485-494

Hata, Y., Purwanto, H., Hosokai, S., Hayashi, J., Kashiwaya, Y., Akiyama, T. 2009.
Biotar Ironmaking Using Wooden Biomass and Nanoporous Iron Ore, Energy& Fuel,
23, 1128-1131.

He, L., Hui, H., Li, S., & Lin, W. 2018. Production of light aromatic hydrocarbons by
catalytic cracking of coal pyrolysis vapors over natural iron ores, Fuel, 216, 227-232.
https://doi.org/10.1016/j.fuel.2017.12.005

Hosokai, S., Matsui, K., Okinaka, N., Ohno, K., Shimizu, M., Akiyama, T. 2012. Kinetic
Study on the Reduction Reaction of Biomass-Tar-Infiltrated Iron, Energy&Fuel, 26,
7274-7279

Huang, D., Zong, Y., Wei, R., Gao, W., Liu, X. 2016. Direct Reduction of High-
phosphorous Oolitic Hematite Ore Based on Biomass Pyrolysis. Journal of Iron and
Steel Research, 23(9), 874-883

Hubbard, C.R., Snyder, R.L. 1988. RIR-measurement and use in quantitative XRD,
Powder Diffract. 3, 74-77.

Husain, S., Suarso, E., Maddu, A., Sugianto. 2016. Karakterisasi Kandungan Bijih Besi
Alam Sebagai Bahan Baku Magnetit Nanopartikel, Prosiding Simposium Fisika
nasional 2016 (SFN XXIX), Makassar-Indonesia

International Iron Metalic Association/lIMA. 2018. Direct Reduced Iron (DRI).
https://www.metallics.org/dri.html (diakses 15 juli 2022).

88



geningkatan Kualitas Iron Ore atau Bijih Besi Dengan Proses Reduksi Langsung Menggunakan Tar

an

Biomassa Sebagai Agen Reduksi

ARIANY ZULKANIA, Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU.; Prof. Ir. Rochmadi, S.U., Ph.D., IPU.; Rochim Bak

UNIVERSITAS Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

GADATSEBIG, M.H., Lee, D.H., & Bae, J.W. 2015. Reduction and oxidation kinetics of different
phases of iron oxides, International Journal of Hydrogen Energy, 40, 2613-2620
Kashiwaya, Y. dan Akiyama, T. 2010. Nanocrack Formation in Hematite through the
Dehydration of Goethite and the Carbon Infiltration from Biotar, Journal of

Nanomaterials, 235609. doi: 10.1155/2010/235609

Khawam. A dan Flanagan, D.R. 2006. Solid-State Kinetic Models: Basics and
Mathematical Fundamentals, The Journal of Physical and Chemistry B, 110, 17315-
17328

Kowitwarangkul, P., Babich, A., dan Senk, D., 2014. Reduction Kinetics of Self-
Reducing Pellets of Iron Ore, Proceeding: AlISTech 2014.

Kurniawan, A., Abe, K., Nomura, T., dan Akiyama, T. 2017. Integrated Pyrolysis—Tar
Decomposition over Low-Grade Iron Ore for Ironmaking Applications: Effects of
Coal-Biomass Fuel Blending, Energy&Fuel, 32, 395-405

Kurniawan, A., Abe, K., Ohashi, K., Nomura, T., dan Akiyama, T. 2018. Reduction of
mild-dehydrated, low-grade iron ore by ethanol. Fuel Processing Technology. 178,
156-165,

Man, Y., dan Feng, J. 2016. Effect of gas composition on reduction behavior in red mud
and iron ore pellets. Powder Technology, 301, 674-678.
https://doi.org/10.1016/J.POWTEC.2016.06.013

Maniatis, K., dan Beenackers, A. A. C. M. 2000. Tar Protocols. IEA Bioenergy
Gasification Task. Biomass & Bioenergy, 18(1), 1 - 4.

Meisrilestari, Y., Khomaini, R., dan Wijayanti, H. 2013. Pembuatan arang aktif dari
cangkang kelapa sawit dengan aktivasi secara fisika, kimia dan fisika-kimia.
Konversi, 2(1), 46-51

Milne, T.A., Evans, R.J., dan Abatzoglou, N., 1998. Biomass gasifier “tars”, their nature,
formation, and conversion. Report No. NREL/TP-570-25357, NREL, Golden,
Colorado, USA.

Mochizuki, Y., Nishio, M., Tsubouchi, N., dan Akiyama, T. 2016. Preparation of Carbon-
containing Iron Ore with Enhanced Crushing Strength from Limonite by
Impregnation and Vapor Deposition of Tar Recovered from Coke Oven Gas,
Energy&Fuel, 30, 6233—6239.

Montoya J.1., Valdes, C., Chejne, F., Gomez, C.A., Blanco, A., Marrugo, G., Osorio, J.,
Castillo, E., Aristobulo, J., dan Acero, J. 2015. Bio-Oil Production from Colombia
Baggase by Fast Pyrolysis in a Fluidized Bed: An Experimental Study. Journal of
Analytical and Applied Pyrolysis. Vol. 112. 379-387.

Moraes, S.L., de Lima, J.R.B., dan Ribeiro, J.L. 2018. Iron Ore Pelletizing Process: An
Overview. Book chapter: Iron Ores and Iron Oxide Materials. Intechopen. 41-59
NIST Chemistry WebBook. 2022. NIST Standard Reference Database Number 69.

https://webbook.nist.gov/chemistry/ (diakses tanggal 25 Febaruari 2022).

Oyedun, A.O., Gebreegziabher, T., dan Hui, C.W. 2013. Mechanism and modelling of
bamboo  pyrolysis, Fuel  Processing  Technology, 106, 595-604.
http://dx.doi.org/10.1016/j.fuproc.2012.09.031

Oh, J., dan Noh, D. 2017. The reduction Kkinetics of hematite particles in H, and CO
atmospheres. Fuel, 196, 144-153. https://doi.org/10.1016/j.fuel.2016.10.125

Parthasarathy, P., Al-Ansari, T., dan Mackey, H.R. 2021. Effect of heating rate on the
pyrolysis of camel manure. Biomass Conversion and
Biorefinery. https://doi.org/10.1007/s13399-021-01531-9

89



geningkatan Kualitas Iron Ore atau Bijih Besi Dengan Proses Reduksi Langsung Menggunakan Tar

an

Biomassa Sebagai Agen Reduksi

UNIVERSITAS ARIANY ZULKANIA, Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU.; Prof. Ir. Rochmadi, S.U., Ph.D., IPU.; Rochim Bak

GADJAPHQ@RA Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

1d, R.Z.A., Salleh, H.M., Ani, M.H., Yunus, N.A., Akiyama, T., Purwanto, H. 2014.
Reduction of low grade iron ore pellet using palm kernel shell. Renewable Energy,
63, 617-623. http://dx.doi.org/10.1016/j.renene.2013.09.046

Rath, S. S., Rao, D. S., Tripathy, A., & Biswal, S. K. 2018. Biomass briquette as an
alternative reductant for low grade iron ore resources. Biomass and Bioenergy, 108,
447-454. https://doi.org/10.1016/J.BIOMBIOE.2017.10.045

Raveendran, K., Ganesh, A., & Khilar, K. C. 1995. Influence of mineral matter on
biomass pyrolysis characteristics. Fuel, 74(12), 1812-1822.
https://doi.org/10.1016/0016-2361(95)80013-8

Rozhan, A.N., Cahyono, R.B., Yasuda, N., Nomura, T., Hosokai, S., Purwanto, H.,
Akiyama, T. 2012. Carbon Deposition from Biotar by Fast Pyrolysis Using the
Chemical Vapor Infiltration Process within Porous Low-Grade Iron Ore for Iron-
Making, Energy&Fuel, 26, 7340-7346

Sharma, A., Pareek, V., & Zhang, D. 2015. Biomass pyrolysis - A review of modelling,
process parameters and catalytic studies. Renewable and Sustainable Energy Reviews,
50, 1081-1096. https://doi.org/10.1016/j.rser.2015.04.193

Solomons, T. W. G., & Fryhle, C. 2009. Organic Chemistry. John Wiley & Sons.

Suara Karya, 2016, Kebutuhan Baja Domestik Belum Mencukupi (internet), Kementrian
Perindustrian Republik Indonesia,
http://www.kemenperin.go.id/artikel/8163/Kebutuhan-Baja-Domestik-Belum-
Mencukupi (diakses 10 Juni 2018)

Sun, Y., Han, Y., Gao, P., Wei, X., & Li, G. 2015 (a). Thermogravimetric study of coal-
based reduction of oolitic iron ore: Kinetics and mechanisms, International Journal
of Mineral Processing, 143, 87-97

Sun, Y., Han, Y., Wei, X., Gao, P. 2016. Non-isothermal reduction kinetics of oolitic
iron ore in ore/coal mixture, Journal of Thermal Analysis and Calorimetry, 123,
703-715

Sufriadin, Widodo, S., dan Biatong, R. 2013. Hasil Penelitian Fakultas Teknik :
Karaktersasi Mineralogi Bijih Besi Laterit dan Potensinya Sebagai Bahan Baju Besi
Baja di Indonesia, Prosiding 2013: Hasil Penelitian Fakultas Teknik, Vol. 7,
Makasar: Grup Teknik Universitas Hasanuddin Press.

Suopajarvi, H., Kemppainen, A., Haapakangas, J., & Fabritius, T. 2017. Extensive review
of the opportunities to use biomass-based fuels in iron and steelmaking processes.
Journal of Cleaner Production, 148, 709-734.

Suopajarvi, H., Pongracz, E., & Fabritius, T. 2013. The potential of using biomass-based
reducing agents in the blast furnace: A review of thermochemical conversion
technologies and assessments related to sustainability. Renewable and Sustainable
Energy Reviews, 25, 511-528. https://doi.org/10.1016/J.RSER.2013.05.005

The Japan Institute of Energy. 2009. “Buku Panduan Biomassa Asia: Paduan untuk
Produksi dan Pemanfaatan Biomassa”, Jepang.

Uddin, M.A., Tsuda, H., Wu, S., Sasaoka, E. 2008. Catalytic decomposition of biomass
tars with iron oxyde catalyst. Fuels, 87, 451-459

Varhegyi, G. Bobaly, B., Jakab, E., Chen, H. 2011. Thermogravimetric Study of Biomass
Pyrolysis Kinetics. A Distributed Activation Energy Model with Prediction Tests.
Energy Fuels, 25, 24-32. DOI:10.1021/ef101079r

Vyazovkin, S., Burnham, A.K., Criado, J.M., Pérez-Maqueda, L.A., Popescu, C.,
Sbirrazzuoli, N. 2020. ICTAC Kinetics Committee recommendations for performing
kinetic computations on thermal analysis data. Thermochimica Acta, 520, 1-19

90



geningkatan Kualitas Iron Ore atau Bijih Besi Dengan Proses Reduksi Langsung Menggunakan Tar

an

Biomassa Sebagai Agen Reduksi

UNIVERSITAS ARIANY ZULKANIA, Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU.; Prof. Ir. Rochmadi, S.U., Ph.D., IPU.; Rochim Bak

GADJAPWQH@ Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/
H

G., Zhang, J., Zhang, G., Wang, H., Zhao, D. 2017a. Experiments and Kinetic
Modeling for Reduction of Ferric Oxidebiochar Composite Pellets. [ISIJ
International, 57(8), 1374-1383.

Wang, Y.D., Hua, X.N., Zhao, C.C., Fu, T.T., Li W., & Wang, W. 2017b. Step-wise
reduction kinetics of Fe.O3 by CO/CO2 mixtures for chemical looping hydrogen
generation, International Journal of Hydrogen Energy, 42, 5667-5675

Wang, R., Zhao, Y., Babich, A., Senk, D., Fan, X. 2022. Comprehensive study on the
reduction of biomass embedded self-reducing pellets (SRP) under H: involved
conditions by TG-DTA, Powder Technology, 407, 117654

Weerachanchai, P., Tangsathitkulchai, C., & Tangsathitkulchai, M. 2010. Comparison of
Pyrolysis Kinetic Models for Thermogravimetric Analysis of Biomass, Suranaree
Journal of Science and Technology, 17(4), 387-400

Wei, R., Cang, D., Bai, Y., Huang, D., Liu, X. 2016. Reduction Characteristics and
Kinetics of Iron Oxide by Carbon in Biomass, Ironmaking & Steelmaking, 43(2), 144-
152

Wei, R., Zhang, L, Cang, D., Li, J., Li, X., Xu, C.C. 2017a. Current status and potential
of biomass utilization in ferrous metallurgical industry. Renewable and Sustainable
Energy Reviews, 68, 511-524

Wei, R., Feng, S., Long, H., Li, J., Yuan, Z., Cang, D., & Charles, C. 2017b. Coupled
biomass ( lignin ) gasification and iron ore reduction : A novel approach for biomass
conversion and application. Energy, 140, 406-414.
https://doi.org/10.1016/j.energy.2017.08.080

Wei, Z., Zhang, J., Qin, B., Dong, Y., Lu, Y., Li, Y. 2018. Reduction Kkinetics of hematite
ore fines with Hz in a rotary drum reactor, Powder Technology, 332, 18-26.

Wei, R., Xiang, D., Long, H., Xu, C., Li, J. 2020. Reduction of iron oxide by lignin:
Characteristics,  kinetics and  superiority.  Energy, 197, 117203.
https://doi.org/10.1016/j.energy.2020.117203

Wicakso, D. R., & Budiman, A. 2017. Study of Catalytic Upgrading of Biomass Tars
using Indonesian Iron Ore, 020094. https://doi.org/10.1063/1.4978167

World Steel Association, 2019, Word Steel in Figures 2019, Westfield World Trade
Center, New York, USA

Zhang, T., Lei, C., & Zhu, Q. 2014. Reduction of fine iron ore via a two-step fluidized
bed direct reduction process. Powder Technology, 254, 1-11.
https://doi.org/10.1016/J.POWTEC.2014.01.004

Zhao, H., Li, Y., Song, Q., Lv, J., Shu, Y., Liang, X., Shu, X. 2016. Effects of Iron Ores
on the Pyrolysis Characteristics of a Low-Rank Bituminous Coal. Energy&Fuels,
30, 3831-3839

Zhao, H., Li, Y., Song, Q., Liu, S., Ma, Q., Ma, L., Shu, X. 2019. Catalytic reforming of
volatiles from co-pyrolysis of lignite blended with corn straw over three different
structures of iron ores, Journal of Analytical and Applied Pyrolysis. 144, 104714

Zhao, H., Li, Y., Song, Q, Liu, S., Ma, Ma, L., Shu, X. 2021. Catalytic reforming of
volatiles from co-pyrolysis of lignite blended with corn straw over three iron ores:
Effect of iron ore types on the product distribution, carbon-deposited iron ore
reactivity and its mechanism. Fuel, 286, 119398

Zhou, L., Enakonda, L. R., Li, S., Gary, D., Del-Gallo, P., Mennemann, C., & Basset, J.
M. 2018. Iron ore catalysts for methane decomposition to make COx free hydrogen
and carbon nano material. Journal of the Taiwan Institute of Chemical Engineers,
87, 54-63

91



geningkatan Kualitas Iron Ore atau Bijih Besi Dengan Proses Reduksi Langsung Menggunakan Tar
an
Biomassa Sebagai Agen Reduksi
ARIANY ZULKANIA, Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU.; Prof. Ir. Rochmadi, S.U., Ph.D., IPU.; Rochim Bak
(%JA[\]IDIJXEI R} S! l]TAI‘DSq_IUniversitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

, Hu, Z., Zhang, J., Li, J., Liu, Z. 2013. Direct reduction of iron ore by biomass
char. International Journal of Minerals, Metallurgy and Materials. 20(6), 514.

92



