
35 
 

 
 

DAFTAR PUSTAKA 

Abdel-Ghani, N.T. and El-Chaghaby, G.A., 2014, Biosorption for Metal Ions 
Removal from Aqueous Solutions: A Review of Recent Studies, Int. J 
Latest. Res. Sci.Technol., 3(1), 24-42. 

Adamson, A.W., 1990, Physical Chemistry of Surface, 4th Edition, Willey, New 
York. 

Ahmann, D. dan Dorgan, J.R., 2007, Bioengineering for Pollution Prevention 
trough Development of Biobased Energy and Materials State of the 
Science Report, EPA/600/R-07/028, 76-78. 

Alberty, R.A. and F. Daniel, 1987, Physichal Chemistry, 5th ed., SI Version, John 
Wiley & Sons, Inc., Belmont, California. 

Anonim, 2009, Batas Maksimum Cemaran Logam Berat dalam Pangan, Badan 
Standar Nasional, SNI 7387-2009. 

Atkins, P. and de Paula, J., 2006, Physical Chemistry, Oxford University Press, 
Oxford. 

Atkins, P.W., 1999, Physical Chemistry, 8th Ed., W.H. Freeman and Company, New 
York. 

Billmeyer,F.W.Jr., 1984, Text Book of Polymer Science, Third Edition, A  Wiley 
Inter Science Publication, Singapore. 

Braun, D., 2002, Recycling of PVC, Prog. Polym. Sci., 27, 2171-2195. 

Browne, M.A., Crump, P., Niven, S.J., Teuten, E., Tonkin, A., Galloway, T. and 
Thompson, R., 2011, Accumulation of Microplastic on Shorelines 
Wordwide: Sources and Sinks., Environ. Sci. Technol., 45(21), 9175-9179. 

Castellan, G.W., 1982, Physical Chemistry, 3rd Ed, General Graphic Services, New 
York. 

Chia, C. H., Sigh, B. P., Joseph, S., Graber, E. R. and Munroe, P., 2014, 
Characterization of an Enriched Biochar, J. Anal. Appl. Pyrolisis., 108, 26-
34. 

Claus, Edward P., Varro E.T and Lynn R.B., 1970, Pharmacognosy, 6th ed, Lea & 
Febiger, Philadelphia. 

Cowd, M.A., 1991, Kimia Polimer, Penerbit ITB, Bandung. 

PREPARASI KOMPOSIT ARANG-Fe3O4 DARI POLIVINIL KLORIDA DENGAN METODE KARBONISASI
HIDROTERMAL DAN
PIROLISIS SERTA UJI ADSORPSINYA TERHADAP ION Cd(II)
SAFIRA FATWA WASKITA, Dr. Agus Kuncaka, DEA ; Prof. Dr. Mudasir, M.Eng., Ph.D
Universitas Gadjah Mada, 2017 | Diunduh dari http://etd.repository.ugm.ac.id/



36 
 

 
 

Djaprie, S., 1994, Ilmu dan Teknologi Bahan, Erlangga, Jakarta. 

Elaigwu, S.E., Rocher, V., Kyriakou, G. and Greenway, G.M., 2014, Removal of 
Pb2+ and Cd2+ from Aqueous Solution Using Chars from Pyrolysis and 
Microwave-Assisted Hydrothermal Carbonization of Prosopis Africana 
Shell, J. Jiec., 20, 3467–3473. 

Farhan A. M., Al-Dujaili, A.H. and Awwad A.M., 2013, Equilibrium and Kinetic 
Studies of Cadmium(II) and Lead(II) Ions Biosorption onto Ficus Carcia 
Leaves, Int. J. Ind. Chem., 4, 24.   

Ferrero, F., Tonetti, C. and Monica, P., 2014, Adsorption of Chromate and Curpic 
Ions onto Chitosan-coated Cotton Gauze, J. Carbo. Poly., 110, 367-373. 

Flora, S.J.S., Mittal, M. and Mehta, A., 2008, Heavy Metal Induced Oxidative 
Stress % Its Possible Reversal by Chelation Therapy, Indian J. Med. Res., 
128, 502. 

Font, R., Gálvez, A., Moltó, J., Fullana, A. and Aracil, I., 2010, Formation of 
Polychlorinated Compounds in The Combustion of PVC with Iron 
Nanoparticles, Chemosphere, 78, 152–159. 

Frohlich, E., Samberger, C., Kueznik, T., Absenger, M., Roblegg, E., Zimmer, A. and 
Pieber, T.R., 2009, Cytotoxicity of Nanoparticles Independent from 
Oxidative Stress, J. Toxicol. Sci., 34, 363-375. 

Fuertes, A.B., Arbestain, M.C., Sevilla, M., Macia-Agullo, J.A., Fiol, S., Lopez, R., 
Smernik, R.J., Aitkenhead, W.P., Arce, F. and Macias, F., 2010, Chemical 
and Structural Properties of Carbonaceous Products Obtained by Pyrolysis 
and Hydrothermal Carbonisation of Corn Stover, Aust. J. Soil. Res., 48, 
618–626. 

Garlapalli, R.K., Wirth, B. and Reza, M.T., 2016, Pyrolysis of Hydrochar From 
Digestate: Effect of Hydrothermal Carbonization and Pyrolysis 
Temperatures on Pyrochar Formation, J. Biotech.,  220, 168–174. 

Geiser, M., Rothen-Ratishauser, B., Kapp, N., Schurah, S., Kreyling, W., Schulz, H., 
Semmler, M., Holf, V., Heyder, J. and Gehr, P., 2005, Ultrafine Particles 
Cross Cellular Membrane by Nanophagocytic Mechanism in Lungs and in 
Cultured Cells, Environ. Health Perspect., 113(11), 1555-1560. 

Goh, K.H., Lim, T.T. and Dong, Z., 2008, Application of Layered Double Hydroxides 
for Removal of Oxyanions: a Review,Water Res., 42, 1343–1368. 

Harper, C.A., 1999, Modern Plastics Handbook, McGraw-Hill, New York. 

PREPARASI KOMPOSIT ARANG-Fe3O4 DARI POLIVINIL KLORIDA DENGAN METODE KARBONISASI
HIDROTERMAL DAN
PIROLISIS SERTA UJI ADSORPSINYA TERHADAP ION Cd(II)
SAFIRA FATWA WASKITA, Dr. Agus Kuncaka, DEA ; Prof. Dr. Mudasir, M.Eng., Ph.D
Universitas Gadjah Mada, 2017 | Diunduh dari http://etd.repository.ugm.ac.id/



37 
 

 
 

Haryoto dan Wibowo, A., 2004, Kinetika Bioakumulasi Logam Berat Kadmium 
oleh Fitoplankton Chlorella sp Lingkungan Penelitian Laut, Jurnal 
Penelitian Sains & Teknologi, 5(2), 89-103. 

Ho, Y.S. and McKay, G., 1999, Pseudo-Second Order Model for Sorption 
Processes, Process Biochem., 34, 451-465. 

Ho, Y.S., 2004, Citation Review of Lagergreen Kinetic Rate Equation on 
Adsorption Reactions, Scientometrics, 59(1), 171-177. 

House, J.E., 2007, Principles of Chemical Kinetics, 2nd Ed., Academic Press, New 
York. 

Hussain, N., Jaitley, V. and Frorence, A.T., 2001, Recent Advances in The 
Understanding of Uptake of Microparticulates Acros the Gastrointestinal 
Lymphatics, Adv Drug. Deliv. Rev., 50, 107-142. 

Jamari, S.S. and Howse, J.R., 2012, The Effect of The Hydrothermal Carbonization 
Process on Palm Oil Empty Fruit Bunch, Biomass Bioenergy., 47, 82-90. 

Jellali, S., Wahab, M.A., Hassine, R.B., Hamzaoui, A.H. and Bousselmi L., 2011, 
Adsorption Characteristics of Phosphorus from Aqueous Solutions onto 
Phosphate Mine Wastes, Chem. Eng. J., 169, 157-165. 

Jindo, K., Mizumoto, H., Sawada, Y., Sanchez-Monodero, M. A. and Sonoki, T., 
2014, Physical and Chemical Characterization of Biochar Derived from 
Different Agricultural Residues, Biogeosciences, 11, 6613-6621. 

Kabyemela, B.M., Adschiri, T., Malaluan, R.M. and Arai, K., 1998, Glucose and 
Fructose Decomposition in Subcritical and Supercritical Water: Detailed 
Reaction Pathway, Mechanisms, and Kinetics, Ind. Eng. Chem. Res., 38, 
2888–2895. 

Kim, W.K., Shim, T., Kim, Y.S., Hyun, S., Ryu, C., Park, Y.K. and Jung, J., 2013, 
Characterization of Cadmium Removal from Aqueous Solution by Biochar 
Produced from a Giant Miscanthus at Different Pyrolytic Temperatures, 
Bioresour. Technol., 138, 266–270. 

Kubatova, A., Lagadec, A.J.M. and  Hawthorne S.B., 2002, Dechlorination of 
Lindane, Dieldrin, Tetrachloroethane, Trichloroethene, and PVC in 
Subcritical Water, Environ. Sci. Technol., 36, 1337-1343. 

Kuhlmann, B., Arnett, E.M. and  Siskin, M., 1994, Classical Organic Reactions in 
Pure Superheated, Water. J. Org. Chem, 59, 3098–3101. 

PREPARASI KOMPOSIT ARANG-Fe3O4 DARI POLIVINIL KLORIDA DENGAN METODE KARBONISASI
HIDROTERMAL DAN
PIROLISIS SERTA UJI ADSORPSINYA TERHADAP ION Cd(II)
SAFIRA FATWA WASKITA, Dr. Agus Kuncaka, DEA ; Prof. Dr. Mudasir, M.Eng., Ph.D
Universitas Gadjah Mada, 2017 | Diunduh dari http://etd.repository.ugm.ac.id/



38 
 

 
 

Lebreton, L.C.M., Greer, S. and Borneo, J.C., 2012, Numerical Modelling of 
Floating Debris in The World’s Oceans, J. Marpolbul., 64(3), 653-661. 

Libra, J.A., Ro, K.S., Kamman, C., Funke, A., Berge, N.C., Neubauer, Y., Titirici, M-
M., Fuhner, C., Bens, O., Kern, J. and Emmerich, K.H., 2011, Hydrothermal 
Carbonization of Biomass Residuals: A Comparative Review of the 
Chemistry, Processes and Aplications of Wet and Dry Pyrolysis, Biofuels, 
2, 89-124. 

Liu, A., Ren, F., Lin, W.Y. and  Wang, J.Y., 2015, A Review of Municipal Solid 
Waste Environmental Standards with a Focus on Incinerator Residues, Int. 
J. Sust. Built Environ., 4, 165-188. 

Liu, Z., and Zhang, F., 2009, Removal of Lead from Water Using Biochars 
Prepared from Hydrothermal Liquefaction of Biomass, J. Hazard. Mater., 
167, 933–939. 

Liu, Z., Zhang, F. S. and Wu, J., 2010, Characterization and Application of Chars 
Produced from Pinewood Pyrolysis and Hydrothermal Treatment, Fuel, 
89(2), 510-514. 

Lopez, A., de Marco, I., Caballero, B.M., Laresgoiti, M.F. and Adrados, A., 2011, 
Dechlorination of Fuels in Pyrolysis of PVC Containing Plastic Wastes, Fuel 
Process. Technol., 92, 253–260. 

Lowel, S., Shields, J.E., 1984, Powder Surface Area and Porosity, 2nd Ed., 
Quantachrome Corporation, USA. 

Lynam, M.M., Kilduf, J.E. and Weber, J., W.J., 1995, Adsorption of p-Nitrophenol 
from Dilute Aqueous Solution, J. Chem. Edu., 72, 1, 80-84. 

Malghani, S., Gleixner, G. and Trumbore, S.E., 2013, Chars Produce by Slow 
Pyrolisis and Hydrothermal Carbonization Vary in Carbon Sequestration 
Potential and Greenhouse Gases Emissions, Soil Boil. Biochem., 62, 137-
146. 

McKay, G., 2002, Dioxin Characterisation, Formation and Minimisation during 
Municipal Solid Waste (MSW) Incineration, Chem. Engn. J., 86, 343–368. 

Mohan, D. and Singh, K.P., 2002, Single and Multi-Component Adsorption of 
Cadmium and Zinc Using Activated Carbon Derived from Bagasse an 
Agricultural Waste, Water Res., 36, 2304-2318. 

Mohan, D., Sarswat, A., Ok, Y.S. and Pittman, C.U., 2014, Organic and Inorganic 
Contaminations Removal from Water with Biochar, a Renewable, Low 

PREPARASI KOMPOSIT ARANG-Fe3O4 DARI POLIVINIL KLORIDA DENGAN METODE KARBONISASI
HIDROTERMAL DAN
PIROLISIS SERTA UJI ADSORPSINYA TERHADAP ION Cd(II)
SAFIRA FATWA WASKITA, Dr. Agus Kuncaka, DEA ; Prof. Dr. Mudasir, M.Eng., Ph.D
Universitas Gadjah Mada, 2017 | Diunduh dari http://etd.repository.ugm.ac.id/



39 
 

 
 

Cost and Sustainable Adsorbent- a Critical Review, J. Biotech., 160(5), 
191-202. 

Muslem, 2017, Karbonisasi Polivinil Klorida dan Preparasi Komposit Arang-Fe3O4 

Sebagai Adsorben Co(II) dengan Metode hidrotermal dan Hidrotermal-
Pirolisis, Tesis, Departemen Kimia FMIPA UGM, Yogyakarta. 

Nagai, Y., Smith, R.L., Inomata, H. and Arai, K., 2007, Direct Observation of 
Polyvinyl Chloride Degradation in Water at Temperatures Up to 500 oC 
and at Pressures Up to 700 Mpa, J. Appl. Polym. Sci., 106, 1075–1086. 

Narsito, Nuryono dan Suyanta, 2004, Kinetika Adsorpsi Zn (II) dan Cd (II) pada 
Silika Gel Termodifikasi Hasil Pengolahan Abu Sekam Padi, Laporan Hasil 
Penelitian Ilmu Dasar, November 2004, Lembaga Penelitian Universitas 
Gadjah Mada, Yogyakarta. 

Oscik, J., 1982, Adsorption, Ellis Horwood Limited, Chichester. 

Payne, K.B. and Abdel-Fattah, T.M., 2004, Adsorpstion of Divalent Lead Ions By 
Zeolites and Activated Carbon: Effects of pH, Temperature, and Ionic 
Strength,  J. Environ Sci Health., 39, 2275-2291. 

Poerschmann, J., Weiner, B., Woszidlo, S., Koehler, R. and  Kopinke, F.D., 2015, 
Hydrothermal Carbonization of Poly(vinyl Chloride), Chemosphere, 119, 
682-689. 

Powell, K.J., Brown, P.L., Byrne, R.H., Gadja, T., Hefter, G., Leuz, A.K., Sjoberg, S. 
and Wanner H., 2011, Chemical Speciation of Enviromentally Significant 
Metals with Inorganic Ligands. Part 4: The Cd2+, OH-, Cl-, CO3

2-, SO4
2-, and 

PO4
3- Systems (IUPAC Technical Report), Pure Appl. Hem., 79(5), 895-950. 

Qiu, H., Lv, L., Pan, B.C., Zhang, Q.J., Zhang, W.M. and Zhang, Q.X., 2009, Critical 
Review in Adsorption Kinetic Model, J. Zhejiang. Univ. Sci. A., 10(6), 716-
724. 

Schwartz, M.M., 1984, Composite Material Handbook, Mc Graw Hill, Singapore. 

Sevilla, M. and Fuertes, A. B., 2009, The Production of Carbon Materials by 
Hydrothermal Carbonization of Cellulose, Carbon, 47,2281-2289. 

Sevilla, M., Macia-Agullo, J.A. and Fuertes, A.B., 2011, Hydrothermal 
Carbonization of Biomass as a Route for The Sequestration of CO2: 
Chemical and Structural Properties of The Carbonized Products, Biomass 
Bioenergi, 35, 3152–3159. 

PREPARASI KOMPOSIT ARANG-Fe3O4 DARI POLIVINIL KLORIDA DENGAN METODE KARBONISASI
HIDROTERMAL DAN
PIROLISIS SERTA UJI ADSORPSINYA TERHADAP ION Cd(II)
SAFIRA FATWA WASKITA, Dr. Agus Kuncaka, DEA ; Prof. Dr. Mudasir, M.Eng., Ph.D
Universitas Gadjah Mada, 2017 | Diunduh dari http://etd.repository.ugm.ac.id/



40 
 

 
 

Shen, Y., Yu, S., Ge, S., Chen, X., Ge, X. and Chen, M., 2017, Hydrothermal 
Carbonization of Medical Waste and Lignosellulosic Biomass for Solid Fuel 
Production from Lab-scale to Pilot-scale, Energy, 118, 218-323. 

Sheth, P.N. and Babu, B.V., 2008, Differential Evolution Approach for Obtaining 
Kinetic Parameters in Non Isothermal Pyrolysis of Biomass, Mater. Manuf. 
Processes, 24, 1-6. 

Stumm, W. and Morgan, J.J., 1981, Aquatic Chemistry, John Wiley and Sons Inc, 
New York. 

Sud, D., Mahajan, G. and Kaur, M.P., 2008, Agricultural Waste Material as 
Potential Adsorbent for Sequestering Heavy Metal Ions from Aqueous 
Solutions e a review. Bioresour Technol., 99, 6017-6027. 

Sun, K., Tang, J., Gong, Y., Zhang, H., 2015, Characterization of Potassium 
Hydroxide (KOH) Modified Hydrochars from Different Feedstocks for 
Enhanced Removal of Heavy Metals from Water, Environ. Sci. Pollut. Res., 
22 (21), 1–12. 

Takeshita, Y., Kato, K., Takahashi, K., Sato, Y. and Nishi, S., 2004, Basic Study on 
Treatment of Waste Polyvinyl Chloride Plastics by Hydrothermal 
Decomposition in Subcritical and Supercritical Regions, J. Supercrit. Fluid., 
31, 185-193. 

Taylor, J., DeWoskin, R. and Ennever, F.K., 1999, Toxycological Profile for 
Cadmium Agency for Toxic Subtances and Disease Registry, Federal 
Register Publ, Georgia. 

Trianna, N.W. dan Rochimoellah, M., 2002, Model Kinetika Reaksi Heterogen 
Pada Pirolisis, Prosiding Rekayasa Kimia dan Proses, 24-25 Juli 2002, 
Semarang. 

Tu, Y., Peng, Z., Xu, P., Lin, H., Wu, X., Yang, L. and Huang, J., 2017, 
Characterization and Application of Magnetic Biochars from Corn Stalk by 
Pyrolisys and Hydrothermal Treatment, Bioresources, 12(1), 1077-1089. 

Waalkes, M.P., 2000, Cadmium Carcinogenesis in Review, J. Inorg. Biochem., 79 
(1), 241-244. 

Wang, Y., Sun, H., Ang, H.M., Tade, M.O. and Wang, S., 2014, Magnetic 
Fe3O4/Carbon Sphere/Cobalt Composites for Catalytic Oxidation of 
Phenol Solution with Sulfate Radicals, Chem. Eng. J., 245,1-9. 

PREPARASI KOMPOSIT ARANG-Fe3O4 DARI POLIVINIL KLORIDA DENGAN METODE KARBONISASI
HIDROTERMAL DAN
PIROLISIS SERTA UJI ADSORPSINYA TERHADAP ION Cd(II)
SAFIRA FATWA WASKITA, Dr. Agus Kuncaka, DEA ; Prof. Dr. Mudasir, M.Eng., Ph.D
Universitas Gadjah Mada, 2017 | Diunduh dari http://etd.repository.ugm.ac.id/



41 
 

 
 

Welden, N.A.C. and Lusher, A., 2017, Impacs of Changing Ocean Circulation on 
The Distribution of Marine Microplastic Litter, Integr. Environ. Assess. 
Manag., 13(3), 483. 

Xue, Y., Gao, B., Yao, Y., Inyang, M., Zhang, M., Zimmerman, A.R. and Ro, S.K., 
2012, Hydrogen Peroxide Modification Enhances The Ability of Biochar 
(Hydrochar) Produced from Hydrothermal Carbonization of Peanut Hull to 
Remove Aqueous Heavy Metals: Batch and Column Tests, Chem. Eng. J., 
200–202, 673–680. 

Yoshimura, M. and Byrappa, K., 2008, Hydrothermal Processing of Materials: 
Past, Present and Future, J. Mater. Sci., 48, 2085-2103. 

Yu, J., Sun, L., Ma, C., Qiao, Y. and Yao, H., 2016, Thermal Degradation of PVC: A 
Review, J. Wasman., 48, 300-314. 

Zhaou, P., Li, Z., Li, T., Yan, W. and Ge, S., 2017, The Study of Nickel Effect on The 
Hydrothermal Dechlorination of PVC, J. Clepro., 152, 38-46. 

Zhu, K., Fu, H., Zhan, J., Lv, X., Tang, J. and Xu, X., 2012, Studies on Removal of 
NH4-N from Aqueous Solution by Using The Activated Carbons Derived 
from Rice Husk, Biomass Energy., 43, 18-25. 

 

 

 

 

  

  

 

 

 

 

 

 

PREPARASI KOMPOSIT ARANG-Fe3O4 DARI POLIVINIL KLORIDA DENGAN METODE KARBONISASI
HIDROTERMAL DAN
PIROLISIS SERTA UJI ADSORPSINYA TERHADAP ION Cd(II)
SAFIRA FATWA WASKITA, Dr. Agus Kuncaka, DEA ; Prof. Dr. Mudasir, M.Eng., Ph.D
Universitas Gadjah Mada, 2017 | Diunduh dari http://etd.repository.ugm.ac.id/


	HALAMAN JUDUL

	HALAMAN PENGESAHAN

	PERNYATAAN

	HALAMAN PERSEMBAHAN
	PRAKATA
	DAFTAR ISI
	DAFTAR GAMBAR
	DAFTAR TABEL
	DAFTAR LAMPIRAN
	INTISARI
	ABSTRACT
	BAB I  

	PENDAHULUAN
	I.1 Latar Belakang
	I.2 Tujuan Penelitian
	I.3 Manfaat Penelitian


	BAB II
	TINJAUAN PUSTAKA DAN PERUMUSAN HIPOTESIS
	II.1 Tinjauan Pustaka
	II.1.1 Polivinil klorida (PVC)
	II.1.2 Karbonisasi
	II.1.3 Komposit arang-Fe3O4
	II.1.4 Logam kadmium (Cd)
	II.1.4 Adsorpsi

	II.2 Perumusan Hipotesis dan Rancangan Penelitian
	II.2.1 Perumusan hipotesis 1
	II.2.2 Perumusan hipotesis 2
	II.2.3 Perumusan hipotesis 3
	II.2.4 Rancangan penelitian



	BAB III
	METODE PENELITIAN
	III.1 Bahan penelitian
	III.2 Alat penelitian
	III.3 Prosedur penelitian
	III.3.1 Karbonisasi PVC
	III.3.2 Karakterisasi komposit arang-Fe3O4 hasil penelitian
	III.3.3 Pembuatan larutan induk Cd(II)
	III.3.4 Studi adsorpsi Cd(II) pada adsorben komposit arang-Fe3O4



	BAB IV
	PEMBAHASAN
	IV.1 Preparasi Komposit Arang-Fe3O4
	IV.2 Karakterisasi Komposit Arang-Fe3O4
	IV.2.1 Karakterisasi dengan FT-IR
	IV.2.2 Karakterisasi dengan XRD
	IV.2.3 Karakterisasi dengan TEM
	Gambar IV. 5 Grafik persamaan BET

	IV.3 Studi Adsorpsi Cd(II)
	IV.3.1 Pengaruh variasi massa adsorben terhadap adsorpsi ion Cd(II)
	IV.3.2 Pengaruh waktu kontak terhadap adsorpsi ion Cd(II)
	IV.3.3 Pengaruh konsentrasi awal adsorbat terhadap adsorpsi ion Cd(II)



	BAB V
	KESIMPULAN DAN SARAN
	V.1 Kesimpulan
	V.2 Saran


	DAFTAR PUSTAKA

