STUDI SIFAT MEKANIS KOMPOSIT HIBRID EPOKSI/SERAT GELAS/CELLULOSE NANOFIBER
TAUFIK AZHARY, Ir. Kusmono, S.T., M.T., Ph.D., IPM.

Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR PUSTAKA

Abitbol, T., Rivkin, A., Cao, Y., Nevo, Y., Abraham, E., Ben-Shalom, T, . ..
Shoseyov, O. (2016). Nanocellulose, a tiny fiber with huge applications.
Current Opinion in Biotechnology, 76-88.

Abraham, E., Kam, D., Nevo, Y., Slattegard, R., Rivkin, A., Lapidot, S., &
Shoseyov, O. (2016). Highly Modified Cellulose Nanocrystals and
Formation of Epoxy-Nanocrystalline Cellulose (CNC) Nanocomposites.
ACS Applied Materials & Interfaces , 28086-28095.

Akbar, D. A. (2019). Tesis: Ekstraksi dan Karakterisasi Nanocrystalline Cellulose
(NCC) dari Serat Ramie Melalui Hidrolisis Asam Klorida. Yogyakarta,
Indonesia: Departemen Teknik Mesin dan Industri, Fakultas Teknik,
Universitas Gadjah Mada.

Ansari, F., Skrifvars, M., & Berglund, L. (2015). Nanostructured biocomposites
based on unsaturated polyester resin and a cellulose nanofiber network.

Composites Science and Technology, 298-306.

Asadi, A., Miller, M., Moon, R. J., & Kalaitzidou, K. (2016). Improving the
interfacial and mechanical properties of short glass fiber/epoxy composites
by coating the glass fibers with cellulose nanocrystals. eXPRESS Polymer
Letters, 587-597.

Asadi, A., Miller, M., Sultana, S., Moon, R. J.,, & Kalaitzidou, K. (2016).
Introducing cellulose nanocrystals in sheet molding compounds (SMC).
Composites: Part A, 206-215.

ASTM D 1895. (2010). Standard Test Methods for Apparent Density, Bulk Factor,
and Pourability of Plastic Materials. west Conshohocken, United States:

American Society for Testing and Materials.



UNIVERSITAS
GADJAH MADA

STUDI SIFAT MEKANIS KOMPOSIT HIBRID EPOKSI/SERAT GELAS/CELLULOSE NANOFIBER
TAUFIK AZHARY, Ir. Kusmono, S.T., M.T., Ph.D., IPM.

Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

ASTM D 2344. (2000). Standard Test method for Short-Beam Strength of Polymer

Matrix Composite Materials and Their Laminates. US: American Society

of Testing and Materials International.

ASTM D 5942-96. (1996). Standart Test Methods for Determine Charpy Impact

Strength of Plastic. US: American Society of Testing and Materials

International.

ASTM D 638. (2002). Standard Test Method for Tensile Properties of Plastics. US:

American Society of Testing and Materials International.

ASTM D 7264. (2007). Standard Test Method for Flexural Properties of Polymer

Matrix Composite Materials. US: American Society of Testing and

Materials International.

Behera, R. P., Rawat, P., Singh, K. K., Kumar, C., & Deep, A. (2018). Flexural and

Short beam shear strength analysis of symmetrical GFRP composites
reinforced with  MWCNTs having notches. Materials Science and

Engineering.

Borjesson, M., & Westman, G. (2015). Crystalline Nanocellulose - Preparation,

Modification, and Properties. Fundamental Aspects and Current Trends,
159-191.

Callister, W. (2007). Material Science and Engineering An Introduction. New

York, USA: John Wiley and Sons.

Campbell, F. C. (2010). Structural Composite Materials. USA: ASM International.

Chandrasekaran, V., Advani, S., & Santare, M. (2010). Role of processing on

interlaminar shear strength enhancement of epoxy/glass fiber/multi-walled

carbon nanotube hybrid composites. C arbon 48, 3692-2699.



UNIVERSITAS
GADJAH MADA

STUDI SIFAT MEKANIS KOMPOSIT HIBRID EPOKSI/SERAT GELAS/CELLULOSE NANOFIBER
TAUFIK AZHARY, Ir. Kusmono, S.T., M.T., Ph.D., IPM.

Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

Chirayil, C. J., Joya, J., Mathew, L., Koetz, J., & Thomas, S. (2014). Nanofibril

reinforced unsaturated polyester nanocomposites: Morphology, mechanical
and barrier properties, viscoelastic behavior and polymer chain
confinement. Industrial Crops and Products, 246-254.

Chirayil, C. J., Mathew, L., Hassan, P., Mozeticc, M., & Thomas, S. (2014).

Rheological behaviour of nanocellulose reinforced unsaturated
unsaturatedpolyester nanocomposites. International Journal of Biological

Macromolecules, 274-281.

Chow, W. S. (2007). Water absorption of epoxy/glass fiber/organo-montmorillonite

nanocomposites. Express Polymer Letters, 104-108.

Dagdag, O., Hanbali, G., Khalaf, B., Jodeh, S., Harfi, A. E., & Deghles, A. (2019).

Dual Component Polymeric Epoxy-Polyaminoamide Based Zinc Phosphate

Anticorrosive Formulation for 15CDV6 Steel. Coatings.

Datto, M. H. (1991). Mechanics of Fibrous Composites. England: Elsevier Science

Publisher LTD.

DiLoreto, E., Haque, E., Berman, A., Moon, R. J., & Kalaitzidou, K. (2019). Freeze

dried cellulose nanocrystal reinforced unsaturated polyester composites:
challenges and potential. Cellulose, 4391-4403.

Eesaee, M., & Shojaei, A. (2014). Effect of nanoclays on the mechanical properties

and durability of novolac phenolic resin/woven glass fiber composite at
various chemical environments. Composites Part A: Applied Science and
Manufacturing, 149-158.

Fahma, F., lwamoto, S., Hori, N., Iwata, T., & Takemura, A. (2010). Isolation,

preparation, and characterization of nanofibers from oil palm empty-fruit-
bunch (OPEFB). Cellulose 17, 977-985.

Fatriasari, W., Masruchin, N., & Hermiati, E. (2019). Selulosa Krakteristik dan

pemanfaatannya. Jakarta: LIPI Press.



STUDI SIFAT MEKANIS KOMPOSIT HIBRID EPOKSI/SERAT GELAS/CELLULOSE NANOFIBER
TAUFIK AZHARY, Ir. Kusmono, S.T., M.T., Ph.D., IPM.

Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Gabr, M. H., Elrahman, M. A., Okubo, K., & Fujii, T. (2010). A study on
mechanical properties of bacterial cellulose/epoxy reinforced by plain
woven carbon fiber modified with liquid rubber. Composites: Part A, 1263—
1271.

Gibson, R. F. (1994). Principles of Composites Material Mechanics. New York:
McGraw-Hill .

Habibi, Y., Lucia, L. A., & Rojas, O. J. (2010). Cellulose Nanocrystals: Chemistry,
Self-Assembly, and Applications. Chemical Reviews, 3479-3500.

Inkson, B. J. (2016). 2- Scanning electron microscopy (SEM) and transmission
electron microscopy (TEM) for materials characterization. Materials

Characterization Using Nondestructive Evaluation (NDE) Methods, 17-43.

Jaafar, C. A., Zainol, I., Ishak, N., llyas, R., & Sapuan, S. (2021). Effects of the
liquid natural rubber (LNR) on mechanical properties and microstructure of
epoxy/silica/kenaf hybrid composite for potential automotive applications.

journal of materials research and technology, 1026-1038.

Jeyakumar, R., Sampath, P. S., Ramamoorthi, R., & Ramakrishnan, T. (2017).
Structural, morphological and mechanical behaviour of glass fibre

reinforced epoxy nanoclay composites. Int J Adv Manuf Technol, 527-535.
Jones, R. M. (1975). Mechanics of composite materials. New York: McGraw-Hill.

Jones, R. M. (1999). Mechanics of Composite Matrials Second Edition.
Philadelphia: Taylor & Francis .

Jun, D., Guomin, Z., Mingzhu, P., Leilei, Z., Dagang, L., & Rui, Z. (2017).
Crystallization and mechanical properties of reinforced PHBV composites
using melt properties of glass fiber/epoxy composites . Carbohydrate
Polymers, 255-262.

Jung, J., & Sodano, H. A. (2020). High strength epoxy nanocomposites reinforced
by epoxy functionalized aramid nanofibers. Polymer, 122438.



UNIVERSITAS
GADJAH MADA

STUDI SIFAT MEKANIS KOMPOSIT HIBRID EPOKSI/SERAT GELAS/CELLULOSE NANOFIBER
TAUFIK AZHARY, Ir. Kusmono, S.T., M.T., Ph.D., IPM.

Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

Kargarzadeh, H., Mariano, M., Huang, J., Lin, N., Ahmad, I., Dufresne, A., &

Thomas, S. (2017). Recent developments on nanocellulose reinforced

polymer nanocomposites: A review. Polymer, 368-393.

Kargarzadeh, H., Sheltami, R. M., Ahmad, 1., Abdullah, 1., & Dufresne, A. (2015).

Cellulose nanocrystal reinforced liquid natural rubber toughened
unsaturated polyester: Effects of filler content and surface treatment on its
morphological, thermal, mechanical, and viscoelastic properties. Polymer,
51-59.

Kargarzadeh, H., Sheltami, R. M., Ahmad, I., Abdullah, I., & Dufresne, A. (2015).

Cellulose nanocrystal: A promising toughening agent for unsaturated
polyester nanocomposite. Polymer, 346-357.

Kaw, A. K. (1997). Mechanics of Composite Materials. Boca Raton: CRC Press.

Khalil, H. A., Davoudpoura, Y., Islam, M. N., Mustapha, A., Sudesh, K., Dungani,

R., & Jawaid, M. (2014). Production and modification of nanofibrillated
cellulose using various mechanical processes: A review. Carbohydrate
Polymers, 649-665.

Khan, A., Asiri, A. M., Jawaid, M., Saba, N., & Inamuddin. (2020). Effect of

cellulose nano fibers and nano clays on the mechanical, morphological,
thermal and dynamic mechanical performance of kenaf/epoxy composites.
Carbohydrate Polymers, 116248.

Kim, J.-K., & Mai, Y.-W. (1998). Engineered Interfaces in Fiber Reinforced

Composites. UK: Elsevier Sciences.

Kornmann, X., Rees, M., Thomann, Y., Necola, A., Barbezat, M., & Thomann, R.

(2005). Epoxy-layered silicate nanocomposites as matrix in glass fibre-

reinforced composites. Composites Science and Technology, 2259-2268.



UNIVERSITAS
GADJAH MADA

STUDI SIFAT MEKANIS KOMPOSIT HIBRID EPOKSI/SERAT GELAS/CELLULOSE NANOFIBER
TAUFIK AZHARY, Ir. Kusmono, S.T., M.T., Ph.D., IPM.

Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

Kumar, S., Falzon, B. G., Kun, J., Wilson, E., Graninger, G., & Hawkins, S. C.

(2020). High performance multiscale glass fibre epoxy composites
integrated with cellulose nanocrystals for advanced structural applications.
Composites Part A, 105801.

Kumar, S., Graninger, G., Hawkins, S. C., & Falzon, B. G. (2021). A nanostructured

cellulose-based interphase layer to enhance the mechanical performance of

glass fibre-reinforced polymer composites. Composites Part A, 106475.

Kusmono, & Ishak, Z. A. (2013). Effect of Clay Addition on Mechanical Properties

of Unsaturated Polyester/Glass Fiber Composites. International Journal of

Polymer Science, 7.

Kusmono, Hestiawan, H., & Jamasri. (2020). The water absorption, mechanical and

thermal properties of chemically treated woven fan palm reinforced
polyester composites. journal of materials research and technology, 4410-
4420.

Lavoratti, A., Scienzab, L. C., & Zattera, A. J. (2016). Dynamic-mechanical and

thermomechanical properties of cellulose cellulosenanofiber/polyester resin
composites. Carbohydrate Polymers, 955-963.

Lekubea, B. M., Hermannb, W., & Burgstallera, C. (2020). Partially compacted

polypropylene glass fiber non-woven composite: Influence of processing,
porosity and fiber length on mechanical properties and modeling.

Composites Part A, 105939.

Li, J., Wu, Z., Huang, C., & Li, L. (2014). Multiscale carbon nanotube-woven glass

fiber reinforced cyanate ester/epoxy composites for enhanced mechanical
and thermal properties. Composites Science and Technology, 81-88.

Li, R., Fei, J., Cai, Y., Li, Y., Feng, J., & Yao, J. (2009). Cellulose whiskers

extracted from mulberry: A novel biomass production. Carbohydrate
Polymers, 94-99.



UNIVERSITAS
GADJAH MADA

STUDI SIFAT MEKANIS KOMPOSIT HIBRID EPOKSI/SERAT GELAS/CELLULOSE NANOFIBER
TAUFIK AZHARY, Ir. Kusmono, S.T., M.T., Ph.D., IPM.

Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

Listyanda, R. F. (2020). Tesis: Ekstraksi dan Karakterisasi Nanocrystalline

Cellulose (NCC) dari Serat Rami melalui Hidrolisis Asam Sulfat.
Yogyakarta, Indonesia: Departemen Teknik Mesin dan Industri, Fakultas
Teknik, Universitas Gadjah Mada.

Liu, L., Jia, C., He, J., Zhao, F., Fan, D., Xing, L., ... Huang, Y. (2015). Interfacial

characterization, control and modification of carbon fiber reinforced

polymer composites. Composites Science and Technology, 56-72.

Mahato, K. K., Dutta, K., & Ray, B. C. (2019). Assessment of mechanical, thermal

and morphological behavior of nano-Al203 embedded glass fiber/epoxy

composites at in-situ elevated. Composites Part B, 688-700.

Manfredi, L., Santis, H. D., & Vazquez, A. (2008). Influence of the addition of

montmorillonite to the matrix of unidirectional glass fibre/epoxy
composites on their mechanical and water absorption properties.
Composites: Part A, 1726-1731.

Maradini, G. d., Oliveira, M. P., Guanaes, G. M., Passamani, G. Z., Carreira, L. G.,

Boschetti, W. T., . . . Oliveira, B. F. (2020). Characterization of Polyester
Nanocomposites Reinforced with Conifer Fiber Cellulose Nanocrystals.

polymers, 2838.

Mariatti, M., & Chum, P. K. (2005). Effect of laminate configuration on the

properties of glass fiber reinforced plastics (GFRPs) mixed composites.

Journal of Reinforced Plastics Composites, 1713-1721.

Matthews, F., & Rawlings, R. (1994). Composite Materials: Engineering and

Science. New York: chapman and Hall.

Moréan, J. I., Alvarez, V. A., Cyras, V. P., & Vazquez, A. (2008). Extraction of

cellulose and preparation of nanocellulose from sisal fibers . Cellulose 15,
149-159.



UNIVERSITAS
GADJAH MADA

STUDI SIFAT MEKANIS KOMPOSIT HIBRID EPOKSI/SERAT GELAS/CELLULOSE NANOFIBER
TAUFIK AZHARY, Ir. Kusmono, S.T., M.T., Ph.D., IPM.

Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

Nayak, B. A., Shubham, Prusty, R. K., & Ray, B. C. (2020). Effect of nanosilica

and nanoclay reinforcement on flexural and thermal properties of glass

fiber/epoxy composites. Materials Today: Proceedings, 5098-5102.

Neto, W. P. (2017). Morphological investigation of cellulose nanocrystals and

nanocomposite applications. France: Université Grenoble Alpes.

Neves, R. M., Jr, H. L., Zattera, A. J., & Amico, S. C. (2021). Recent studies on

modified cellulose/nanocellulose epoxy composites: A systematic review.
Carbohydrate Polymers, 117366.

Nissila, T., Hietala, M., & Oksmana, K. (2019). A method for preparing epoxy-

cellulose nanofiber composites with an oriented structure. Composites Part
A, 105515.

Ojeda, J. J., & Dittrich, M. (2012). Fourier Transform Infrared Spectroscopy for

Molecular Analysis of Microbial Cells. Microbial Systems Biology, 187-
211.

Omrani, A., Simon, L. C., & Rostami, A. A. (2008). Influences of cellulose

nanofiber on the epoxy network formation. Materials Science and
Engineering A, 131-137.

Pakaya, F. (2016). Tesis: Sintesis dan Karakterisasi Termoset Epoksi Termodifikasi

RTV (Room Temperature Vulcanization) Silicone Rubber dan Phthalic
Anhydride. Surabaya, Indonesia: Fakultas Teknologi Industri, Institut

Teknologi Sepuluh November.

Parveen, S., Pichandi, S., Goswami, P., & Rana, S. (2020). Novel glass fibre

reinforced hierarchical composites with improved interfacial, mechanical
and dynamic mechanical properties developed using cellulose

microcrystals. Materials and Design, 108448.



UNIVERSITAS
GADJAH MADA

STUDI SIFAT MEKANIS KOMPOSIT HIBRID EPOKSI/SERAT GELAS/CELLULOSE NANOFIBER
TAUFIK AZHARY, Ir. Kusmono, S.T., M.T., Ph.D., IPM.

Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

Peng, S. X., Shrestha, S., Yoo, Y., & Youngblood, J. P. (2017). Enhanced

dispersion and properties of a two-component epoxy nanocomposite using

surface modified cellulose nanocrystals. Polymer, 359-368.

Petrie, E. M. (2006). Epoxy Adhesive Formulations. United States of America:

McGRAW-HILL.

Phanthong, P., Reubroycharoen, P., Haod, X., Xu, G., Abudula, A., & Guan, G.

(2018). Nanocellulose: Extraction and application. Carbon Resources

Conversion, 32-43.

Rafig, A., Merah, N., Boukhili, R., & Al-Qadhi, M. (2017). Impact resistance of

hybrid glass fiber reinforced epoxy/nano claycomposite. Polymer Testing,
1-11.

Ramesh, A., Srinivasulu, N., & Rani, M. I. (2019). Development and evaluation of

water absorption, compression and impact properties of okra
Nanofibrillated cellulose reinforcement in epoxy resin composites.
Materials Today: Proceedings, 748-754.

Rathore, D. K., Prusty, R. K., Kumar, D. S., & Ray, B. C. (2016). Mechanical

performance of CNT-filled glass fiber/epoxy composite in in-situ elevated
temperature environments emphasizing the role of CNT. Composites: Part
A, 364-376.

Rosa, M. D., Medeiros, E. S., Malmonge, J. A., Gregorski, K., Wood, D. F.,

Mattoso, L., ... Imam, S. H. (2010). Cellulose nanowhiskers from coconut
husk fibers: Effect of preparation conditions on their thermal and

morphological behavior. Carbohydrate Polymers 81, 83-92.

Saba, N., Mohammad, F., Pervaiz, M., Jawaid, M., Alothman, O., & Sain, M.

(2017). Mechanical, morphological and structural properties of cellulose
nanofibers reinforced epoxy composites. International Journal of

Biological Macromolecules, 190-200.



UNIVERSITAS
GADJAH MADA

STUDI SIFAT MEKANIS KOMPOSIT HIBRID EPOKSI/SERAT GELAS/CELLULOSE NANOFIBER
TAUFIK AZHARY, Ir. Kusmono, S.T., M.T., Ph.D., IPM.

Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

Saba, N., Safwan, A., Sanyang, M., Mohammad, F., Pervaiz, M., Jawaid, M., . . .

Sain, M. (2017). Thermal and dynamic mechanical properties of cellulose
nanofibers reinforced epoxy composites. International Journal of
Biological Macromolecules, 822—-828.

Sakuri, S., Ariawan, D., & Surojo, E. (2019). Mechanical Properties Of

Microcrystalline Cellulose Filled Unsaturated Polyester Blend Composite

With Various Treatment. AIP Conference Proceedings.

Sarr, M. M., Inoue, H., & Kosaka, T. (2021). Study on the improvement of

interfacial strength between glass fiber and matrix resin by grafting

cellulose nanofibers. Composites Science and Technology, 108853.

Schwartz, M. (1984). Composite materials Handbook. New York : Mc Graw - Hill

Book.

Shah, D. U., Schubel, P. J., Licence, P., & Clifford, M. J. (2012). Determining the

minimum, critical and maximum fibre content for twisted yarn reinforced

plant fibre composites. Composites Science and Technology, 1909-1917.

Silvia, B. M., Marian, B., Dumitru, D., Murarescu, M., & Gabriel, A. (2015).

Mechanichal Properties of Polyester/Nanocellulose and
Polyester/Microcellulose Determined By Three Point Bending Test.
Proceedings of the World Congress on New Technologies (NewTech 2015)
, (p. 347). Barcelona.

Singh, K., Nanda, T., & Mehta, R. (2017). Addition of nanoclay and compatibilized

EPDM rubber for improved impact strength of epoxy glass fiber
composites. Composites: Part A, 263-271.

Sukarja, H. (2012). Tesis: Studi Sifat Mekanisk Komposit Hibrid Epoksi/Clay/Serat

Gelas. Yogyakarta,indonesia: Departemen Teknik Mesin dan Industri,
Fakultas Teknik, Universitas Gadjah Mada.



UNIVERSITAS
GADJAH MADA

STUDI SIFAT MEKANIS KOMPOSIT HIBRID EPOKSI/SERAT GELAS/CELLULOSE NANOFIBER
TAUFIK AZHARY, Ir. Kusmono, S.T., M.T., Ph.D., IPM.

Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

Sulistyo, D. T. (2016). Pembuatan Produk dan Moulding Bumber Belakang Mobil

Kijang Inova (V-2005) Berbahan Dasar Serat Gelas. Yogyakarta,
Indonesia: Politeknik Muhammadiyah Yogyakarta.

Supian, M. A., Amin, K. N., Jamari, S. S., & Mohamad, S. (2020). Production of

cellulose nanofiber (CNF) from empty fruit bunch (EFB) via mechanical

method. Journal of Environmental Chemical Engineering, 103024.

Tka, N., Jabli, M., Saleh, T. A., & Salman, G. A. (2018). Amines modified fibers

obtained from natural Populus tremula and their rapid biosorption of Acid
Blue 25. Journal of Molecular Liquids, 423-432.

Trache, D., Hussin, M. H., Haafiz, M. K., & Thakur, V. K. (2017). Recent progress

in cellulose nanocrystals: sources and production. Nanoscale, 1763-1786.

Turla, P., Kumar, S. S., Reddy, P. H., & Shekar, K. C. (2014). Interlaminar Shear

Strength of Carbon Fiber and Glass Fiber Reinforced Epoxy Matrix Hybrid
Composite. IJREAT International Journal of Research in Engineering &

Advanced Technology, 2.

Vaggar, G. B., Kamate, S., & Badyankal, P. V. (2021). A study on thermal

conductivity enhancement of silicon carbide filler glass fiber epoxy resin

hybrid composites. Materials Today: Proceedings, 330-334.

Vu, C. M., Nguyen, D. D., Sinh, L. H., Pham, T. D., Pham, L. T., & Choi, H. J.

(2017). Environmentally benign green composites based on epoxy
resin/bacterial cellulose reinforced glass fiber: Fabrication and mechanical

characteristics. Polymer Testing, 150-161.

Xu, S., Girouard, N., Schueneman, G., Shofner, M. L., & Meredith, J. C. (2013).

Mechanical and thermal properties of waterborne epoxy composites

containing cellulose nanocrystals. Polymer, 6589-6598.



UNIVERSITAS
GADJAH MADA

STUDI SIFAT MEKANIS KOMPOSIT HIBRID EPOKSI/SERAT GELAS/CELLULOSE NANOFIBER
TAUFIK AZHARY, Ir. Kusmono, S.T., M.T., Ph.D., IPM.

Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

Yue, L., Maiorana, A., Khelifa, F., Patel, A., Raquez, J.-M., Bonnaud, L., . . .

Manas-Zloczower, 1. (2018). Surface-modified cellulose nanocrystals for

biobased epoxy nanocomposites. Polymer, 155-162.

Zaghloul, M. M., Mohamed, Y. S., & El-Gamal, H. (2018). Fatigue and tensile

behaviors of fiber-reinforced thermosetting composites embedded with

nanoparticles. Journal of Composite Materials, 709-718.

Zaihan, J., Rafeadah, R., Nasir, M. A., Hashim, W. S., & Ishak, A. (2018). A high

strength green nanocomposites based on wood veneer nanocrystalline
cellulose and epoxy resin polymer. Materials Science and Engineering,
012007.

Zhang, Y., Song, P., Fu, S., & Chen, F. (2015). Morphological structure and

mechanical properties of epoxy/polysulfone/cellulose nanofiber ternary

nanocomposites. Composites Science and Technology, 66-71.

Zhao, J., Li, Q., Zhang, X., Xiao, M., Zhang, W., & Lu, C. (2017). Grafting of

polyethylenimine onto cellulose nanofibers for interfacial enhancement in

their epoxy nanocomposites. Carbohydrate Polymers, 1419-1425.

Zulfli, N. H., & Shyang, C. W. (2010). Flexural and Morphological Properties of

Epoxy/Glass Fibre/Silane-Treated Organo-montmorillonite Composites .

Journal of Physical Science, 41-50.

Zulkarnaen, 1. A. (2012). Studi Sifat Mekanis Komposit Hibrid Epoksi/Clay/Serat

Karbon. Yogyakarta, Indonesia: Departemen Teknik Mesin dan Industri,
Fakultas Teknik, Universitas Gadjah Mada.



	HALAMAN JUDUL
	LEMBAR PENGESAHAN 
	PERNYATAAN BEBAS PLAGIASI
	KATA PENGANTAR
	UCAPAN TERIMA KASIH
	DAFTAR ISI
	DAFTAR GAMBAR
	DAFTAR TABEL
	DAFTAR NOTASI
	DAFTAR SINGKATAN
	DAFTAR LAMPIRAN
	INTISARI
	ABSTRACT
	BAB I PENDAHULUAN
	1.1 Latar Belakang
	1.2 Rumusan Masalah
	1.3 Tujuan Penelitian
	1.4 Batasan Masalah
	1.5 Manfaat Penelitian

	BAB II TINJAUAN PUSTAKA
	BAB III LANDASAN TEORI
	3.1 Selulosa
	3.2 Nanoselulosa
	3.3 Klasifikasi Nanoselulosa
	3.3.1 Cellulose Nanofiber (CNF)
	3.3.2 Nanocrystalline Cellulose (NCC)
	3.3.3 Bacterial Nanocellulose (BNC)

	3.4 Metode Ekstraksi Nanoselulosa
	3.4.1 Proses Pemurnian Selulosa
	3.4.2 Proses Ekstraksi Selulosa
	3.4.2.1 Hidrolisis Asam
	3.4.2.2 Perlakuan Mekanis
	3.4.2.3 Metode Oksidasi
	3.4.2.4 Hidrolisis Enzimatik


	3.5 Polimer
	3.5.1 Polimer Berdasarkan Asal
	3.5.2 Polimer Berdasarkan Struktur Rantai
	3.5.3 Polimer Berdasarkan Jenis Monomer
	3.5.4 Polimer Berdasarkan Reaksi Polimerisasi
	3.5.5 Polimer Berdasarkan Sifat Termal

	3.6 Epoksi dan Hardener
	3.7 Serat Gelas
	3.8 Komposit
	3.8.1 Klasifikasi Material Komposit
	3.8.2 Faktor yang Mempengaruhi Performa Komposit

	3.9 Ikatan Antarmuka Serat dan Matriks
	3.10 Sifat Mekanis Komposit
	3.10.1 Sifat Tarik Komposit
	3.10.2 Sifat Bending Komposit
	3.10.3 Sifat Impak Komposit
	3.10.4 Densitas Komposit
	3.10.5 Porositas Komposit
	3.10.6 Short Beam Shear Strength (SBSS) Komposit

	3.11 Karakterisasi Komposit Hibrid Epoksi/Serat Gelas/CNF
	3.11.1 Fourier Transform Infrared (FTIR) Spectroscopy
	3.11.2 Scanning Electron Microscope (SEM)
	3.11.3 Energy Dispersive X-Ray Spectroscopy (EDS)


	BAB IV METODE PENELITIAN
	4.1 Bahan Penelitian
	4.2 Alat Penelitian
	4.3 Komposisi Bahan Penelitian
	4.4 Diagram Alir Penelitian
	4.5 Prosedur Penelitian
	4.6 Pengujian Mekanis
	4.6.1 Pengujian Tarik
	4.6.2 Pengujian Bending
	4.6.3 Pengujian Impak
	4.6.4 Pengujian Densitas
	4.6.5 Porositas
	4.6.6 Pengujian Short Beam Shear Strength

	4.7 Karakterisasi
	4.7.1 Fourier Transform Infrared (FTIR) Spectroscopy
	4.7.2 Scanning Electron Microscope (SEM)
	4.7.3 Energy Dispersive X-Ray Spectroscopy (EDS)

	4.8 Waktu dan Tempat Penelitian
	4.9 Variabel Penelitian

	BAB V HASIL DAN PEMBAHASAN
	5.1 Densitas
	5.2 Porositas
	5.3 Fourier Transform Infrared (FTIR) Spectroscopy
	5.4 Sifat Tarik
	5.4.1 Kekuatan Tarik
	5.4.2 Regangan Tarik
	5.4.3 Modulus Elastisitas

	5.5 Sifat Bending
	5.5.1 Kekuatan Bending
	5.5.2 Modulus Elastisitas Bending

	5.6 Ketangguhan Impak
	5.7 Interlaminar Shear Strength (ILSS)
	5.8 Photo Scanning Electron Microscope (SEM)
	5.9 Energy Dispersive X-Ray Spectroscopy (EDS)

	BAB VI PENUTUP
	6.1 Kesimpulan
	6.2 Saran

	DAFTAR PUSTAKA

