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Extended Abstract

The interest of the magnetic nanoparticles has increased due to their various application fields [1,2]. Magnetic iron
nanoparticles were used as drug or gene delivery agents at cancer treatments like hyperthermia, diseases detections and
imaging studies such as magnetic resonance imaging [1,3,4]. Not only biomedical applications, but also iron based
magnetic nanoparticles are desired materials for catalytic applications, waste water treatment and electronic utilizations
(supercapacitors, batteries etc.) [1]. Magnetic nanoparticles must be resisted to oxidation and high temperatures for various
engineering applications. Therefore, chemically stable layers are coated on ferromagnetic nanoparticles (Fe, Ni, Co etc.)
[5]. Graphene encapsulation protects the magnetic core materials against corrosion and also increases the surface area and
reduce the agglomerations of the particles [3,5]. Solvothermal method, sol-gel method, combustion synthesis, plasma,
electrophoretic deposition method and chemical vapor deposition (CVD) method are used to synthesize graphene coated
nanoparticles [6,7]. Amongst them, CVD method is a widely studied method [3,7].

In this study, graphene encapsulation studies were performed using CVD system that consisted of tube furnace,
vacuum pump and gas flowmeters. Thus, synthesis optimizations of the graphene encapsulated Fe nanoparticles were
conducted by changing CVD temperature and dwelling time of the system.

First, iron chloride (FeCls.6H.0) salts were mixed with fumed silica in ethanol and heated until the ethanol was
vaporized to prepare precursor powders for chemical vapor deposition (CVD). These prepared precursor powders were
placed into the three different quartz boats and they located at the heating zone of the furnace. CVD system was fed with
hydrogen (Hz) and methane (CH4) gas flows with constant flow rates (100 ml/min Hz and 100 ml/min CH,4) for both
reduction of FeCls.6H.0 to Fe and CH, decomposition. The furnace heated up to 900 and 950°C under H/CH4 gas flows.
Besides, dwelling time varied between 45 to 90 min. Vacuum gauge was fixed to 30 mbar. All synthesized powders were
purified with 2 M HF to remove the silica powders. Subsequently, uncoated Fe particles leached out using 4 M HCI acid
solution.

X-Ray diffractometer was used for phase identifications before and after leaching steps. Reduction of FeCls;.6H,0 to
Fe, carbon formation and removing of the silica were investigated via XRD patterns. Also, Raman spectrum was used for
identifications of the graphene multilayers. Microstructural characterizations of powders were conducted using scanning
electron microscope (SEM) and transmission electron microscope (TEM) equipped with energy dispersive spectroscopy
(EDS). Core-shell structures of the synthesized particles were clearly identified from the TEM images. Additionally,
magnetic properties of the synthesized and purified powders were determined using vibrating sample magnetometer
(VSM). According to the hysteresis loops, synthesized powders have soft magnetic properties with saturation
magnetisation (between 95.60 and 134.69 emu/g) and coercivity (between 242.04 and 344.51 Oe) values.
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