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efficacy of treatment and reduce the side effects. Fe3O4/Graphene
Oxide (GO) nanocomposite has been widely studied as an efficient
nanocarrier drug delivery for chemotherapeutic agents. Therefore,
it’s necessary to research the effect of using Fe;O4/GO as an
alternative material in chemotherapy agent development. Variations
in the composition of Fe;O4 and GO used can determine the ability
of magnetic properties. This study aims to analyze the magnetic
properties of Fe;04/GO nanocomposites from corn cob waste by
using the modified hummer method. The results of the study were
identified using Vibrating Sample Magnetometer with composition
variations of 20%:80%, 30%:70% and 40%:60%. Based on the
hysteresis curve it was shown an increase in magnetic properties
along with the amount of Fe;O4 in the mixture of FesO4/GO
nanocomposite, with Saturation Magnetization (Ms) values of 18,2
emu/gram (20%: 80%), 23,2 emu/gram (30%:70%), and 31,1
emu/gram (40%:60%); Remanent Magnetization (Mr) values of 6,82
emu/gram  (20%:80%), 8,86 emu/gram (30%:70%), and 12,3
emu/gram (40%:60%) and Intrinsic Coercivity (Hc) values of
0,0421 T (20%:80%), 0,0399 T (30%:70%), and 0,0424 (40%:60%).
Based on these characteristics, this sample classified as
superparamagnetic material, it can be used as an alternative material
of nanocarrier drug delivery for chemotherapeutic agents.
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1. Introduction

The pathological process of cancer starts with aberrant cellular alterations brought on by
genetic alterations in cell DNA. This aberrant tissue development grows quickly, causing damage
to tissue cell function and even invasion of all organs in the body [1]. Cancer is one of the biggest
causes of death globally, claiming an estimated 9,6 million lives worldwide [2]. It was confirmed
by cancer prevalence result in 2018 reaching 994.529, becoming the fifth highest number of cases
in the world and the fourth highest number of cancer deaths with a prevalence of 830,180 deaths.
Cancer cases in Asia ranked 23rd with the prevalence of cancer in Indonesia in 2019 reaching a
level of 21.392 cases, with an average death rate of 13,9 per 100.000 people. The province with
the highest prevalence in Indonesia for cancer is in the Special Region of Yogyakarta (DIY) at
4,86 per 100,000 population, followed by the province of Central Java at 2,1% [3].

The high prevalence of cancer in Indonesia needs to be observed with preventive treatment
and early detection that has been undertaken by health care providers. Cancer cases that are
found at an early stage and get treatment quickly and appropriately will provide healing and a
longer life expectancy. Therefore, it is important to do a routine examination periodically as an
effort to prevent and early detection of cancer is very important because cancer is one of the
most deadly diseases [4]. Currently, lots of therapeutic treatments have been developed for cancer
treatment, including conventional chemotherapy drugs (such as cyclophosphamide, methotrexate,
doxorubicin, fluorouracil). Several problems have surfaced in the use of conventional
chemotherapy, including inappropriate distribution, effects on normal tissues, and relatively
quickly drug metabolism before reaching the tumor site. One of the methods developed in an
attempt to overcome these problems is using nanomedicine to target drugs to cancer specifically.
Early stage detection of cancer cells and targeting cancer cells with sufficient accuracy to improve
toxicity selectivity are important topics in the research of chemotherapeutic agents for cancer
treatment [5].

Chemotherapeutic agents are widely used in the treatment of cancer. The specialized delivery
of chemotherapeutic agents to the cancer site has the potential to improve treatment
effectiveness and reduce side effects. There are 3 main priorities to establish a drug delivery
system using stabilized nanoparticles, namely (1) the system must have sufficient physicochemical
stability so that the drug does not dissociate or decompose from the delivery system before
reaching the site of the drug action, (2) after reaching the target of action, the delivery system
must release the drug in sufficient quantities to cause a therapeutic effect, (3) the delivery system
used (carrier) must be degradable and can be eliminated from the body to avoid long-term
toxicity or immunogenicity [6].

Drug delivery using nanoparticles is useful for improving the effectiveness, efficiency of the
applied drug, and increasing drug safety by preventing the drug from reacting in unexpected
places [7]. Nanoparticles are colloidal particles that have a diameter of 1-10 nm, and are
formulated using biodegradable polymers. The small size of nanoparticles can increase the
solubility of active substances or drugs because the surface area increases so that it expands. This
causes the distribution of the active substance to the target site through the bloodstream to be
easier and the ability of absorption to the target site to be greater [8].
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Based on the research conducted by Hanh [9] claimed that Fe;O4 and GO can be applied as
nanocarrier drug delivery by utilizing the magnetic properties of Fe;O, and the biocompatibility
of GO. In utilizing superparamagnetic iron oxide (Fe;O4) nanoparticles in living organisms, the
nanoparticles must be coated with biocompatible and biodegradable substances. Uncoated iron
oxide (Fe;O4) nanoparticles have high surface activity and are easily aggregated, but after coating
with GO, the nanoparticles are biocompatible and can be easily dispersed. In addition, the
functional groups formed allow conjugation with other bioactive molecules or drugs [10]. The
synthesis of GO with the right method is required to produce proper functional groups.

Corn cobs have a high content of carbon compounds, namely cellulose (41%) and
hemicellulose (36%), which is high indicating that corn cobs have potential as an active charcoal
production material. In addition, corn cobs also have a low ash content of 0,91%. Activated
charcoal from this cob has several advantages including good potential as the carbon content is
greater than the ash content, easy to make, the raw material is easily available and abundant, easy
to use, safe, and durable [11]. Along with the development of science, corn cobs that have been
processed into charcoal through the combustion process can be utilized as materials for the
production of nanocomposite materials [12].

Nanocomposites are a type of material that combines two components, the matrix as
reinforcement and the filler as a filling agent [13]. Fe;O, is one type of nanoparticle known as
magnetite. Fe;Oy4 has several advantages including good magnetic properties, low toxicity, and
biocompatibility in physiological environments. Meanwhile, GO has advantages in the synthesis
process, solubility, customizable conductivity, large surface area, biocompatibility, as well as being
an abundant material source in nature and economically affordable [14]. Adding Fe;O4 to GO
will provide the required magnetic properties to GO, so that these nanoparticles have superior
properties including good biocompatibility, superparamagnetic properties, low production costs,
and low environmental toxicity [15]. While both material have been the subject of intensive and
separate research, there is still limited research on Fe;O4/GO nanocomposites.

Therefore, the analysis of the magnetic properties of Fe;04/GO on Corn Cobs is expected
to provide an alternative solution in producing eco-friendly and efficient nanocomposite
materials and revealing the potential use of organic waste as a potential source of alternative raw
materials. The purpose of this study is to identify the effect of composition variation on the
characteristics of magnetic properties of Fe;O4/GO nanocomposites synthesized from corn cob
waste base material using the modified hummer method.

2. Materials and Method

This research was experimental. It used a Vibrating Sample Magnetometer (VSM) to
interpret magnetic results in the form of magnetic quantities as changes in the external magnetic
field, represented by hysteresis curves, including Saturation Magnetization (Ms), Remanence
Magnetization (Mr), and Intrinsic Coercivity (Hc). The analysis of characterization results using
the Vibrating Sample Magnetometer (VSM) was processed with OriginPro 8.5.1 software to
combine hystetesis cutves for three variations of FesO4/GO nanocomposite compositions.

The materials used in this experiment included GO powder made from corn cob waste,
sodium hydroxide (NaOH), sodium nitrate (NaNOs), 98% sulfuric acid (H.SOy), potassium
permanganate (KMnOy), 30% hydrogen peroxide (H2O,), and distilled water. The tools used
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were a mortar and pestle, a 100-mesh sieve, a measuring cup, an Erlenmeyer flask, a magnetic
stirrer, an oven, a furnace, a vaporizer cup, a digital balance, a funnel, a volumetric flask, a baking
pan, a volume pipette, centrifuge tubes, a centrifuge, a magnetic stirring rod, a fume hood, a
spatula, a stirring rod, a distilled water spray bottle, and an ultrasonic device.

GO can be synthesized by oxidizing Graphite to Graphite Oxide which is then exfoliated to
GO. The properties of this material are highly dependent on the synthesis method which affects
the quantity and type of oxygen-containing groups in the formed GO. Unlike graphene, GO is
hydrophilic, making it relatively easy to make water-based suspensions or organic solvents [16].
One method that is frequently used for synthesizing GO is the Hummer method. This method is
a fairly quick conventional method used for the synthesis of GO. In this method, the reaction
mixture consists of adding potassium permanganate, sulfuric acid, and a small amount of sodium
nitrate. The reaction time ranges between 8 and 12 hours. This method is much safer as it avoids
the formation of ClO, which is explosive. At the end of the reaction, the excess potassium
permanganate is neutralized with an aqueous solution of H,O,. Unfortunately, this method is not
eco-friendly due to the release of NOx during the reaction [17].

In this research, oxidation was performed using the modified Hummers method. GO was
synthesized by oxidizing graphite, employing one of the principal methods by Brodie, Hummers,
or Staudenmaier, which offered several advantages over established reduction techniques. First,
the reaction was completed in a few hours. Second, KCIO; was replaced with KMnO, to enhance
safety by avoiding the formation of explosive ClO;. Third, the use of NaNOs instead of fuming
HNOs; prevented the production of acid mist. The modified Hummers method gained
considerable interest due to its high efficiency and satisfactory safety during graphite oxidation.
[18]. Pure graphite was the main raw material for the production of GO. However, pure graphite
had a high cost. Consequently, researchers increasingly synthesized GO using naturally available
graphene sources, such as activated carbon. Activated carbon, an organic material with high
carbon content, was produced from various sources, including corn cobs.

The research was conducted through several stages of synthesis and characterization as
follows:

1. Sample Preparation

Sample preparation was carried out by cleaning the corn cob waste, cutting it into small
pieces, and drying it under the sun for 3 days. The water content of the corn cobs was then
evaporated using an oven at 100°C for 1 hour [19]. After that, the corn cobs were heated in a
furnace at 400°C for 2 hours until they transformed into biochar. The biochar was then
pulverized using a mortar and pestle to form charcoal powder, which was subsequently filtered
through a 100-mesh sieve.

2. Carbon Activation Stages

The activation stage of corn cob charcoal was performed after the corn cob was pulverized
into powder. The initial activation stage began by preparing a NaOH solution using 100 mL of
distilled water, measured with a measuring flask, and mixed with 8 grams of solid NaOH. The
solid NaOH was then completely dissolved in distilled water, forming a homogeneous solution.
Next, 8 grams of corn cob charcoal powder were placed into 250 mL beakers, and 100 mL of

NaOH solution was poured into each, ensuring that the charcoal was submerged in the solvent.
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The soaking procedure lasted for 24 hours, after which sediment formed at the bottom of the
beaker. The next step involved straining the sediment using filter paper and a funnel to separate
the liquid from the corn cob charcoal powder. The filter paper, moistened with distilled water,
was placed in the funnel to filter the mixture of corn cob charcoal powder and NaOH solution.
The filtered corn cob charcoal powder was then transferred into a vaporizer cup. The activated
corn cob chatrcoal powder was dried for 3 hours at 105°C in an oven [20].

3. GO Preparation

GO was synthesized using the modified Hummers method. The synthesis began by mixing
1.5 grams of activated carbon powder from corn cob and 0.75 grams of NaNOj; into a 250 mL
Erlenmeyer flask. Then, 34,5 mL of 98% H,SO, was added to the mixture [21]. The mixture was
stirred for 2 hours and 20 minutes in an ice bath, maintaining temperatures between 0 and 5°C at
a constant speed of 250 rpm. After that, the ice bath was removed, and 4.5 grams of KMnOy was
added slowly without the ice bath for 30 minutes at about 35°C. After 30 minutes, 69 ml. of
distilled water was carefully added using a dropper while stirring for 20 minutes. The temperature
increased upon adding the distilled water due to the endothermic reaction, and it was essential to
keep the temperature below 50°C to observe the oxidation process, which was marked by a dark
brown color change and the appearance of bubbles. Then, another 100 mL of distilled water and
1.5 mL of 30% H>O,were added. The addition of H,O, aimed to remove any remaining KMnOy
or stop the reaction, causing the solution to turn yellow, indicating the presence of Graphite
Oxide. Finally, 50 mL of distilled water was added, and graphite oxide was formed [22].

4. Sonication and Neutralization of GO

Sonication and neutralization of graphite oxide were conducted once the solution turned
yellow, indicating the formation of graphite oxide. The graphite oxide mixture was sonicated for
2 hours to exfoliate the graphite into graphene [23]. Next, the solution was left to sediment for 1
day, allowing the liquid and solid phases to separate [24]. After that, the centrifugation process
was carried out using a microcentrifuge at 4000 rpm for 15 minutes to separate the solid and
liquid phases. The centrifugation procedure was followed by manual neutralization of GO, where
the GO powder was precipitated, and distilled water was replaced repeatedly until the pH reached
neutral (7). Once the neutral pH was achieved, the GO was oven-dried at 105°C for 1 hour [25].

5. Characterization of GO

After the GO was formed, the samples were characterized using XRD and FTIR procedures
to analyze the obtained GO.

6. Synthesis of Nanocomposite Fe;O4/GO

The synthesis of Fe;04/GO nanocomposites started by mixing the FesO4/GO with various
composition ratios (20%:80%, 30%:70%, and 40%:60%). The mixing process was carried out
using the ball milling method at a speed of 3000 rpm for 180 seconds [26]. The purpose of this
step was not only to mix the materials but also to achieve homogenization of the particle size.

7. Stage of Nanocomposite Charactetization of Fe;O4/GO

The Fe;04/GO nanocomposites from corn cob were characterized using analytical methods,
such as X-Ray Diffraction (XRD) to analyze the crystal size and structure, Fourier Transform
Infrared (FTIR) spectroscopy to examine the functional groups, and Vibrating Sample
Magnetometer (VSM) to assess the magnetic properties of the sample.
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3. Results and Discussion

The XRD characterization was performed to confirm the effectiveness of the carbon
activation process, the diffraction patterns displayed in Figure 1 as follows:
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Figure 1. The results of XRD Characterization Activated Carbon from Corn Cob

The XRD characterization results shown in Figure 1 depict the diffraction pattern of the
activated carbon. The XRD pattern was obtained using Cua radiation (A = 1,541 A) over a 26
range of 20° to 65°. Analyzing the diffraction pattern reveals that carbon activation occurred in
the corn cob charcoal powder, as indicated by the C diffraction peak observed at a 20 angle of
44,6° corresponding to the (111) plane.

The interpretation results of the XRD analysis for the samples are presented in Table 1 and
Table 2 below:

Table 1. Significant peak on Activated Carbon
No Pos.[°20] d-spacing[A] TIr[%] FWHM Left [©20] Atom

1 44,58604 2,03061 100 0,3744 C

Table 2. Crystallite size calculation from the XRD for Activated Carbon

Pos.[20] FWHM D=(0,91)/( B CosO)/2)) Average

44,58604 0,3744 22,93281218 22,93281218

Table 1 shows the diffraction pattern of activated carbon, indicated by the presence of a C
peak in the XRD pattern at a 20 angle of 44,5°, corresponding to the diffraction hkl (111) plane.
This peak aligns with the JCPDS (Joint Committee Powder Diffraction Standard) result No. 80-
0017 Determination of suitability crystal structure formed is done by matching each peak that
appears on the diffractogram at angle values 20 and d the results of the analysis with data from
JCPDS (Joint Committee Powder Diffraction Standard) so that obtained information on the
orientation of the of the crystals formed. If all crystal plane orientations are identified it is
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confirmed that the crystal structure has conformity. Table 2 presents the analysis of the
diffraction pattern, the sample has a cubic structure indicated by the Miller index (111) with an
activated carbon crystallite size of 22,93 nm. Where D is the crystallite size, A is the wavelength
of CuKa (1,5405 A ), B is the full width half maximum (FWHM) (hkl), and 0 is the Bragg angle.

The XRD characterization was performed to analyze the GO obtained. Diffraction patterns
were obtained as shown in Figure 2 as follows:
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Figure 2. The results of XRD Characterization on GO

The XRD characterization results in Figure 2 display the diffraction pattern of GO. These
patterns were obtained using CuKa radiation (\ = 1,541 A) over a 26 range of 20° to 65°. The
diffraction pattern of GO is identified by the presence of C, Oz, and Hj peaks.

The interpretation results of the XRD analysis for the samples are presented in Table 3 and
Table 4 below:

Table 3. The results of Each Significant Peak on GO

No Pos.[°20] d-spacing[A] Lt[%)] FWHM Left [©20]  Atom
1 33,65834 2,66282 31,4 0,51168 H,
2 39,58498 2,27674 100 0,818688 O,
3 44,4094 2,03997 61,4 0,614016 C

Table 4. Crystallite Size Calculation From XRD For GO

Pos.[20] FWHM D=(0,9 )/( 8 Cos©)/2)) Average
3365834  0,51168 16,22058473

3058498 0,818688 10,31291715 13,5027029
444094  0,614016 13,97460692

Table 3 shows that the diffraction pattern of GO is identified by the presence of C, Og, and
H; peaks in the XRD pattern at 20 angles of 44,3° for the diffraction hkl (002) plane; 39,5° for
the diffraction hkl (111) plane; and 33,6° for the diffraction hkl (101) plane. These peaks
correspond to JCPDS (Joint Committee Powder Diffraction Standard) entries No. 80-0017, No.
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85-1105, and No. 85-1256 . Where D is the crystallite size, A is the wavelength of CuKa (1,5405
A), B is the full width half maximum (FWHM) (hkl), and 6 is the Bragg angle. The difference in
FWHM values indicates peak broadening or widening of the curve at the diffraction peak. The
larger FWHM changes and the decrease in intensity indicate the smaller the powder crystal size..
Meanwhile, Table 4 indicates the sample was hexagonal structure according by the miller index
and the size of the GO crystallite was 13.5 nm.

The X-Ray Diffraction (XRD) charactetization results for Fe;O4/GO nanocomposites with
compositions of 40%:60%, 30%0:70%, and 20%:80% were displayed in Figure 3 as follows:

Fe;04 -Graphene Oxida
|.20% : 80% |

Fe;04 -Graphene Oxidz
30% : 70%
M,.,.g Aotrevs 4\.A . 4

Fe;04 -Graphene Oxidz
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@11)
(400)
(422)
(511
(440)

Intensity (a.u)

| JCPDS No. 88-0315]

25 30 35 40 45 50 55 60 65
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Figure 3. The XRD Result of JCPDS (Joint Committee Powder Diffraction Standard) No. 88-
0315, and Variation of nanocomposite composition Fe;04/GO

Based on Figure 3, the diffraction pattern of Fe;0,/GO nanocomposite with 3 variations of

composition compared with JCPDS(Joint Committee Powder Diffraction Standard) No. 88-
0315 by [27] as a standardization of the XRD results of Fe;O,/GO, which is at the peak of the 20
= 30, 35, 43, 53, 57, dan 62 . Based on the peaks formed, it is in accordance with the standard
XRD result for Fe;O4/GO (JCPDS (Joint Committee Powder Diffraction Standard) No. 88-
0315). The miller index of each peak formed was diffraction hkl (220), (311), (400), (422), (511),

and (440).

Table 5. Average results of the crystallite size of FesO4/GO nanocomposites composition of
40%: 60% ; 30% : 70%; and 20%: 80%

No Composition Fe;O4/GO Crystallite size
1 40% : 60% 42,93 nm
2 30% : 70% 3919 nm
3 20% : 80% 45,32 nm
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The results of the diffractogram pattern analysis used the Scherrer equation to determine the
crystallite size. Based on Table 5, the average crystallite size of Fe;O4/GO nanocomposite witth
composition 40% : 60% ; 30% : 70% ; and 20% : 80% in a row 42,93 nm, 39,19 nm and 45,32
nm.

The characterization results using FTIR was performed to analyze the GO obtained. infrared
The spectrum were obtained as shown in Figure 4 as follows:
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Figure 4. Results of FTIR Characterization on GO nanocomposites

Figure 4 shows the infrared spectrum from the FTIR characterization results, highlighting
the relationship between intensity (% transmittance) and the energy range in wave numbers

(ecm™). A total of eight wave numbers were identified, as detailed in Table 6.

Table 6. Result of Absorption Peaks on GO nanocomposite composition

Peak To Wave Number (cm®) (O/oTrir;t:riiances)
1 3355,48 29,39
2 2120,79 32,54
3 1998,79 32,76
4 1919,36 32,60
5 1702,31 27,98
6 1607,19 27,14
7 1225,31 26,07
8 1034,80 27,54

According to the data in Table 6, the formation of GO was attributed to the presence of C-
O, C=0, C=0, and O-H bonds [28]. From Figure 2 and Table 5, C-O wave peaks were
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identified at wave numbers 1034.80 cm™ and 1225.31 cm™; C=0O wave peaks were observed at
1702.31 cm™, 1919.36 cm™, and 1998.79 cm™; a C=0O wave peak was detected at 2120.79 cm™;
and an O-H wave peak was found at 3355.48 cm™.

The FTIR charactetization results for Fe;O,/GO nanocomposites with compositions of
40%:60%, 30%:70%, and 20%:80% are presented in Figure 5.

409 : 60%
2709 2560 2160 1606  |J60 0 30% : 70%
C-H O-HC=C | C=0 |C=C| C-O [Fe-O 20% : 80%

Transmittanoces(%)

|
1 T 1
4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wave Number (cm™})

T T T T T

Figure 5. The composition variation FTIR spectra of Fe;O,: GO nanocomposites, 40%0:60%,
30%:70%, and 20%:80%.

Figure 5 displays the FTIR specttum of Fe;O, /GO nanocomposites with three composition
variations: 40%0:60%, 30%:70%, and 20%:80%. The data were processed using Origin software.

The FTIR characterization of the Fe;O, /GO nanocomposite with a 40%:60% composition
variation revealed several bond formations. A C-H bond was identified at wave numbers 3852.51
cm™' and 3744.27 cm™!, while an O-H bond appeared at 2714.98 cm™. The C=C bond was
observed at 2328.23 cm™!, and the C=O bond was detected at wave numbers 2091.24 c¢cm™
2001.30 em™, and 1698.52 cm™. Additionally, C=C bonds were noted at 1698.52 cm™ and
1540.64 cm™, and C-O bonds at 1190.47 cm™ and 1017.54 cm™. Lastly, Fe-O bonds were
identified at wave numbers 543.26 cm™!, 436.90 cm™!, and 431.29 cm™!.

The FTIR characterization of the Fe;O, /GO nanocomposite with a 30%:70% composition
variation identified several bond formations. C-H bonds wete observed at wave numbers 3899.97
cm™', 3743.56 cm™, and 2906.49 cm™. C=0O bonds appeared at 2085.68 cm™, 2002.62 cm™
1902.21 cm™, and 1698.85 cm™. C=C bonds were detected at wave numbers 1584.59 cm™ and
1540.96 cm™, while C-O bonds were present at 1203.75 cm™ and 1023.32 cm™. Finally, Fe-O
bonds were identified at wave numbers 534.65 cm™ and 462.37 cm ™.

The FTIR characterization of the Fe;O, /GO nanocomposite with a 20%:80% composition

bl

bl

bl

variation revealed several bond formations. C-H bonds were observed at wave numbers 3899.60
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cm™', 3744.33 cm™, and 2918.80 cm™. An O-H bond appeared at 2352.99 cm™, while C=0O
bonds were detected at 2089.42 cm™!, 2000.83 cm™, 1902.09 cm™, and 1699.98 cm™. C=C
bonds were identified at 1586.09 cm™, C-O bonds at 1178.61 cm™ and 1022.28 cm™!, and Fe-O
bonds at 551.36 cm™, 466.28 cm™, and 439.30 cm™1.

The FTIR analysis of Fe;0,4/GO nanocomposites revealed the presence of C-H, O-H, C=C,
C=0, C=C, C-0O, and Fe-O bonds. The Fe-O absorption peak was detected in the range of 400-
700 cm™. According to research [29], the detection of Fe-O absorption peaks indicates that
Fe;Oy4 has been successfully composited with GO. The vibrations of GO in the Fe;O0./GO
composite were observed at absorption peaks around 1100-1300 cm™ and 1400-1600 cm™ [30].

The analysis of the magnetic properties of Fe;O,/GO nanocomposites synthesized from
corn cob waste provided values for Saturation Magnetization (Ms), Remanent Magnetization
(Mx), and Intrinsic Coetcivity (Hc). The characterization results of Fe;O4/GO nanocomposites
with composition variations of 40%:60%, 30%:70%, and 20%:80% were obtained using a
Vibrating Sample Magnetometer (VSM).

The VSM characterization results for Fe304/GO composites with a 40%:60% composition
ratio are presented in Figure 6 below.

1353323_Fe304:G0=40%:60%

30 4 —— [Ms =311
2(
[Mr = 1,23
vvvvvvv 10 4/

Momen Magnetik, M (emu/gram)

Figure 6. The hysteresis curve of Fe;O4/GO nanocomposite with composition variation of

40%: 60%
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The VSM characterization results for Fe;O4/GO composites with a 30%:70% composition
ratio are presented in Figure 7 below.

1353322_Fe304:G0=30%:70%

20
10 /
"‘

Momen Magnetik, M {emu/gram)

Figure 7. The hysteresis curve of Fe;O4/GO nanocomposite with composition vatiation of
30%: 70%

The VSM characterization results for Fe;O4/GO composites with a 20%:80% composition
ratio are presented in Figure 8 below.

1353321_Fe304:G0=20%:80%

Momen Magnetik, M (emu/gram)

H(T)

Figure 8. The hysteresis curve of Fe;O4/GO nanocomposite with composition variation of
20%: 80%

The magnetic properties of the Fe;O4/GO nanocomposite were measured using a Vibrating
Sample Magnetometer (VSM) to assess the magnetic characteristics of the composite. The VSM
measurement results indicated that smaller grain sizes of magnetite nanoparticles produced a

stronger magnetic response. The magnetic properties of the composite are primarily influenced
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by factors such as crystallite or grain size, crystallite shape and distribution, and the type of
magnetic phase forming the composite structure. Intergranular exchange interactions and dipolar
interactions play a significant role in determining the magnetic properties of nanocomposite
magnets.

The Vibrating Sample Magnetometer (VSM) characterization results were processed using
OriginPro 8.5.1 software. This software was utilized to combine the hysteresis curves for the
three variations of Fe;O,/GO nanocomposite compositions, which are shown in Figure 9 below.

Fe304-Graphene Oxide
20% : 80%
40 - 30% : 70%
40% : 60%

30 4 S
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Magnetic Moment (emu/gram)
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Figure 9: The hysteresis curves of Fe;O4/GO nanocomposites for 3 composition vatiations.

The values of Saturation Magnetization (Ms), Remanent Magnetization (Mr), and Intrinsic
Coercivity (Hc) obtained for each sample using the Vibrating Sample Magnetometer (VSM) are
presented in Table 7 below.

Table 7: The analysis results of Magentic Properties of Fe;0.4/GO nanocomposites for 3
composition variations

Composition variations Intrinsic Remanent Saturation
(% mass) Coercivity Magnetization —Magnetization
(HO) (M) (Ms)
FeaOs GO (T) (emu/gram) (emu/gram)
20 % 80 % 0,0421 6,82 18,2
30 % 70 % 0,0399 8,86 232
40 % 60 % 0,0424 12,3 31,1

The results in Table 7 show the properties of Fe;04/GO nanocomposites with composition
ratios of 40%:60%, 30%:70%, and 20%:80%. When an external magnetic field is applied, the
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samples become magnetized, achieving saturation magnetization values of 31.1 emu/gram, 23.2
emu/gram, and 18.2 emu/gram. After the external magnetic field is removed, the magnetization
does not drop to zero, showing remanent magnetization values of 12.3 emu/gram, 8.86
emu/gram, and 6.82 emu/gram. To reduce the magnetization to zero, an external field of 0.0424
T (424 Oe), 0.0399 T (399 Oe), and 0.0421 T (421 Oe) is required. The narrow hysteresis curve
suggests that the sample is a soft magnetic material. According to previous research [31], suggests
that the Fe;04/GO nanocomposites with these composition vatiations are supetrparamagnetic
due to their particle size, which ranges from 1 to 100 nm.

Table 5 presents the particle size results for each composition variation of Fe;O4/GO
nanocomposites. Based on Table 7, it is observed that as the particle size increases, the coercive
field also increases. This relationship applies to particles smaller than 40 nm. For smaller
magnetite (Fe) nanoparticles, the barrier energy (anisotropy energy) decreases, which results in a
smaller coercive field (H). As the barrier energy is reduced, a smaller external field is required to
make the magnetization zero, allowing greater freedom for the magnetic moment to fluctuate.
However, a deviation is seen in the sample with a 30%:70% composition variation, where the
coercive field does not increase linearly with the Fe;Ouparticle size. This phenomenon was also
observed in the study by Yulianti et al. [33]. It is attributed to agglomeration in the 30%0:70%
sample, where clumping affects the direction of the magnetic moment, restricting its freedom to
fluctuate. As a result, a larger external magnetic field is needed to reduce the net magnetization to
Zero.

The variation in saturation magnetization values is likely due to the effect of particle size. As
the particle size increases, the coercivity value also rises. Particle size plays a significant role in
altering the magnetic properties of materials. Research by Yadav et al. [34] indicates that smaller
particle sizes lead to lower saturation magnetization. This result supports the theory that smaller
particles are more easily magnetized [35].

The VSM analysis of Fe;O4/GO nanocomposites showed an increase in the magnetic
properties (Ms, Mr, and Hc) of GO in all composition variations, due to the incorporation of
Fe;O4 nanoparticles. This improvement is because Fe;O4 nanoparticles are ferromagnetic
materials, which have a structured atomic arrangement and magnetic dipole moment, allowing for
a strong magnetic response when combined with GO [36]. The 40%0:60% composition variation
of Fe;04/GO nanocomposites exhibited the best results, with the highest values for intrinsic
coercivity (Hc), remanent magnetization (Mr), and saturation magnetization (Ms), which are
0.0424 T, 12.3 emu/gram, and 31.1 emu/gram.

Based on the observations above, the Fe;O,/GO nanocomposite can be classified as a
superparamagnetic material, as it produces a magnetic response when subjected to external and
remanent magnetic fields, with zero coercivity in the presence of a magnetic field. These
properties make the Fe;O,4/GO nanocomposite a promising candidate for use as a nanocattier in
drug delivery systems, particularly for cancer chemotherapy agents.
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4. Conclusion

This study explores the magnetic properties of Fe;O4/GO nanocomposites synthesized
from corn cobs waste using Vibrating Sample Magnetometer (VSM). The characterization results
of Fe;04/GO nanocomposites with composition variations of 40%:60%, 30%:70%, and
20%:80% were obtained using Vibrating Sample Magnetometer (VSM). VSM analysis provided
data on the hysteresis curves of the Fe;O,/GO samples, showing variations in Saturation
Magnetization (Ms), Remanent Magnetization (Mr), and Intrinsic Coercivity (Hc).

The analysis of Saturation Magnetization (Ms) and Remanent Magnetization (Mr) values
revealed an increase with higher Fe3O4 content in GO, showing different values for the
20%:80%, 30%:70%, and 40%:60% compositions. However, a deviation in the intrinsic
coercivity (Hc) value was observed, where the results were not linear due to agglomeration in the
Fe;04/GO nanocomposite sample, which interfered with the fluctuation of the magnetic
moment. The findings suggest that the addition of Fe3O4 influences the magnetic properties of
the nanocomposites, particularly increasing the Saturation Magnetization (Ms) and Remanent
Magnetization (Mr) values, leading to a narrower hysteresis curve. Based on these characteristics,
this sample classified as superparamagnetic material, it can be used as an alternative material of
nanocarrier drug delivery for chemotherapeutic agents.
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