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Abstract. Barium ferrite is a permanent magnet that is frequently used in electronic devices such
as data storage media, signal absorbers or radar, because of its magnetic properties. In certain
uses, it is desirable to have a rod structure to take advantage of the barium ferrite anisotropic
properties. In this research, barium ferrite powder with rod structure was made using the sol-gel
method using nanocellulose template. Barium ferrite powder was synthesized from a solution of
barium nitrate and iron nitrate using the sol-gel method with nanocellulose crystal template with
variations in template mass. The structure and properties of barium ferrite were observed using
Vibrating Sample Magnetometer (VSM). VSM observations showed the single phase of barium
ferrite produces saturation magnetization of 54.6 emu/g, remanence magnetization of 28.6
emu/g.
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1. Introduction

Barium ferrite is a commercial permanent magnet of ceramic type. the magnetic material has very
strong mechanical properties and is not easy to corrosion. as a permanent magnet, barium ferrite has
magnetic properties with a high level of stability to the effect of the outside magnetic field at temperatures
above 30000c [1].

Barium ferrite is often the option for researching magnetic materials because this material can be made
into permanent magnets that have good material magnetic properties and many applications for various
needs. besides that, barium ferrite is, even more, economic and easy to manufacture.

Various methods are used in manufacturing barium ferrite magnets to produce better magnets.

The axial desired form for barium ferrite is nanorods or what is called nanorods.

The shape is of this rod easy to direct the magnetic moment of a magnetic particle. The appropriate or
flat order of the nanorods affects the magnetic properties of the particles. Hysteresis that "fat" and
produced from straight arrangements, more suitable for use in magnetic recording because it has a large
storage density than flat. While the “thin” hysteresis that is produced from a flat order will be more suitable
for magnetic reading. To shape the particles into the desired shape a template is required.

Cellulose is the most abundant natural polymer and is easily biodegradable. Cellulose is produced
from plants, marine animals, and bacteria. Cellulose or fiber can be divided into nanoscale materials called
nanocrystalline cellulose, nanofibrils, and others. Based on their size and shape, this nanocrystalline
cellulose can be an ideal template for nanorod materials.

In this research, a study was conducted on the effect of the cellulose template of Luffa Acutangula in
the synthesis of barium ferrite magnet particles [2].

Anitostrophic shapes such as rods or nanorods, with size a < c¢. To form an anisotropic structure, a

1


mailto:sallam.hartono@yahoo.com
mailto:purwa@tf.itb.ac.id
mailto:nugraha@tf.itb.ac.id
mailto:setiamarga@gmail.com

template from a synthetic nanocellulose material is generally required which is a natural material. The
purpose of this study was to produce barium ferrite with better magnetic properties than the synthesis of

barium ferrite without a nanocellulose template.

2. Research Method
2.1 Research Procedures
After the literature study, the design of process parameters, preparation of tools and materials,

nanocellulose synthesis experiments, barium hexaferrite synthesis experiments, and characterization will

be carried out.
2.2 Preparation of Luffa Acutangula

Figure 1. Luffa acutangula fiber that has been cut

2.3 Manufacture of Nanocellulose

Figure 2. Cellulose powder



2.4 Manufacturing of Barium Ferrite Magnets

c
Figure 3. Calcined Barium Ferrite Powder with concentration:

a. 0% (w/v), b. 0,5% (wW/v), c. 1% (w/v), d. 1,5% (w/v).

3. Result and Discussion
3.1 Nanocellulose Isolation Procedures

Isolation of nanocellulose from gambas was carried out using the strong acid hydrolysis method.
Acid hydrolysis is the most effective process because it requires very low energy. This process is carried
out by adding a strong acid H2SO4 45%. the amorphous part of the cellulose has been removed and the
nanocellulose is ready for use.
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Figure 4 Acid Hydrolysis Mechanism

3.2 Fourier Transform Infra-Red (FTIR)
The results of the FTIR spectrum of the synthesized nanocellulose sample can be seen in Figure 5.
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Figure 5 Comparison of Cellulose — Nanocellulose FTIR Spectrum

3.3 Vibrating Sample Magnetometer (VSM) Characterization Results

The magnetic properties of the resulting barium ferrite sample can be determined from the sample
hysteresis curve in the VSM characterization results. Comparison of hysteresis curves on variations in
the use of templates can be seen in Figure 6 below.

604 —— 0% NC
—0,5% NC
404 —1.0%NC
—1,5% NC

20

~~
&0
=]
g o0
2
= 20
40
-60 4
T T T T
20 -10 0 10 20
H (kOe)

Figure 6 Comparison of Hysteresis Curves on Variations in the Use of Nanocellulose Templates

while the hysteresis curve for each barium ferrite sample can be seen in Figures: 4.4, 4.5, 4.6, and 4.7
following:
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Figure 7 Sample Hysteresis Curve BaFe12019 with Templates 0%(w/v) Nanocellulose

M (emu/g)

Figure 8 Sample Hysteresis Curve BaFe12019 with Templates 0.5%(w/v) Nanocellulose

M (emu/qg)

Figure 9 Sample Hysteresis Curve BaFe12019 with Templates 1%(w/v) Nanocellulose
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Figure 10 Sample Hysteresis Curve BaFe12019 with Templates 1.5%(w/v) Nanocellulose




The hysteresis curve in the use of 0% and 0.5% templates did not have a fracture indicating the
formation of a single phase of barium ferrite. Meanwhile, in the use of 1% and 1.5% templates, some
fractures indicate the presence of other phases besides barium ferrite in the sample. From the hysteresis
curve above, the saturation magnetic moment (Ms) sample BaFel2019 is 38,85-54,56 emu/g,
remanence magnetic moment (Mr) is 15,85-28,63 emu/g, and coercivity is 304,51-1006 Oe. Magnetic
properties of the whole sample BaFe12019 can be seen in detail in Table 1 below

Table 1 Magnetic properties of sample BaFe12019

No Nanocellulose Saturation Ms Remanence Mr Coercivity MriMs
(Yowiv) (emu/g) (emu/g) (kA/m) | (Oe)

1 0 44,03 15,85 76,9 |966,58 | 0,36

2 0,5 54,56 28,63 303 3808 0,525

3 1 51,94 24,63 2443 3070 0,474

4 1,5 38,85 19,25 267,9 3367 0,495

The value of the saturation magnetic moment and the remanence magnetic moment can be
compared with the graph in Figure 11.
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Figure 11 Sample Saturation and Remanence Graph BaFe:,019 with Different Number of
Nanocellulose Templates

While the coercivity of each sample BaFe12019 can be compared with the graph in Figure 12.
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Figure 12 Sample Coercivity Graph BaFe12019 with Different Number of Nanocellulose

Templates
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As explained in the previous chapter, a magnet is categorized as a hard magnet if it has the above

coercivity of 104 A/m or 125.6637 Oe so that the four samples BaFe12019 including the type of hard
magnet because of the value of Hc> 125.6637 Oe.

Based on the VSM results above, the use of templates affects the magnetic properties of the

BaFel2019. The saturation and remanence magnetic moment values increased for the use of
nanocellulose templates 0,5% and 1% but down for the use of nanocellulose templates 1,5%. In addition,
the coercivity value increases with the use of nanocellulose templates 0,5% but down on usage 1% and
1,5%. Based on the comparison in Table 4.3 the sample with the best magnetic properties is the sample
BaFel12019 with templates 0,5% nanocellulose based on comparison value Ms/Mr and Hc the highest.

4.

Conclusion

After the experiment, the following are the conclusions:

1. Barium ferrite in the form of nanorods was successfully synthesized with the best magnetic properties
using 0,5% (w/v) nanocellulose.
 Saturation magnetization, Ms = 54,56 emu/g
» Remanence magnetization, Mr = 28,63 emu/g
» Coercive field, Hc = 3,83 kOe

2. Barium ferrite with nanocellulose template 0,5% (w/v) has better magnetic properties than barium
ferrite without template (Ms = 44,03 emu/g, Mr = 15,85 emu/g, Hc = 0,97 kQOe).
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