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Abstract. One of many applications of spinel ferrite nanoparticles is related to their
performance as radar absorbing materials. In this work, we report developing synthesis method
through combined coprecipitation-sonochemical routes in preparing Zng,sMngsFe,O,y
nanoparticle from iron sand in Indonesia as a vital raw material. The structure, size,
morphology, and elements of the ZngsMn,sFe,O, nanoparticle were investigated via X-Ray
diffractometry and Transmission/Scanning Electron Microscopy (TEM/SEM) combining
Energy Dispersive Spectroscopy (EDS). The magnetic properties of the Zng,sMng;sFe Oy
nanoparticle were characterized by using Vibrating Sample Magnetometer (VSM).
Furthermore, the reflection loss character of the Zng sMn, sFe,O, nanoparticle was determined
via Vector Network Analyzer (VNA). From the qualitative and quantitative analysis of the
XRD data, it can be identified that the Zn, sMn,, sFe,O, particle formed a spinel cubic structure
in a single phase with the lattice parameter of approximately 8.401 A. It is known from the
TEM image that the ZngsMngsFe,Oy particle had a size of about 9.7 nm and tended to
agglomerate. Furthermore, the data analysis of the M(H) curve presented that the
Zng sMn, sFe, O, nanoparticle has a superparamagnetic behavior with the saturation
magnetization of approximately 43 emu/g. Finally, the data analysis of the reflection loss as a
function of frequency showed that the ZngsMnosFe,Oy nanoparticle performs as a radar
absorbing material with the absorption performance of approximately -11.0 dB at the
frequency of 10.8 GHz
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1. Introduction

Spinel ferrite nanoparticles have general formula AB,O, and form spinel erystal structure, where A
represents the metallic cations located at the tetrahedral site, and B represents the metallic cations
positioned at the octahedral site [1]. Spinel ferrite nanoparticles are a group of functional magnetic
materials that have attracted significant attention due to their high performance in various applications.
Nowadays, several researchers have extensively reported that the spinel ferrite nanoparticles have
excellent application performances in many fields. The applications include for hyperthermia
treatment [2], energy storage [3]. core, switching and MLCI's [4], as a catalyst to eliminate organic
pollutants [5], electromagnetic shielding [6], microwave absorption and high-frequency [7], and so
forth.

Numerous efforts have been conducted intensively and continuously by many researchers to obtain
the high-performance spinel ferrite nanoparticles as radar absorbing materials. It is imperative because
radar absorbing materials have an essential role in fulfillment in civil and military purposes [8]. The
efforts have been conducted through developing synthesis method, expanding characterization
technique, and also developing a theoretical explanation to achieve the thin, flexible and light
absorbers with high reflection loss performance.

For mass production, it 1s essential to develop the synthesis method efficiently and inexpensively in
preparing spinel ferrite nanoparticles as radar absorbing materials. However, many papers reported
that the ferrite nanoparticles as radar absorbing materials are prepared from commercial precursors
which are relatively expensive. Therefore, to reduce production cost, in this experiment, we propose
the utilization of iron sand from natural resources in Indonesia in preparing Zn, sMn, ;04 nanoparticle.
Among various synthesis methods, the coprecipitation approach has advantages due to its simplicity,
effectivity, low price, and ability m producing spinel ferrite nanoparticles [9]. Furthermore, the
sonochemical approach also is also superior regarding its high performance in preparing the
nanoparticles in various shapes and sizes with high homogeneity. Therefore, we also propose a
combination of the two approaches in synthesizing the Zn,sMn,;0O, nanoparticle. Finally, we
complete this works by discussing in detail the structural, magnetic, and microwave absorption
characteristics of the prepared Zn, sMn, sFe,O, nanoparticle.

2. Experimental Method

2.1 Sample Preparation

The 7Zny sMng sFe,O, particle was prepared by using a combined coprecipitation-sonochemical method
using natural iron sand as a primary raw material. The ir@) sand, was taken from Sine Beach
Tulungagung - East Java Indonesia, was extracted and purified by using a magnetic separator to obtain
the Fe;O, powder following our previous works [10.11]. The process of the powder was reacted with
HCI (Merck, PA) to form a FeCl, and FeCl; solution tracking our previous experiments [12-14]. The
solution was then mixed with ZnCl, (Merck, PA) and MnCl,.4H,O (Merck, PA) by using a magnetic
stirrer. The process was continued by wisely dropping NH,OH (Merck, PA) and combined with the
sonochemical process by using an Ultrasonic Batch also at room temperature to obtain the black
precipitated sample. The precipitated sample was washed several times by using distilled water until it
reached a normal pH condition. Finally, the precipitated sample was filtered before drained at 100 °C
to obtain the Zn, sMn, sFe,O, particle.

Characterizations
e crystal structure was investigated using X-ray Diffractometry (XRD) with Cu-Ka radiation 1n the
range of 10° — 80°. The XRD data were analyzed by using Rietica program [15] based on Rietveld
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refinement approach [ 16] to obtain the phase purity, crystal structure, lattice parameters, and crystallite
size of the sample. The particles size, morphology and elemental composition of the sample were
investigated by means of Transmission/Scanning Electron Microscopy (TEM/SEM) combined with
energy-dispersid spectroscopy (EDS). The magnetic properties of the sample, as well as saturation
magnetization, coercive field, and remanent magnetization, were characterized by using Vibrating
Sample Magnetometer (VSM) at room temperature. Finally, the performance of the sample as a radar
absorbing material was investigated by using vector network analyzer (VNA) at a frequency in the
range of 8 - 12 GHz.

3. Results and Discussion
The chemical reaction of the Fe;O, from iron sand dissolved in HCI tracks the following equation of
reaction [17].

Fe,0, +8HCI —2FeCl, + FeCl, + 4H,0 )

From reaction (1), the metal salt solution containing Fe*" and Fe?* can result only through one step
of reacting natural Fe;O, with HCL. The prepared solution from the first reaction was then mixed with
7ZnCl, and MnClL.4H,O, and then reacted with NH,OH by dropping process to form the
Zny sMng sFe,Oy particle. The sonochemical route was also applied to reducing the agglomerated
particles of the sample during the precipitating process. The detail of the chemical reaction is
presented 1n equation of reaction (2). The remained or unwanted product in this reaction was removed
by a washing process using distilled water for several times to achieve a normal pH condition and then
followed by a heating process at 100 °C,

4(2FeCl, + FeCl, + 4H,0) +3ZnCl, + 3MnCl, 4H,0 + 44NH,0H —

(2)
6Zn, Mn,Fe,0, + 44NH,Cl + 50H,0
The obtained Zm,_ng._sFa).; particle was characterized using XRD to mvestigate the phase purity,
crystal structure, as well as lattice parameter and crystal volume, and also crystallite size. The XRD
pattern of the Zn, sMny sFe;Oy particle is presented in Figure 1.
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Figure 1. X-ray diffraction pattern and of the ZngsMn, sFe,O, particle
synthesized by the coprecipitation-sonochemical method

The XRD data as 1illustrated in Figure 1 were analyzed qualitatively and quantitatively. From the
qualitative analysis, the Zng sMny sFe,O, particle formed a single phase without impurity. Meanwhile,
from the quantitative analysis, the Zn, sMn, sFe,O, particle built a spinel crystal structure in the cubic
system. The measured XRD data and the Rietveld refinement plot are, respectively. shown by the
circles and solid line. The lattice parameter of the crystal can be calculated using the following
equation [18].

3)

|

Where a, A, (hkl), and € represent the lattice parameter, wavelength of X-ray, Miller indices, and
Bragg angle, respe@ively. For this case, the lattice parameter is @ = b = ¢, and the crystal volume is I”
=a x b x ¢ as the cubic structure with the space group of F' d -3 m Z. From the quantitative analysis,
the Zng sMny sFe,Oy particle has the Bittice parameters and crystal volume of approximately 8.401 A
and 592.9 A’ respectively. These are in excellent agreement with the results reported by other
researchers [ 19,20].
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Figure 2. FWHM fitting (solid line) of the Zn,;Mn,Fe,0, XRD
pattern (circle) synthesized by the coprecipitation-sonochemical
method

Based on Figure 2, the crystallifg)size of the ZnysMn,sl'e,O, particle was calculated by using
Debye-Scherrer’s formula to ensuregat the particle formed in nanometric size. The fitting result of
the FWHM for the highest peak 1s presented in Figure 2. The equation (4) represents the Debye-
Scherrer’s formula [21].

Do K.A
Post

)

Where D is the crystallite size (nm), K is the constant of 0.9, & is the Bragg angle (degree), f is
the excessive line broadening (rad), and A is the wavelegith of X-ray (0.15406 nm). From the data
analysis in this experiment, the crystallite azc of the Zn,sMn,ske,O, particle prepared by the
coprecipitation-sonochemical method 1s 10.7 nm. This result is quite similar to the crystallite size of
the Zny sMn, sFe,O, prepared by precursor-based combustion method [22]. It means that the combined
method is effective and efficient to prepare ZngsMngsFe,O, particle in nanometric size from local
natural iron sand. Furthermore, the particle size is also compared to the TEM characterization of the
Zny sMny sFes0y nanoparticle as shown in Figure 3.
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Figure 3. TEM image of the ZngsMng;sFe,O; nanopart
synthesized by the coprecipitation-sonochemical method

Based on Figure 3. it is clear that the prepared Zn, sMn, sFe,O, nanoparticle in this experiment has
nanometric size. Quantitative analysis of the TEM image presented that @ average particle size of the
Zny sMng sI'e>Oy nanoparticle is 8.7 nm with a standard deviation of 2.4 nm. This result is close to the
size calculated from the XRD data. In this work, the Zn, sMn, sFe,O, nanoparticle from iron sand has
smaller particle size than that of Zn, sMn, sFe,O, nanoparticle from commercial precursors prepared by
microwave induced urea nitrate and coprecipitation processes [23.24]. The ZngsMnysFe O,
nanoparticle had a tendency to form a spherical shape with aggregation. The small particle size can
contribute the phenomenon of agglomeration in the magnetic nanoparticles.

5.0 Fe

Element

* OK 13.53 35.65
kel O AMK | 08.52 06.54
- FeK 68.41 51.65
ZnK 09.54 06.15
Matrix Correction | ZAF

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.0
Energy - keV

Figure 4. EDS Spectra and elemental quantification of the Zn,sMn,sFe Oy
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nanoparticle synthesized by the coprecipitation-sonochemical method

(c) (d) (e)

Figure 5. EDS Mappings of (a) all elements, a) Zn, (¢) Mn, (d) Fe, and (e) O for the
7Zn, sMn, sFe,0, nanoparticle synthesized by the coprecipitation-sonochemical method

The result of Rietveld analysis of the XRD data for the 7ZngsMn,sFe,O, nanoparticle became
physical evidence that the Mn and Zn ions successfully substituted Fe ion in the crystal structure. In
arder to enhance our knowledge about the composition and distribution of the metallic elements and
oxygen, further investigation was also carried out by using SEM combined with the EDS. The
investigation resulted in EDS spectra, elemental quantification as shown in Figure 4, and also
elemental mapping for all elements and individual element as presented in Figure 5. From the data, the
selected elements such as iron, zine, manganese, and oxygen tended to distribute randomly in all space
of the material. Furthermore, the distribution of iron was dominant because it has the highest
composition. Interestingly, the atomic composition of zinc and manganese was quite similar
representing that the theoretical calculation (Mn : Zn = 0.5 : 0.5) was appropriate for the experimental
data.
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Figure 6. Magnetization curve of the Zn, ;Mn, ;Fe,O, nanoparticle
synthesized by the coprecipitation-sonochemical method

Figure 6 presents the magnetization curve M(/) of the Zn,sMn,sFe,O; nanoparticle at room
temperature with the magnetic field (/7) in the range of -1 to 1 T. Qualitatively, the M(f7) curve of the
71y sMng sFe,O, nanoparticle displays S profile with the remanent magnetization (M,) and the coercive
force (H,.) values whih are nearly neghgible. Therefore, these characters pomted out that the
Zny sMng sFe,O, nanoparticle demonstrates a superparamagnetic character [25]. Moreover, to study the
magnetic properties comprehensively, the quantitative analysis of the M(/) curve was conducted via
fitting analysis. The data analysis was done by employing Langevin function according to the
following equation [26].

M =M,| cotn| 2L |- KsL (5)
kT ) uH

Where M 1s the magnetization, M, is the saturation magnetization, g is the magnetic moment, /7 is
the magnetic field, &z 1s the Boltzmann constant, and 7" is the temperature. The solid line and star
represent the fitting model and experimental data, respectively. The theoretical calculation fits the
experimental data well with the R-square of 99.8%. From the result of data analysis, the M, and
1/ kT values were approximately 43 emu/g and 40, respectively. The saturation magnetization value
of the ZngsMnysFe,Os nanoparticle prepared in this work is higher than that of Mn-ZnFe,O,
nanoparticles reported by other researchers [23.27]. The saturation magnetization of the
Zny sMng sFexOy in the nanoparticle is lower than that of the bulk as ascribed to the particle size. The
saturation magnetization of the spinel-structured materials such as Zny sMny sFe>O, nanoparticle can be
determined from the magnetic moments of individual ion, the ions distribution in the spinel crystal
structure, and the exchange interaction between tetrahedral and octahedral positions.
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Figure 7. The reflection loss of the ZnysMngsFe,O4 nanoparticle
synthesized by the coprecipitation-sonochemical method at the frequency
ranged from 8 — 12 GHz

Figure 7 exhibits the reflection loss character of the Zny sMny sFe-O, nanoparticle at a frequency
ranging of 8 — 12 GHz. The reflection loss of the material which represents the ability to absorb
electromagnetic wave can be determined by employing the following mathematical expression [28].

=
n 0 (6)

Z +Z,

n

a
RL =20log

Where RL, Z, and Z;, are the reflection loss (dB), the characteristic impedance of free space, and
input impedance, respectively. The characteristic impedance and the input impedance are presented in

equation (7) and (8).

Z,= [”]2 %)

&y

by | =

z, ={ﬁlmﬂ1{12—ﬂﬁms,)}] ®)
g, c

Where £, and & represent the complex permeability and permittivity, f represents the frequency of

operation, t represents the thickness of the sample, and ¢ is the light velocity.
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Based on Figure 7, there were two reflection losses of the absorption peaks at frequencies of
approximately -7.0 dB and -11.0 dB at 8 GHz 10.8 GHz, respectively. The electromagnetic wave
absorption after calculating reaches about 80 % at the highest peak frequency of 10.8 GHz with a
thickness of 1.0 mm. Low reflectivity of the material makes excellent absorption performance. It
means that the strongest performance of the 7ngsMngsFe;O, nanoparticle in term of absorbing
electromagnetic wave is -11.0 dB at the frequency of 10.8 GHz. Therefore, the Zn,sMn,sFe O,
nanoparticle prepared by a coprecipitation-sonochemical method in this experiment exhibits its
sustainability as a radar absorbing material, especially for military purposes. Usually, the radar
absorbing materials for military applications are maintained at a frequency in the range of 8 to 12 GHz
|8]. The materials should have magnetic and dieleciric characters with proper impedance and
interaction with the electromagnetic energy to give a high performance in absorbing electromagnetic
wave.

4. Conclusion

The ZnysMny sFe,O, nanoparticle was successfully prepared by employing a mixed coprecipitation-
sonochemical method using iron sand f§Jthe core precursor. From the XRD data analysis, the
Zny sMng sFe,Oy partica formed a spinel cubic structure in a single phase with the particle size in
nanometric scale and a lattice parameter of approximately 8.401 A. Furthermore, the data analysis of
the M(H) curve presented that the Zn, sMn, sFe,O, nanoparticle has a superparamagnetic behavior with
the saturation magnetization of approximately 43 emu/g. Finally, the data analysis of the reflection
loss as a function of frequency showed that the Zn,sMn,sFe,O, nanoparticle performs a radar
absorbing material with the absorption performance of -11.0 dB at the frequency of 10.8 GHz.

5. References

[1] Kefen K K, Msagat T A M and Mamba B B 2017 Ferrite nanoparticles: Synthesis,
characterisation and applications in electronic device Mater. Sci. Eng. B 215 37-55

[2]  Jasso-Teran R A, Cortés-Hernandez D A, Sanchez-Fuentes H I, Reyes-Rodriguez P Y, de-
Leon-Prado L. E, Escobedo-Bocardo J C and Almanza-Robles J M 2017 Synthesis,
characterization and hemolysis studies of Zn,, Ca,I'e;O, ferrites synthesized by sol-gel for
hyperthermia treatment applications J. Magn. Magn. Mater. 427 241-4

3] Bashir B. Shaheen W, Asghar M, Warst M I, Khan M A, Haider S. Shakir I and Shahid M
2017 Copper doped manganese ferrites nanoparticles anchored on graphene nano-sheets for
high performance energy storage applications J. Alloys Compd. 695 881-7

[4]  Akhtar M N, Khan M A, Ahmad M, Nazir M S, Imran M, Ali A, Sattar A and Murtaza G 2017
Evaluation of structural, morphological and magnetic properties of CuZnNi
(CuZny 5 Ni sFe,O,) nanocrystalline ferrites for core, switching and MLCI’s applications J.
Magn. Magn. Mater. 421 260-8

[5] Zeng T, YuM, Zhang H, He 7, Zhang X, Chen J and Song S 2017 In situ synthesis of cobalt
ferrites-embedded hollow N-doped carbon as an outstanding catalyst for elimination of
organic pollutants Sci. Total Environ. 593-594 286-96

[6] Wu X, Yan S, Liu W, Feng Z, Chen Y and Harris V G 2016 Influence of particle size on the
magnetic spectrum of NiCuZn ferrites for electromagnetic shielding applications J. Magn.
Magn. Mater. 401 1093-6

[7]  Akhtar M N, Rahman A, Sulong A B and Khan M A 2017 Structural, spectral, dielectric and
magnetic properties of Ni, Mg, Zny 5 Fe.0, nanosized ferrites for microwave absorption and
high frequency applications Ceram. Int. 43 4357-65

[8]  Folgueras L de C, Nohara E L, Faez R and Rezende M C 2007 Dielectric microwave absorbing
material processed by impregnation of carbon fiber fabric with polyaniline Mater. Res. 10
95-9

[9] Darminto, Cholishoh M N, Perdana F A, Bagiya M A, Mashuri, Cahyono Y and Triwikantoro
2011 Preparing Fe;O, Nanoparticles from Fe”' Tons Source by Co-precipitation Process in




The 4th International Conference on Advanced Materials Science and Technology IOP Publishing

IOP Conf. Series: Materials Science and Engineering 202 (2017) 012024 doi:10.1088/1757-899X/202/1/012024

[10]

(1]

[12]

[13]

[14]

[15]
[16]

[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Various pH AIP Conference Proceedings The 4th Nanoscience And Nanotechnology
Symposium (Nns2011): An International Symposium vol 1415(AIP Publishing)pp 234-7

Taufiq A, Sunaryono, Rachman Putra E G, Okazawa A, Watanabe I, Kojima N, Pratapa S and
Darminto 2015 Nanoscale Clustering and Magnetic Properties of MnyFe;.Oy Particles
Prepared from Natural Magnetite .. Supercond. Nov. Magn. 28 2855-63

Sunaryono, Taufiq A, Munaji, Indarto B, Triwikantoro, Zainuri M and Darminto 2013
Magneto-elasticity in hydrogels containing Fe304 nanoparticles and their potential
applications AP Conf. Proc. 1555 53-6

Taufiq A, Sunaryono, Rachman Putra E G, Pratapa S and Darminto 2015 Nano-Structural
Studies on Fe;0, Particles Dispersing in a Magnetic Fluid Using X-Ray Diffractometry and
Small-Angle Neutron Scattering Mater. Sci. Forum 827 2138

Sunaryono, Taufiq A, Putra E G R, Okazawa A, Watanabe I, Kojima N, Rugmai S,
Soontaranon S, Zainuri M, Triwikantoro, Pratapa S and Darminto 2015 Small-Angle X-Ray
Scattering Study on PVA/Fe304 Magnetic Hydrogels Nano 11 1650027

Sunaryono, Taufig A, Mashuri, Pratapa S, Zainuri M, Triwikantoro and Darminto 2015
Various Magnetic Properties of Magnetite Nanoparticles Synthesized from Iron-Sands by
Coprecipitation Method at Room Temperature Mater. Sci. Forum 827 229-34

Hunter B A 1998 Rietica - A visual Rietveld program Newsl. Int. Union Crystallogr. Comm.
Powder Difraction

Rietveld H M 1969 A profile refinement method for nuclear and magnetic structures J. Appl.
Crystallogr. 2 65-71

Malik Anjelh Baqiva, Ahmad Taufig, Sunaryono, Khuroti Ayun, Mochamad Zamuri, Suminar
Pratapa, Triwikantoro and Darminto 2017 Spinel-Structured Nanoparticles for Magnetic and
Mechamecal Applications Magnetic Spinels: Synthesis, Properties and Applications
(InTechOpen) pp 253-72

Cullity B D and Stock S R 2001 Elements of X-ray diffraction (Upper Saddle River, NI:
Pearson/Prentice Hall)

Murugesan C and Chandrasekaran G 2016 Structural and Magnetic Properties of
Mnl—x7nxFe204 Ferrite Nanoparticles .J. Supercond. Nov. Magn. 29 2887-97

Li M, Fang H, Li H, Zhao Y, Li T, Pang H, Tang J and Liu X 2017 Synthesis and
Characterization of MnZn Ferrite Nanoparticles with Improved Saturation Magnetization J.
Supercond. Nov. Magn. 1-7

Ahmad S, Riaz U, Kaushik A and Alam J 2009 Soft Template Synthesis of Super Paramagnetic
Fe304 Nanoparticles a Novel Technique J. /norg. Organomet. Polym. Mater. 19 355-60

Kundaikar G V S, Tangsali R B, Pissurlekar V J, Budkuley J S and Naik P P 2016 Synthesis of
Uniform Size Superparamagnetic Grains of MnZn, Fe,O, Ferrites by Precursor-Based
Combustion Method J. Supercond. Nov. Magn. 29 789-94

Maleknejad Z, Gheisari K and Raouf A H 2016 Structure, Microstructure, Magnetic,
Electromagnetic, and Dielectric Properties of Nanostructured Mn—7n Ferrite Synthesized by
Microwave-Induced Urea—Nitrate Process J. Supercond. Nov. Magn. 29 2523-34

Venkataraju C and Paulsingh R 2014 FTIR and EPR Studies of Nickel Substituted
Nanostructured Mn 7Zn Ferrite J. Nanosci. 2014 1-5

Rameshbabu R, Ramesh R, Kanagesan S, Karthigeyan A and Ponnusamy S 2014 Synthesis and
Study of Structural, Morphological and Magnetic Properties of Znke,O, Nanoparticles J.
Supercond. Nov. Magn. 27 1499-502

Cullity B D and Graham C D 2008 Introduction to Magnetic Materials (Hoboken, N.J: Wiley-
IEEE Press)

Kareem S H, Shamsuddin M and Lee S L 2016 Effect of Precipitation Temperature on
Structural and Magnetic Features of Polyethylene Glycol-Coated MngsZngaFe O,y
Nanoparticles J. Supercond. Nov. Magn. 29 2691-7




The 4th International Conference on Advanced Materials Science and Technology IOP Publishing
IOP Conf. Series: Materials Science and Engineering 202 (2017) 012024 doi:10.1088/1757-899X/202/1/012024

[28] Mu G. Chen N, Pan X, Shen H and Gu M 2008 Preparation and microwave absorption
properties of barium ferrite nanorods Mater. Lett. 62 840-2

Acknowledgments

The authors would like to thank the DRPM, KEMENRISTEKDIKTI, Republic of Indonesia for
providing the “research grant” for AT 2016-2017.




Preparation of Superparamagnetic

ORIGINALITY REPORT

17. 10, 16+  12.

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

eprints.uny.ac.id

Internet Source

[£

A Taufig, R E Saputro, Sunaryono, N Hidayat, A

Hidayat, N Mufti, M Diantoro, A Patriati,
Mujamilah, E G R Putra, H Nur. "Fabrication of
Magnetite Nanoparticles Dispersed in Olive Oill
and Their Structural and Magnetic
Investigations", IOP Conference Series:
Materials Science and Engineering, 2017

Publication

2

M Diantoro, Z Muniroh, B Zaini, A A Mustikasari,
Nasikhudin, A Hidayat, A Taufiq, Sunaryono, N.
Mufti. " Effect of NiO and Light Intensity on
Dielectric Constant of SiO -B O -Bi O -Na CO
Glass Based on Silica Gel of Natural Sands ",
|IOP Conference Series: Materials Science and
Engineering, 2017

Publication

2%

Cheng Li, Hui Wang, Jia Gao, Huan Li,
Guosong Wang, Song Pan, Wenjing Fan, Kexiu

1o



Liu, Chen Zhao, Anxiang Qi. "Data analysis of
the high frequency surface wave radar during

typhoon Chan-hom", IOP Conference Series:

Earth and Environmental Science, 2017

Publication

A Taufiq, D Yuliantika, Sunaryono, N Hidayat, M
Diantoro, Mujamilah. " Nanopowder and
Magnetic Fluid Synthesis of Zn Fe O Particles
and Their Structural and Magnetic Behaviors ",
Journal of Physics: Conference Series, 2018

Publication

1o

Munasir, A S Dewanto, A Yulianingsih, | KF
Saadah, Z A | Supardi, A Mufid, A Taufig. "
Composites of Fe O /SiO from Natural Material
Synthesized by Co-Precipitation Method ", IOP
Conference Series: Materials Science and
Engineering, 2017

Publication

1o

Muchlis Fajar Hidayat, Sunaryono, Suijito,
Nandang Mufti, Eny Latifah. " Study on
Distribution of Magnetite (Fe3-xMn O ) Filler in
Fe Mn O -PEG/PVA/PVP Magnetic Hydrogel by
Using Twolognormal Function Analysis ", IOP
Conference Series: Materials Science and
Engineering, 2019

Publication

1o

Nur Millaty Abadiah, Defi Yuliantika, Yuanita

1o



Amalia Hariyanto, Rosy Eko Saputro, Masruroh,
Ahmad Taufiq, Siriwat Soontaranoon. "
Nanostructure, Band Gap, and Antibacterial
Activity of Spinel Fe MO /OO Magnetic Fluids ",
|IOP Conference Series: Earth and
Environmental Science, 2019

Publication

n www.mdpi.com 1 .
Internet Source A)

Exclude quotes On Exclude matches <1%

Exclude bibliography On



	Preparation of Superparamagnetic
	by M Munasir

	Preparation of Superparamagnetic
	ORIGINALITY REPORT
	PRIMARY SOURCES


