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ARTICLE INFO ABSTRACT

15
Electronic properties of composite Fe;0, carbonaceous absorber materials were obtained by using X-ray pho-

Keywords:

XPS toelectron spectroscopy (XPS), reflection electron energy loss spectroscopy (REELS), and Fourier transforms
REELS infrared spectroscopy (FTIR). The bandgap of composite was increasing slightly from 2.5 eV for 10% activated
FTIR carbon (AC) to 2.9 eV for 25% AC. The increase in the band-gap of the composite confirms; the bonding for-

Reflection loss
Magnetic loss

mation by the charge transfer complex between surface hydroxyl groups of Fe;0,4 and carbonaceous in the form
of AC particle. From the REELS, XPS, and FTIR shows effective orbital hybridization between the 2p(0), n(C)

orbitals of amorphous carbon and 3d (Fe) orbital of Fe;0,4 could lead to strong bonding formation of O-C-Fe; ,-O.

For all composites shows rel

ion loss (R) values less than -10 dB can be designed to attenuate EM wave, thus

the composites in this study are very promising for new types of EM wave absorptive materials.

1. Introduction

Composites metal oxide and carbonaceous are promising materials
for an absorber electromagnetics (EM) waves, heterogeneous catalysts,
pharmaceutical, biomedical and cosmetic formulations, and photo-
catalyst applications [1-6]. Absorber applications have high attention
due to environmental viability with good organic bonding chemical
stability. In order to increase this physical phenomenon, an alternative
material is proposed and investigated for replacement of conventional
of bio-carbon and reducing magnetic properties. The basic criteria for a
bio-carbon are including organic linker that will effectively stable in
absorbing EM waves, chemical stability in contact with metal oxide
materials, and a low density (light) [1,5]. Among many possible can-
didates, carbonaceous materials in the form of activated carbon (AC)
are promising candidates for increasing organic linker and reducing
magnetic properties of metal oxides [2,6]. Even though they have lower
magnetic properties, they are relatively easy for breaking bond at sur-
face during operation as absorber material, and hence needed for fur-
ther improvement. For this reason, carbonaceous in the form of acti-
vated carbon (AC) usually amorphous solids with large internal surface
areas and pore volumes have been intensively studied because of their
structural properties. Furthermore, the incorporation of AC into metal
oxides helps for stabilizing an amorphous metal carbonaceous struc-
ture, reducing magnetic properties, and to avoid the formation of
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unstable bonding at the surface of bio-metal composites. There are two
main parameters for us to consider in increasing the organic bonding
stability. The first parameter is the effective orbital hybridization be-
tween surface carbonaceous and metal oxide, and the second parameter
is interfacial charge transfer complex formation and bonding formation
between electron from carbonaceous and metal oxide. Hence, the in-
terfacial charge transfers complex formation and bonding formation are
the most fundamental properties needed in characterizing the absorber
materials. In addition to the strong bonding formation is a potentially
stabilizing the absorber material during operation. To get a clear insight
into the struc properties for bio-metal composites, a better un-
derstanding for the chemical and electronic structure of amorphous
metal carbonaceous is necessary, e.g., we need to characterize their
electronic structures such as bonding formation in nanometer-scale
spatial resolution.

Due to high complexion bonding at the surface of AC with Fes0,, it
can be utilized pore of AC as a linker for composite Fe;04-AC. Despite
light harvesting, the problem with surface attached organic linker is
highly unstable under the operating conditions for absorber electro-
magnetic application and the bonding formation can be break out
during absorption of EM [3,5-7].

In order to use Fey0, carbonates for absorber materials, they should
have stable bonding bio-metal oxide surface complex to inhibit the
stable carbonaceous bonding for absorber EM. Development of stable
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bonding between FesO4 and AC is essential in understanding stable
bonding organic-inorganic metal oxide for absorber materials. So far,
bonding formation and magnetic properties of Fe;0, have not been
experimentally investigated ad tely. In the our previous work,
electron spectroscopy (XPS and REELS) has been successfully used to
analysis electronic properties of dielectric materials, semiconductor,
metal and their oxide, transparent oxide materials, polymer, and
composite metal-silicate [5-21]. Hence, we would like to investigate
the bonding formation of Fe;04-AC composites by using X-ray photo-
electron spectroscopy, Fourier transform infra-red spectroscopy, re-
flection electron energy loss spectroscopy, magnetic properties by vi-
brating sample magnetometer (VSM), and absorption characteristic by
VNA measurements.

2. Materials and methods

Iron (I, I} oxide nanopowder (Fe304) was purchased from Sigma
Q:Irich with particle size is 50-100 nm and trace metals basis is 97%.
ctivated carbon (AC) supplied from the local company PT. Cahaya
Indo Abadi Indonesia with sizing an average diameter < :10 pm, purity
= 95%, surface area: > 240m/g. PVA (Polyvinyl Alcohol) purity
99.5% was purchased from Merck.

Activated carbon (AC) was crushed into powder by using a mortar
and ERved with 200 meshes. For homogeneous composites, the Fey04
was mixed with AC by Retsch MM for 30 min at frequency 10 Hz, which
was controlled by X-ray fluorescence (XRF). We made 2 samples for
each composition, the first sample we used to determine the minimum
mixed time for producing a homogeneous composition which was
measured by XRF for every 5 min. We found the total mixing times for
all samples shows homogeneous composition is 25 min. The second
sample is used for characterization and analysis in this study by mixing
directly for 30 min. The final mass of each sample is 15 g in composite
that cof of 10%, 15%, 20%, and 25% of AC.

For REELS spectra were obtained by using the VG ESCALAB
which was described in detail in our previous paper [5-11,13-22].
tra were measured using Mg source with the pass energy of 20 eV.

The incident and take off angles of electrons were 55° and 0° from the
surface normal, respectivel ELS were measured with the primary
electron energy of 1.5 keV for excitation. The full at half max-
imum (FWHM) of the elastic peak was 0.8 ¢V with the constant analyzer
pass energy of 20 eV.

FouriefRansforms Infrared (FTIR) spectroscopy was carried out on
[RPrestige-21 FT-IR spectrometer (Shimadzu Corp) equipped with a
bright ceramic light source, a KBr beamsplitter, and a deuterated tri-
glycine sulfate doped with r-alanine (DLATGS) detector. The measure-
ments of the sample were collected over the range of 4000-600 cm ™'
and 16 co-added scans. All spectra of FTIR were in Transmittance units.
For magnetic studies was performed by a vibrating sample magnet-
ometer (Oxford Instruments, VSM 1.2 H).

For Electromagnetic wave absorber performance, the samples
should be in the pellet form and was measured by using Vector Network
Analyzer (VNA) (Rohde & Schwarz. ZVHB) with the frequency ranges
from 2,5 GHz to 8 GHz. The samples {powder form) were added 5 mL in
2% concentration of PVA for each sample and poured into the beaker.
Stirred samples for 30 min at 50 °C to obtain slurry form. The samples
were pellet with the thickness was varied; 2 mm, 3mm, and 4 mm by
using hydraulic com at a pressure of 50 kPa then it was cooled
naturally for 5 - 7 min. Samples were annealed in a fumace at 80 "C for
5h.

g&esu]ts and discussion

Fig. la shows the Fe 2p photoelectron core-level spectra for Fes0,
and composite materials. One of Fe 2d spectra is characteristic of fully
oxidized f Fe?* and Fe®* for Fe;0, (alternative expressed
FeO.Fe,04). The binding energies of Fe 2p,,, and Fe 2p,,, peaks has
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measured in this study at 724. d 710.6 eV, respectively. Two
peaks (Fe 2p; ,» and Fe 2p;,,) have the spin-orbital splitting (BE Fe 2p, .,
- BE Fe 2p5, 13.5 eV which is similar reported in Ref. [1,3,21]. For
composites, the binding energy of Fe 2p qualitatively shows the same
information with the binding energy of Fe;04 even the contents of AC
increase up to 25% in composites. It's indicated that the FesO4 has a
strong effect in the composites.

Fig. 1b shows REELS g for AC, Fe304, and composites. From
the low energy loss spectrum, the band gap is defin the intercept of
the background level indicated by the horizontal line with the max-
imum negative slope near the edge values (as can be in Fig. 1b for
25% AC, the arrow denotes the band gap energy). The method was
described in our previous paper [8-11,13-22]. We found a band gap
value for AC is 4.5eV, Fes04 is 2.4 €V and composites are slightly in-
creased from 2.5 eV for 10% AC to 2.9 eV for 25% AC. In spite of the
addition of AC elements in Fe30, within certain range, composites band
gap values changed slightly due to the high bandgap of AC, ilar
reported in Ref [2,6,22]. For Fe;04 magnetic oxide materials, the loss
peak position for the electrons traveling in id appear at 8, 24, and
58 eV A peak at 8 eV shows strong peak may correspond to excitation of
d electrons 2 eV below Ej to state 5.5 above Eg as reported in Ref. [15]
for Pd. Peak around 24 eV away from the elastic center shows broad
peak correspond to bulk plasmon. Small peak for composites appears at
58 eV mainly originated from Fe;04 magnetic oxide which correspond
to excitation of Fe 3p electron with binding energy 53 €V to unoccupied
state above EF as reported in Ref.[15] for Fe and Pd. For AC, peak
around 8 eV is typical for the n plasmon (surface plasmon) for poly-
meric materials as reported in Ref. [10] correspond to collective ex-
citation at surface area. For the Fe,04rich carbonate, the surface
plasmon peak at about 8 eV takes advantage of the intensity relative
the contribution from Fe304. The REELS spectrum for Fe;O4 shows a
broad peak at 24 eV correspond to the combination of the o+ n plas
{bulk plasmon) and 2p of O electrons as reported in Ref. [10,11] an
the shoulder @ at 58 eV correspond to excitation of Fe 3p electrons.
The width at the ?et of the loss peak for carbonates is the widest.

Band gap also defined as the energy difference between the top of
the valence band and the bottom of the conduction band. The band gap
of composites in this study is dependent of carbonaceous content in
composites up to 25% AC. The band gap of Fe;0, can be tuned by
changing the concentration of AC as organic linker. The increase in the
band-gap of bio-metal oxide composite confirm; the strong bonding
formation by the interfacial charge transfer complex between surface
hydroxyl groups of Fes04 and carbonaceous (AC) particle (It was con-
firmed by FT-IR spectra (see Fig. 4)). This indicated the effective orbital
hybridization between the n(C) orbitals of amorphous carbon from AC
and 3d (Fe) orbital of Fey0, and 2p (0) from both of AC and Fe 0,
resulting strong ing formation of O—C—Fe,_-O.

Fig. 2 shows the O 1s and core level spectra for AC, Fe;0,4 and
nano-composite. For AC, the s core level spectra shows peak
mation C—0, and C—OH bonding located at 531.21 eV and 532.99 eV,
respectively. The O 1s core level spectra for Fe304 shows bonding for-
mation Fe—0, Fe—0—C, and Fe—OH located at 52,949 eV, 531.01 eV,
and 532.60 eV, respectively. For composites shows the peak —0
and C—OH are located at the same position but the intensity Increase
with increasing the amount of AC in composites probably due to the
influence of Fe** in the hydroxide (Fe—OH and C—OH) matrix. The O
1s chemical bonding formation in composites depends on the number of
second-nearest neighbor Fe or C atoms. From the XPS information, the
binary deposit is e, denoted as O-C-Fe,. 0 By investigating the
chemical bonding 1s, C 1s core level spectra using XPS, the Fe;04
and AC composites formation was confirmed from XPS and REELS
spectra.

Carbonaceous molecules and Fe;0, chemical bonding formation
was analyzed by FT-IR spectroscopy. The FT-IR spectra of pure AC,
Fey0,, and bio-metal oxide composites are displayed in Fig. 3. As

been reported by many reseal\%l: the value similar with were
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Fig. 1. (a). Fe 3d core level photoelectron spectra for Fe;0, and composite Fe,0,- AC (activated carbon) (10% AC, 15% AC, 20% AC, and 25% AC). (b). Reflection
electron energy loss spectra for Fe;04 and composite Fe;04-AC (activated carbon) (10% AC, 15% AC, 20% AC, and 25% AC) at primary energy 1500eV.
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Fig. 2. 0 1s and C 15 core level photoelectron spectra for Fes0, and composite Fe;04-AC (activated carbon) (10% AC, 15% AC, 20% AC, and 25% AC).

e —_— Table 1
Fe,0, c=C \/\‘ Magnetic properties for AC, Fes0,, and composite Fez0,-AC (activated carbon)
) ) 1 Fe-Q (10% AC, 15% AC, 20% Hd 250 AC) determined from the Fig. da.
_—
$ AC OH con ocC . Samples He( £ 0.05 My ( + 0.05emu/g)  Mg( = 0.05emuw/g)
— .
Py — e AC 225.84 011 0.44
< M_u\/\' Fey0,4 251.72 21.452 93.688
5 10% AC Fe-O-C 10% AC  250.30 18.193 77.277
= ' ! mp——— : : "'\/I\; 15% AC 24583 16.255 68.689
- 20% AC  236.38 16.179 67.640
g 15% AC 25% AC 22693 15.506 62.247
E) L 1 1 L I 1 1
£ lowac A
= . ) ) . . , , shown in Fig. 3, the characteristic peaks ofcan;aceous are as follows:
__,.__\/\J bending vibrations C—OH appeared at 1049 ecm ~ and C=C stretching
25% AC vibrations appeared at 1586 cm ™ '. Moreover, FT-IR spectra for com-
' : : - - - - posites shows existing peak of C=C cm ™' with normal stretching and
4000 3500 3000 2500 2000

Wavenumber (cm

Fig. 3. Fourier transform infrared spectra for Fe;04 and composite Fe;04-AC

500 1000 500
_f)

(activated carbon) (10% AC, 15% AC, 20% AC, and 25% AC).

49

bending vibration of carbonaceous (AC) molecules [2,6,23,24]. It is
clearly demonstrated that the pore of AC molecules strongly bonding

with metal oxide and

it forms the stable bonding carbonaceous metal

oxide. However, the peak appeared at in the range of 500-700 cm ™!
mainly attributed for Fe—O—C bonding between Fey0, and




D. Tahir et al.

—— Activated Carbon (a)
100
Fe O
— L
__En AC 10%
= —AC 15%
£ S0fF—ac2%
= ——AC25%
=
3 :
o
i 02 ‘
S s0fb |
) |
= 02 |
: 04 |
100 T T
L i L i i L i I}
-10000 -5000 a 5000 10000

H (Oe)

Journal of Electron Spectroscopy and Related Phenomena 229 (2018) 47-51

AC 20% -
AC 20% - 3 mm
AC 20% - 4 mm
—cm=AC 25% - 2mm

—— AC 10%% - 3 mm
e A 1P - 4 i
—ue=AC 15% - 2 mm

Reflection Loss (dB)

20 = C 15% - 3 mm o AC 25% - 3 mm
— A 1 5% - 4 o A 35% - 4 mm
1 1 1 1 1 1
1 2 3 4 5 -] T B
Frequency (GHz)

Fig. 4. (a). Magnetic properties for Fe 0, and composite Fe;0,-AC (activated carbon) (10% AC, 15% AC, 20% AC, and 25% AC). (b). Reflection loss properties for

composite Fe;0,4+-AC (activated carbon) (10% AC, 15% AC, 20% AC, and 25% AC).

Table 2
Reflection Loss (RL) properties for AC, Fe;04, and composite Fe;04-AC (acti-
vated carbon) (10% AC, 15% AC, 20% AC, and 25% AC) determined from the
Fig. 4b.

Sample Thickness {mm) RL (dB) Frequency (Hz) Bandwidth
AC 10% 2 —20.56 496 1.24
3 1652 426 1.09
4 —1477 420 1.14
AC 15% 2 —21.18 464 1.28
3 —17.88 422 1.21
4 —1890 4.40 1.35
AC 20% 2 —21.26 426 1.21
3 —18.29 3.08 1.23
4 —1852 3.87 1.26
AC 25% 2 —16.47 415 1.43
3 —1563 3.90 1.23
4 —14.34 404 117

carbonaceous molecules. These observations confirmed that the Fe;04
was strongly deposited in the pore of AC. The peaks appeared at 3438
and 2508 cm ! is related to the O—H ring vibration and C—0—H bond,
respectively. The very small peak at around 1400 cm ~! is related to
C—C bond vibration [23,24]. This C—C bond vibration peak confirms
that formation of the carbonaceous structure of composites. Similar
C—C bond vibration was reported in Ref [24] for polymeric materials.

It is interesting to note that the bonding formation can be controlled
via the maximizing the functional of the pore and concentration of AC
as organic linker. As increasing the AC concentration from 10% to 25 wt
% in the composites, the effective orbital’s mixing and the optical band
gap energy also increase.

The magnetic properties of Fe;04-AC bio-metal composite materials
were investigated at room temperature using a vibrating sample mag-
netometer with an applied field of -10k H = 10kOe. Fig. 4a
shows the hysteresis loops of the samples, ivity and saturation
magnetization values for all samples are listed in Table 1. The coer-
civity of Fe;04-AC composite materials decreased with the increasing
the amount of the carbonaceous particles in the composite. The de-
pendence ge saturation magnetization of Fe;04-AC composite ma-
terials are shown in Table 1. The saturation magnetization values of the
materials are 77.277, 68.689, 67.640, and 62.247 emu/g with the in-
creasing the amount of AC in composites. In this present study, we
found that bonding formation of metal oxides on AC via utilizing the
pore can effectively increase the stability bonding formation of com-
posites material. The resultant bonding formation Fe3O4 on carbonac-
eous material exhibits reduced magnetic properties and enhanced ab-
sorption (reflection loss). The stable bonding character of Fes04 in
carbonaceous via pore of AC may find different applications in many

other fields. @

Fig. 4b shows the reflection loss the composite for sample
thickness was varied from 2 to 4 mm. It indicates that the maximum
reflection loss reaches 21.26dB at 4.26 GHz for the absorber whose

ess is 2mm, for more details see Table 2. Bandwidth frequency
corresponding to the reflector loss at -10dB increased from 1.3 to
2.2 Gl ,25,26]. AC could effectively improve the electromagnetic
waves absorbing properties of the composites at the frequency range of
3.8GHz - 4.9GHz. The effect of thickne composites to the elec-
tromagnetic wave absorption properties 1n this study can be seen
clearly in Table 2. Reflection loss (R) values less than -10dB can be
desi to attenuate EM wave, thus the bio-metal composites in this
study are very promising for new types of EM wave absorber materials
[25,26]. The reflection 1 Fe304-AC composite is less than -10dB,
which is attributed to that the dielectric loss is significantly higher than
it is the magnetic loss [25,26] The stable bonding formation of Fe304 in
carbonaceous via pore of AC exhibits enhanced absorption (reflection
loss) and reduced magnetic properties.

4. Conclusions

In summary, we investigated the electronic structures and chemical
states for Fe;04 carbonates to find suitable absorber materials with
stable bonding via REELS, FTIR, and XPS analysis. The investigation
provided a useful guideline for the selection of an alternative replace-
ment for carbonaceous materials. The results showed that the stable
bonding state and the band gap increase slightly with increasing
amount of AC contents in Fe;0, carbonaceous composite.
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