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Table 1 Specifications of materials (wt.%)
C H N Si
Rice husk 4348 589 048 14
Rice husk ash 0.84 <0.1 <0.05 44
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Fig. 1

Result of changed the blending ratio of rice husk ash in BIC
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Fig. 2 Schematic view of graphite crucible cross-section

8 <3 (S45C) 5000 g . MNEEM & L C Fe-75mass%Si
G4 42g % Fig. 20 X H 1B 5213 (HAV v Kk
&k #15) WISk Y N Lize OB, ##EPIC BIC A3
FET27-08FEBICLY Eicky ML FOE
ATHLEZMZ 20 D DBOIT% E W HERRIFICT
1500C & CTH- & 8 A RIRBE T # 300sec #2557 H
SRR LaAA, a4l 54T -SPECTROLAB 12 T1L
SRR A A L 72,

KERHER

BIRBAMGE 2> S 35 3t & 0 5 IS AT AT A
A P20 ALFRBL DA R % Table 2 12789, AKRE BIC
R4 BIC & H 72 3 Tl ARG 2 S 8B 258 %
5, BIC IZ#Z X ) /3R ST D8, Wik - IR
A BIC & V7R TIEBIC A% 212N TH 7 ARIC R
D, 2OIZOREIFRY . T RIEMEITH) LB TE R
Motze Fo HREIKO C =R =D MR FIEES
Nhholze MERMEL/NE NI L HMRE - MRKIE
4 (50:50) BIC AR TOFHEIIATTHETH 5 LHIWT L 720

Z 2Ty CmAv49.92% & 0 IR AIR D =42 BIC &
Wt - Mekif A (50 0 50) BIC ZiE L 7282179
ZrEL7

Table 2 Chemical composition of cast iron (wt.%)

Elapsed time (min)| C Si  Mn P S N
35 <05 059 0614 00144 00085 0.012
40 <05 0.74 0597 0.0150 0.0089 0.014
45 <05 133 0567 00191 00123 >0.015
50 <05 110 0586 00171 00103 >0.015
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Table 3 Chemical composition of cast iron (wt.%)

Elapsed time (min.)| C Si  Mn P S N
25 333 1.75 0.6963 0.0198 0.0140 0.0040
30 341 194 0.6880 0.0215 0.0154 0.0024
35 342 203 0.6817 0.0215 0.0151 0.0021
40 343 214 06790 0.0224 0.0151 0.0024
45 348 221 06760 0.0225 0.0154 0.0027
50 347 228 06733 0.0227 0.0154 0.0028
55 340 234 06713 0.0232 00153 0.0031
60 342 237 06723 0.0233 0.0156 0.0036
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Fig. 3 The change of carbon and silicon amount in a case of
using blended BIC with casting (wto %)
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Table 4 Chemical composition, Tensile strength and
Brinell hardness of cast iron (wt.%)

C Si Mn P S N
3.29 2.33 0.6680 | 00203 | 00135 | 0.0044

Tensile strength (MPa) Brinell hardness (HB)
256 181

Fig. 4 Microscopic structure of cast iron (3wt. % Nital etched)
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Basic of Infrared Spectroscopy and Its Application in Bio-coke Research

Supitchaya Cherdkeattikul, Yusuke Morisawa, Tamio Ida

(Bio-coke Research Institute, Kindai University)

Introduction

Traditionally, solid biofuels have been utilized for
heating, household, and electricity applications, but
these applications alone might not be enough to solve
the carbon dioxide emission crisis. The Kindai bio-
coke (BIC) is similar to the traditional solid biofuels
such as wood pellets but differs in production and
functions. The BIC formation occurs under the sub-
critical water state, under about 20 MPa pressure,
and at temperatures lower than 200 degrees C. This
results in a greater reacted product that is useful in
the traditional uses for bio-fuels and extends to the
iron and steel industry. The essential characteristics
determination of the BIC product are similar to
other solid-biofuels from some perspectives, such
as transportation, but it is distinct in heating and
mechanical functions.

The chemical reaction during the material’s
transformation is the basis of the products’
characteristics. In the field of solid bio-fuel study,
the reaction between lignocellulosic components:
cellulose, hemicellulose, and lignin, is the fundamental
transformation. Therefore, chemical compositions
and their reactions are the heart of the material and
product property. Bio-coke research institute began to
study the reaction of lignocellulosic components under
BIC formation from various types of woods, agricultural
waste, etc., using the attenuated total reflectance
technique alongside the Fourier transform infrared
spectroscopy (ATR-FTIR). Some of the results have
been published in this article by Supitchaya et al. (1) .
The ATR-FTIR has been applied on the BIC surface
and the Japanese cedar raw material in these articles.

However, several spectroscopy procedures can be
applied in the BIC research. A basic understanding of

electromagnetic radiation is essential in spectroscopy

study. This article summarized the principal involved
in infrared spectroscopy and measuring techniques
that are useful for BIC transformation on the molecular

scale.

[Electromagnetic Radiation and Molecular
Vibration]

* Electromagnetic Radiation

Electromagnetic (EM) radiation contains a certain
amount of energy. The energy of the ultimate
indivisible unit of radiation is called “Photon”. All EM
move at the speed of LIGHT. All waves move at speed
equal to the wavelength times frequency. EM waves
are created when atoms or molecules drop from a
higher energy stage/level to a lower one (Emission).
On the other hand, absorption phenomenal occurs
when electrons absorb photons which causes them to
gain energy and jump to higher energy levels. The

energy of Photon (E) is defined as:

E=h- () (Eq.1)
where % = Planck’s constant = 6.63 x 107*, C =

speed of light, 1 = wavelength.

* Molecular Vibration

In the polyatomic molecule of organic material, two
or more atoms connect through a covalence bonding.
The molecule vibrates in normal modes (natural
vibration) when the molecule absorbs energy. The
number of the possible vibrational mode of a molecule
depends on the number of atoms (N) in a molecule.
The possible vibrational mode can be determined by
3N-5 for linear molecules and 3N-6 for non-linear
molecules. There are two main modes of molecular
vibration; stretching (symmetric and asymmetric) and

bending (scissoring, rocking, twisting, and wagging)
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vibrations. The possible vibrational modes shown in
the infrared spectrum of each molecule depend on the
dipole moment of the molecule. Each molecule has its
unique frequency vibration; thus, it will absorb energy

(photon) with the same frequency when it vibrates.

[Infrared Spectroscopy and Sampling
Technique]

* Infrared Spectroscopy

Infrared (IR) spectroscopy is one of the most
common analytical tools applied to study organic
materials by studying the interaction of an object and
electromagnetic light (radiation). The IR operates in
the infrared region of the electromagnetic spectrum,
ranging between 12800 to 10 cm™ (800 nm to 1 nm) .
The spectrum detected from the infrared region
is mainly the vibrational mode spectrum of the
molecule, but the electronic and rotational modes can
be detected as well (2). The molecule that has a
difference in electric dipole moment will appear in the
IR spectrum, called IR active, for example, O-H, C-H,
N-H, C-O bonds. The fundamental IR spectroscopy
involves Hooke's law, harmonic/anharmonic oscillator,
and transitional vibration energy level (derived
from Eq.1),
mechanics. Specific details are given in these textbooks
(3.4).
divided into three areas, near-infrared region (NIR,
12,800-4000 cm™), mid-infrared (MIR, 4000-400
and far-infrared (FIR, 400-10 cm™) with

which can be explained using quantum

Spectrum range in the IR region can be

cm'),
different applications and sampling techniques. MIR
and NIR spectroscopy are among the most suitable
tool for the quantitative and qualitative measurement
of solid organic materials, such as food and wood
products. Thus, these spectrometers are the most
qualified analytical tools for BIC's chemical reaction
investigation.

The MIR region provides the fundamental
mode information of the molecular vibrations. The
fundamental mode is the molecule’s transition that
exits from its ground state (v =0), where it lives at
room temperature, to the first excited state (v=1)

of vibrational energy states of the harmonic oscillator.

Yusuke Morisawa, Tamio Ida

The most common MIR spectrometer is Fourier-
transform infrared spectroscopy or FT-IR. In contrast,
the NIR detects bands that cause the transition from
the ground state to the 2nd (v =2) or higher state.
Primarily NIR absorbs the transitions of the overtones

and combination modes.

* Sampling Technique

Generally, spectroscopy consists of three main
units: radiation sources, wavelength selector
(monochromator) , and detector see Fig. 1. These
units differ in the various spectroscopy. The light
source shines the light at the monochromator where
the dispersive element, such as prism or diffraction
grating, splits the light into a selected wavelength
that incident to the sample. This incident light can
be reflected off, absorbed by, or transmitted through
a sample; the way the incident light changes during
the interaction with the sample is characteristic
of the sample. Sampling techniques are related to
the fact that the incident light can be reflected off,
absorbed by, or transmitted through a sample. The
primary sampling techniques in IR spectroscopy are
transmission, absorption, attenuated total reflection
(ATR),

verifies the sampling techniques selection. ATR and

and diffuse reflection. The matter state

diffuse reflection techniques are dominant for the solid
material and sample. This article focuses on the ATR-

FTIR application in BIC chemical transformation

research.
Incident light
s g X
o RNy ’\/\_/
F el
(a (d)
Fig. 1 Basic spectroscopy setup

(a) radiation source, (b) monochromator,

(c¢) sample, and (d) detector

[ATR-FTIR and Bio-coke]

ATR-FTIR is a rapid and non-destructive method

that does not require further sample preparation.
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Figure 2 shows the ATR sample setup where the
infrared incident beam is shined at the ATR crystal
that is contacted with the sample’s surface, which is
less dense. The beam is totally reflected at the crystal
to the sample surface. The energy of light extends to
the sample. The extended standing wave or evanescent
wave on the sample surface is “attenuated”. When the
IR beam is “attenuated”, the intensity of the IR beam
is reduced by the measured sample. In the case of
electromagnetic waves, attenuation takes place because
of the photon absorption and scattering (only if there
is a gap between the sample and ATR) .

The Bio-coke research institute has performed BIC
chemical structure measurement using ATR-FTIR
to study the transformation in the fundamental mode.
Diamond ATR type provides a clear signal throughout
the MIR range when measuring the powder material
and BIC (at the bottom and side surface). The
measurement process starts by measuring the
background sample (air). After that, the BIC sample
was measured. The difference between background
and sample measurement is the collected data.

The advantage of this method is that we can
measure the side surface of BIC samples without
damaging them at a depth of penetration (D, in
Fig. 2). This D, depends on the wavelength, the
refractive index of the diamond crystal, and the
beam entering angle (red arrow). Note that regular
spacers are not suitable for the top or bottom surface
BIC measurement because of the uneven surface on
the spacers. Fortunately, the side surface of the BIC
is perfect for the ATR-FTIR method, which can
apply to BIC as small as 4 mm size (Bruker, FTIR
spectrometer model Alpha). The handle ATR-FTIR

Evanescent wave : D,
ATR crystal
Detector Light Source
Up) o)

Fig. 2 ATR solid sample setup

can be used for the industrial size and laboratory size
BIC that is bigger than 12 mm.

Figure 3 shows the green tea (GT) and Japanese
cedar (JC) spectra and their BIC products spectra.
All of the spectra are average raw data (15 times
replications) . Both graphs’ first peak from the left-hand
side is located in the O-H stretching area (3600-3000
cm ). This region is major in the BIC investigation
because it presents cellulose’s crystalline and quasi-
crystalline structure, which significant changes in the
BIC samples. It also detects the signal from lignin O-H
as well. The C-H stretching region is the next area on
the right, starting from 3000-2700 cm . In this figure,
the C-H bands’ shapes are clearly different. GT bands
appear as a doublet, but the JC peak is like a narrow
bell curve. These C-H peaks can be complicated to
identify the origin. The dominant intensity of peaks in
this region originates from lignin and fat (in the case
of lignocellulosic materials). The IR spectrum does
not detect any signal within the 2700-1800 cm ™! region
because there is a tiny amount of N in the materials.
The C=C in this region is due to the symmetrically
functional group. Peaks occurred in 1800-1700 cm™’
regions are owing to the C=0 from hemicellulose
molecule.

The C=0 transformation likely presents under the
influence of heat if the raw material contains a decent
amount of hemicellulose. The investigation of the region
from 1700 to 1100 cm " is crucial as the O-H stretching
region because the transformations of lignin are located
in this area. For example, the aromatic skeletal changes

around 1650 to 1500 ¢cm ™. Lignin units’ reactions of the

Green tea Japanese cedar
T T T T
Raw 0.10 Raw
o1s|—BIC i Y I——BIC
0.08 | g
golof 18 006 E
c [ =}
@ @
2 2
2 S 004 E
Kol Qo
< 0.05 | 41 <
0.02 |- -
oo | 0.00 =
L L L L 0,02 L1 L L L
4000 3000 2000 1000 0 4000 3000 2000 1000 0

Wavenumber (cm™") Wavenumber (cm™)
(a) (b)
Fig. 3 Average raw data of ATR-FTIR of green tea

(a), Japanese cedar (b), and their BIC products
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BIC are significant because of the production process
under the subcritical water state.

The comparison between raw materials and BIC
products, or between BIC formed under different
conditions, is tricky because the raw data cannot be
analyzed directly, especially in the fingerprint region

where many fundamental bands occur.

[Data Analysis]

As seen in Fig. 3, the beginning and end of the raw
spectrum in both pictures are not at the same level.
Normalization is a statistical procedure that reorganizes
the spectra to be compared. The normalization within
the small or target range makes it easier to distract the
valuable information. Second derivative and chemometric
techniques (PCA, PCR, CLS regression, PLS) generally

apply in spectral analysis. The combination between

1.0E-6 |- :
5.0E-7 |- -
o OOE+O | -
o
=
(0]
£ -50E7 - .
(o]
(2]
X
< 106k -
-1.5E-6 | 4
—— 378K GTBIC
20E6 [ 443K GTBIC i
—— 463K GTBIC ) ) .
3600 3500 3400 3300 3200

Wavenumber (cm™)

Fig. 4 Second derivative spectrum of the targeted O-H range
of green tea BIC made from different temperature

normalization and these techniques has been used in the
BIC research.

Figure 4 is an example of the normalized and second
derivative spectra. In this figure, the authors pick up
only the spectra in the O-H stretching region in the
MIR range (from 3600 to 3200 cm ™) to analyze. These
three spectra were collected from the GT BIC that
was produced under different forming temperatures.
The O-H stretching region of Fig. 3 (a) seems like a
broad peak. However, the second derivative spectra in
Fig. 4 reveal the hidden peaks within this broad peak.
Figure 4 shows some differences in the intensity of GT
BIC such as the peaks at 3271 cm™ (intrachain, O»-Hs
06), 3299 cm ™" (coupled of O2-Ha+-Os-He--O3-Hs
+05), and 3402 cm™ (interchain, Os—Hg--O3) . Peak
location shift (3365 to 3342 cm™) is also presented in

this second derivative result.
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Fig. 6 Observation of Biocoke made from Tenkasu and Okara (Top, Side, Bottom)
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Fig. 7 Thermal decomposition characteristics of Tenkasu
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Fig. 9 Thermal decomposition characteristics of Red pepper
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