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Behavior of X-Ray Analysis of
Carbon Nanotubes
Firas Habeb Abdulrazzak, Ayad Fadel Alkiam
and Falah Hasan Hussein

Abstract
Carbon nanotubes with a variety of types occupied an amazing position compared to other nanomaterials due to rarer and specific physical and chemical properties. The behavior of graphite or graphite nanotubes theoretically and experimentally
encourages their use in huge applications such as industries, fields of energy, and
the environment. Many attempts are being made to get more of these benefits by a
better understanding of the nature of carbon nanotubes. One of the ways to achieve
this aim is by enhancing the acquaintance of characterization such as spectroscopy
analysis and image microscopy. In this chapter, we are concerned with using X-ray
as a source to produce clear imaginations for a tubular structure. Thus, the common
ways that use X-ray as a source to interact with carbon nanotubes will be reviewed
with details of characterization such as XRD, XRF, XPS, and EDX techniques.
Keywords: XRD, XRF, XPS, EDX, CNT 1

1. Introduction
The behavior of light after many years of studies and experiments opens a new orientation for science and scientists taking advantage of these features. The binary behavior of light which is represented by wave nature and particle nature enabled to appear
with a variety of behaviors such diffraction, interference, and refraction. Figure 1 shows
spectrum of electromagnetic radiation which includes all the radiation types.

Figure 1.
The spectrum of the electromagnetic radiation with different kinds of oscillators and frequencies.
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Every type in spectroscopy has specific properties which urge to use it in many
applications. X-rays that are mentioned in this part with the highest-energy electromagnetic waves were commonly used in hospital and engineering applications.
X-rays move in a straight line without any influence with magnetic and electric
field due to the negative charge on it. In this chapter, we concern toward using
X-ray behavior with materials in qualitative and quantitative applications of carbon
nanotubes (CNTs).

2. Carbon nanotubes (CNTs)
The term carbon nanotubes (CNTs) refers to nanomaterials with a tubular
structure consisting of carbon atoms only bonded with each other by sp2 hybridization. The talks about CNTs were increasing 27 years ago after Lijima reported
the first clear research [1], which represents the starting point of the huge attention on CNTs. The attentions appeared as reported literature deals with synthesis,
purification, characterization, and studding physiochemical properties [2, 3].
Many results were paving the way for many successful attempts to use CNTs
practically in many fields of science. The applications such as energy, construction,
treatment, and environmental protection fields [4] were enhancing to increase the
attention to make more clear images for CNTs. Carbon nanotubes (CNTs) were
synthesized by chemical vapor deposition CVD, arc-discharge ADs, laser ablation
LAs [4], and flame method FM [5]. Many types of apparatus were used to identify
CNTs such scanning electron microscopy (SEM), transmission electron microscopy (TEM), helium ion microscopy (HIM), Raman microscopy, and X-ray family.
In this chapter, we focus on the characterization of carbon nanotubes by using a
specific technique that is used for this purpose, which depends on X-ray as a source
to show the carbonic composition. The orientation of atoms within the lattice
determines the peak intensity. Therefore, the X-ray behavior with materials is the
fingerprint for periodic atomic arrangements in a known material. The start point
with these aims to classify CNTs into two types depending on the number of sheets
as shown in Figure 2.

Figure 2.
Figure shows the classification of CNTs by the number of sheets.
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2.1 Graphite nanotubes (GNTs)
The graphite nanotubes refer to graphite materials that show a tubular structure
with nanometer dimensions, which are commonly known as multi-walled carbon
nanotubes (MWCNTs).
2.2 Graphene nanotubes (gNTs)
The second type refers to graphite structure which forms nanotubes and that
includes three types:
2.2.1 Single walled carbon nanotubes (SWCNTs)
There is one sheet of carbon atoms that forms SWCNTs, characterized by diameter 0.5–1.5 nm [6].
2.2.2 Double walled carbon nanotubes (DWCNTs)
Two sheets of carbon atoms are flopped with each ether to form DWCNTs, with
2.4–3.2 nm diameter [7].
2.3 Few walled carbon nanotubes (FWCNTs)
When the number of sheets is 2–6, the type is known as few walled carbon nanotubes FWCNTs. The diameter as we mentioned before was decided by the number
of sheets that forms it, which ranges between 4 and 9 nm [8].

3. How X-ray is produced?
X-rays are generated in an X-ray tube responsible to generate X-rays when an
electron beam is passed between a cathode part and an anode. Figure 3 includes the
essential components for an X-ray system when a stream of fast-moving accelerated
electrons is transferred from the cathode to the anode. The interaction of electrons
with atoms produces a great amount of energy [9] equal to 1% of the total energy
while 99% appear as heat when removed from the anode. When current is passed
through a conductive material, the material will heat due to the resistance in the

Figure 3.
Figure for essential components of X-ray generator.
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wire causing excitation of the electrons and energy expansion. When the energy of
the electron expands, it will return to the wire to become heat again and becomes a
source of electrons [10]. The positive charge and negative charge will form a strong,
attractive force to accelerate the electrons, which could increase the forces of X-ray
by increasing the voltage applied to the anode.

4. Debye-Scherer equation and Bragg’s law
The X-rays are commonly generated by a cathode ray tube, occupied with a
specific filter to form monochromatic radiation, which concentrates toward the
sample. Figure 4 represents Bragg’s law (nλ= 2d sin Ѳ) referring to the specific case of
diffraction, which depends on the angles of scattering (Ѳ) coherent and incoherent
monochromatic light (λ) from a crystal lattice consisting of n sheets. This equation
(d = (K*λ)/(β*cos θ) is commonly used to find partial size (d) for materials [11] when
the benefit from the behavior of incident and monochromatic light (λ) with specific
angle (Ѳ) is decided from the nature of the construction material. The value of (d)
was calculated for the line broadening at half the maximum intensity (β = FWHM),
while the shape factor (K) was typically equal to about 0.9, which changes with shape
of the crystallite. When X-rays are incident on an atom, they make the electronic
cloud move, as does any electromagnetic wave. The movement of these charges radiate wave with the same frequency, blurred slightly due to [10] a variety of effects, and
this phenomenon is known as Rayleigh scattering (or elastic scattering). The scattered
waves can themselves be scattered, but this secondary scattering is negligible.

Figure 4.
The typical equation to characterize the structure of the crystal.

5. X-ray diffraction analysis (XRD)
XRD analysis is a unique method to find qualitative properties such as crystallinity, types, fingerprints, and quantitative material [11]. Graphite and graphene
show great similarity in XRD with GNTs and joints, respectively, for the main
peaks [12–14] at ≈24 and 43°. Most references shows these two peaks high degree of
similarity, especially at the first strong peak. Figure 5 shows the two peaks: the first
on the left is of very high intensity with less width compared with the second peak
at the right. The length and width of the peaks were commonly used to recognize
the nature of crystal size. Generally, for carbon nanotubes, the first peak at the right
refers to crystalline or amorphous nature; thus, the width increases with reducing
intensity or length, which refers to exist in amorphous crystal form [15].
4
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Figure 5.
Typical XRD analysis for CNTs.

Figure 6.
XRD patterns for synthesized MWCNTs with high and low ratios of SiO2.

Typically, the impurities influence Directly on the position of two peaks due to
low intensity of the peaks compared with the impurities. For example, MWCNTs
were prepared by chemical vapor deposition using 1-propanol as a source of carbon
at 700°C on the surface of silica as support for precipitation as shown in Figure 6.
The XRD analysis of synthesized MWCNTs is reported in Figure 6, showing the
effect of amorphous carbon and Si, Na, Fe, and Mg in the diagram of XRD which
removed or at least limited the appearance of the two characterized peaks of CNTs.
The elements which were mentioned causing a disappearance [16] for the carbon
tubular structure had spread between these components. Thus, XRD for the sample
was disappearing due to the higher intensity of many crystal structures [17] of the
element when reached 8000 units compared with low intensity of carbon with less
than 120 units.
Figure 7 shows two notes to be taken care of when using XRD to predict the
existence of CNTs: the first, the impurities inevitably caused shift for the two peaks
due to real connection between tubular structure and impurities. The second refers
to influence of interference, which causes removal of the second peak or complete
disappearance due to the high difference between importers and carbon material.
The last two points look like a photograph; picture was taken for wood including very
high Trees compared to grass and few small herbs, the result or the image should be
favored the trees.
The typical peak at ≈26.0° represents the characteristic graphitic peak [18]
arising due to the tubular structure of the carbon atoms in the sample with (002)
planes. This peak shifted to more than 28.8 ͦ, which affects [19] the ratios of impurities in the sample. The typical peaks near 43.2 and 53.74° disappeared due to
5
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Figure 7.
XRD patterns for synthesized MWCNTs with high and low ratios of SiO2 from 20 to 50°.

existing Si and Fe [19], which show strong peaks at ≈42 and 52°, respectively, when
interfering with the weak peaks of CNTs.
5.1 MWCNTs vs. SWCNTs
This part represents one of the most important section for the science of
nanomaterials generally and nanotubes particularly, which could be dependent on
to identification and discrimination between SWCNTs, DWCNTs, FWCNTs, and
MWCNTs. The interest in this part refers to direct application for the two roles
of diffraction and the number of sheets that form the skeleton of tubular structures. This fact we referred to in the International Conference on Chemistry and
Applied Research in October 29–30, 2018 Prague, Czech Republic. The fact was
that there were many noises for SWCNTs as compared with MWCNTs with the
two peaks, which enhance forming the noises to reduce the number of graphene
sheets, as following arrangement for CNT types. Thus, the ratios of noise can be
arranged as follows:
SWCNT > DWCNT > FWCNT > MWCNT
Figure 8 explains the behavior of CNTs when an increase in the number of inner
shells causes more intensity for the peaks with MWCNTs than SWCNTs which show
in pure and with mixture of composite. This fact was in agreement with a good

Figure 8.
Figure shows the influence of number of layers with X-ray diffraction.
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deal of experimental research, such as studies by Mhamane et al., Tang et al., and
Chang et al. [20–22] for graphite and graphene, showing noise with graphene and
graphene oxide while reduced noise with graphite.

6. X-ray fluorescence (XRF)
The principles of this technique depend on removing the electron from lower
energy level, causing an unstable state for atoms; therefore, the electron in the
higher energy shell moves inside the atom. The value of the difference between
higher and lower levels was emitting as specific energy to identify the fluorescing
element and is proportional to the amount of element. Generally, the characteristic
peaks are labeled X-rays as K, L, M, and N refer to the shells they activated or (α),

Figure 9.
A supposed mechanism for forming X-ray radiation.

Figure 10.
XRF spectrum for aluminum and magnesium that are mostly used as a catalyst for growth of CNTs.
7
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Figure 11.
XRF spectrum for silicon and iron that are mostly used as a support for catalyst CNTs.

Figure 12.
XRF spectrum for nickel and molybdenum used as a catalyst for growth of CNTs.

(β), and (γ) depend on the transitions of electrons from higher shells. However,
Kα2 means the transition of an electron from the L to the K shell, while Kβ1 represents the transition of an electron from the M to the K shell of multiple orbits.
Figure 9 refers to the behavior of elementary information that makes possibilities to quantify identification of metals, which are commonly used as a catalyst for
precipitation of carbon on the support of the catalyst to form CNTs. The advantage of
this technique is that it is rapid and it is easy to treat the sample without any complications and without being affected by chemical bonding. The disadvantages include
limited abilities to identify trace contents in addition to the high radiation that may
cause damage for tubular structure CNTs. Singhal et al. [23] reported the qualitative
8
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analysis when analyzing CNT-coated Al. The analysis showed three peaks at 2Ѳ which
are 32.5, 50.8, and 144.7° corresponding to C Kα, O Kα, and Al Kα spectral lines,
respectively, related to the presence of C, O, and Al elements in the composite. The
quantitative analysis for synthesized composite confirms that the percentage weight
of C, which corresponds to CNTs, was 3.95%. XRF can be used for studded catalyst
content in CNTs during the steps of purification, but in the same time, it cannot be
used to determine amorphous carbon content. [24]. Figures 10–12 show aluminum,
magnesium, silicon, iron, molybdenum, and nickel that are commonly used for
synthesized carbon nanotubes as a catalyst or support for precipitation.

7. Energy-dispersive X-ray spectroscopy (EDX)
The energy dispersive X-ray analysis EDX and EDA sometimes EDS or energy dispersive X-ray Microanalysis EDXMA. This technical method depends on the interaction
of X-ray radiation with a sample when convert to single that refers to the material in the
chemical area and thus is used for elemental characterization. The efficiency for characterization can be related to the fundamental principle that each element has a unique
atomic structure allowing a unique set of peaks in its electromagnetic emission spectrum
[10]. Mostly, scanning electron microscopy (SEM) supplied with EDX is used to qualitatively and quantitatively analyze the elements present in the selected area of the SEM
image to estimate of CNTs’ metal contents and impurities. Together, the SEM and EDX
capabilities allow irradiation by a focused electron beam, imaging secondary or backscattered electrons and an energy analysis of X-rays. Typical SEM applications include
plan view and cross-sectional imaging for process development and failure analysis.
EDX applications include specific defect analysis or composition analysis. Figures 13 and
14 refer to EDX analysis for SWCNTs and MWCNTs made from Aldrich by chemical
vapor deposition with high purities. When using this technique should, analysis of largescale CNTs should be avoided since it may cause error in identification due to overlap of
peaks for CNTs with many elements such as Ti Kβ, Mn Kβ, and Fe Kα [25].
Figure 15 shows an EDX spectrum of MWCNTs synthesized by the CVD
technique from decomposition date palm seeds at 700°C on the boat of silicon as
supported for Mo, which was used to grow MWCNTs. The spectrum shows four
strong peaks, which represent carbon, silicon, Al, and Mo. The C refers to carbon
materials, which mostly refer to the growth of CNTs on Mo that covers the surface of

Figure 13.
EDX spectrum for Aldrich SWCNTs which were synthesized by the CVD method.
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Figure 14.
EDX spectrum for Aldrich MWCNTs which were synthesized by the CVD method.

Figure 15.
EDX spectrum for Aldrich MWCNTs which were synthesized by the CVD method.

the silica boat. The O refers to the groups of oxide which are produced by a purification process by using nitric acid (5 M). Figure 16: EDX spectrum for MWCNTs
synthesized by CVDs from decomposition date palm seeds at 700°C on the boat of
silica as supported for Mo, which used to growth CNTs Shows an EDX spectrum of
us received MWCNTs when synthesized from propanol at 700°C by CVDs with used
silica as support and iron oxide as catalyst for growth CNTs. The EDXs in Figure 16,
with three strong peaks, represent silicon, and two for Fe. This indicates that the
growth of CNTs originated from Fe or Fe carbide particles on the silicon substrate.
The peak of C is short, which refers to low precipitation on the surfaces of the boat.
The most important thing when used EDX represented by the area which needs
to make quantitative and qualitative analysis due to heterogeneous distribution of
the elements in analyzing samples. We mention before the aims from analysis whom
responsible to decide the area of analysis. 9. X-ray photoelectron spectroscopy
(XPS) is a quantitative technique that deals with measures, empirical formula, and
chemical and electronic state with elemental composition in high sensitivity that
exists within a material [10]. The most important nature of XPS is that it shows not
only qualities of elements starting from lithium and above but also the nature of
10
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Figure 16.
EDX spectrum for MWCNTs prepared from propanol at 700°C by CVD with silica used as a support and iron
oxide as a catalyst.

local bonds for all the components in a mixture. XPS spectra are obtained by irradiating thickness of analyzing material, arranges between 0 and 10 mm with a beam
of X-rays to measure the number and energy of escaped electrons in high vacuum
ambience. It mostly requires large amounts of sample to reach 5 mg to produce ideal
analysis that commonly produces ambiguous and interpreted peaks, which are
simplified by a specific computerized system. The XPS spectrum is represented by
plotting the binding energy (eV) between different atoms with intensity of energy
in the chemical environment of materials. The ideal detection limits for most of the
elements are in the parts per thousand range while parts per million (ppm) could
be made when special needs were provided such as concentration on the top surface
and very long collection time. The oxidation state represents the main criterion for
identifying [26–29] the elements due to influence with the local bonding environment for the atoms in molecules. In the case of carbon nanotubes, the binding
energy of C1s electron is 284.6 eV; when binding with other atoms, it will be
chemically shifted, which depends on the chemical state of neighboring atoms. For
example, the carbon in the polymer structure shows increasing binding energy as
follows [26–31]:
Carbide (– C 2−) < Silicone (–Si– CH 3) < Methylene / Methyl / Hydrocarbon
(– CH 2 – CH 2 – < CH 3 – CH 2 – < –CH = CH–) < Amine (– CH 2 – NH 2) < Alcohol
(–C–OH) < Ketone (–C = O) < Organic Ester (–COOR)
The characterization peak of carbon nanotubes corresponding to C=C for graphene
layer for spectra at about 284 e V.
For example, the synthesized carbon nanotubes from natural petroleum gas
were tested with X-ray photoelectron spectroscopy. The nature of different groups
that were covalently linked to the nanotube surface is reported in Table 1, where
existence of C=C refers to nanotubes or graphene sheets. To have a more clear and
more specific explanation, we review different groups that are covalently linked to
the nanotube surface to improve C=C which refers to nanotubes by XPS analysis.
The carbon nanotubes (MWCNTs) were synthesized by the chemical flame deposition method by using liquefied petroleum gas as a source of carbon on the surface
of iron as supported for precipitation at 180°C. Figure 17 shows the photoemission
C1s peaks that were studies between 282 and 292 eV. A dominant peak is observed
at 284 or 285 eV of the sp2 hybridized C=C bonds in extensive conjugated systems
11
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Table 1.
Common values of band that predicted existence in CNTs.

Figure 17.
XPS C 1s spectra of synthesized MWCNT between 282 and 292 eV. Arrows show possible positions of
carbon peaks.

Figure 18.
XPS of N–H spectra between 396 and 404 eV. Arrows show possible position of the N–H peak.

[26, 27], which mostly refers to graphene sheets in carbon nanotubes. The same
figure includes a peak at 285.0 eV, which is characteristic of sp3 hybridized C–C
bonds present at defective locations [28] and tubular structure asymmetry related
to C–H and C–C [29]. Two other photoemission peaks are observed at 286.3 and
288.8 eV. The first peak at 286.3 eV is attributed to carbon atoms bonded to oxygen
atoms C–O which bonded with C–N. The second peak at 288.8 eV is characteristic
of carbon atoms of carbonyl groups (C=O) [30]. Figure 18 shows N 1s 400.1 eV
spectra, which refer to N–H related to N–C=C groups [31].
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Figure 19.
XPS C 1s spectra of synthesized MWNT between 282 and 292 eV. Arrows show possible positions of carbon peaks.

Figure 20.
XPS of N–H spectra between 396 and 404 eV.

Figure 21.
XPS of S spectra between 155 and 175 eV.

Figure 19 shows the XPS spectra of the second sample with different peaks at
284.5, 285.0, 286.3, and 288.8 eV. The first peak at 284.5 eV corresponds to C=C for
graphene sheets [32] while the neighboring peak at 285.0 eV corresponds to C–C
and C–H. The second peak at 286.3 eV is related to C–O/C–N [33]. The third peak
at 288.8 eV corresponds to C=O [30]. Figure 20 shows the N 1 s spectra at 400.1 eV,
which refers to N–H related to N–C=C groups [31].
Figure 21 refers to two overlapping peaks together at 167.5 and 168.2 eV, which
correspond to S–H and S–O, respectively, while the strong peak at 164.7 eV sp2
indicates the S–C bond [34]. The second sample shows an existence of sulfur which
can be related to the oil that was used to prepare this sample only.
13
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8. Conclusion
Many techniques and methods are commonly used for characterizing and
analyzing nanomaterials such as SEM, TEM, HIM, Raman microscopy, UV-visible
reflection, and X-ray family. All of the techniques mentioned before and others
depend on reactant materials with electrons. X-ray led to many ways of getting
huge information about the composition of materials and the nature of construction. X-ray family is supplied mostly, nondestructively and fast, with the ability
to provide the basic structural information that is essential for identification.
In our chapter, X-ray families were used for quantification and qualification of
carbon nanotubes. XRD, XRF, EDX, and XPS were used in this chapter with many
synthesized CNTs to show the abilities for evaluating the purifies which are very
important in applications. We anticipate that the results of this study will help to
offer guidelines for understand CNTs structures by X-ray family to increase the
probabilities for benefit from CNTs.
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