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Detecting Separation in Composite Blades by

Non-Destructive Methods
Rashed A. Abdul Salam- Technical Engineering Center-Derna

Abstract
Blades are a crucial element in its overall performance as they significantly influence
the efficiency of the system in different uses. Most of them are built using composite
laminates made by hand that leads to many kinds of faults, for this there must be an
accurate test that gives information on the surface and interior of the blade. The
present consideration investigates the ability of ultrasonic, shearographic, and
thermographic approaches to find separation defects in blades. Two samples are
present, both of which are composed of E-glass fibers reinforced with distinct types of
resins - one with polyester resin and the other with epoxy resin, were fabricated each
containing multiple Teflon inserts as artificial separation. The Non-Destructive
Testing (NDT) under investigation were utilized to perform the necessary inspections
on these specimens. Lastly, the effectiveness of each (NDT) technique was evaluated,
and a comparison was made to determine their respective capabilities for this
particular application.
Key words: Blades- Ultrasonic - non-destructive.
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1. Introduction
The blades need to have high bending stiffness to handle the static and
dynamic stresses that they encounter when in use [1-7]. Additionally,
creating blades that are lightweight and efficient can lessen the load on
other parts, saving a lot of money [8]. Currently, materials made of
composites with polymeric matrix make up the majority of blades.
Carbon fibres are used in select specialized structural sectors because of
their greater tensile modulus and lower density [9]. Glass fibres, in
particular E-glass, are the most often utilized material,
nonethelessbecause of their adequate structural characteristics and
cheaper price [10-14]. Polyester resins were formerly widely utilized
because they were a logical development from the aeronautics sector and
benefited from accumulated production expertise. Epoxy resins have,
however, recently surpassed the usage of polyester resins in the
fabrication of blades because of their superior mechanical and adhesion
capabilities.Blades are frequently made via reduced-atmospheric polymer
intromission methods in unsealed or sealed molds ,and manual yarn
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laying is frequently required throughout this operation [15-19].Sadly, the
heavy reliance on manual labour with today's manufacturing methods
resulting a wide range of flaws including separations, voids, inclusions,
fractures dry fibers, incorrect fibre alignment and others. It is essential to
check blades as they are being made to evaluate product quality, spot
problems with the manufacturer that needs to be fixed, and refuse any bad
pieces. It is best to keep each blade in its original state through
investigation stage to protect its quality and avoid any quality
compromises. In the production of blade, when internal faults must be
discovered and assessed, it is difficult to meet this need. Several (NDT)
methods have been suggested for examining internal flaws in blades[20—
24]. Shear graphic, thermo graphic, and ultrasound strategies are a few of
greatest pertinent (NDT) methods. By measuring the displacement
between adjacent locations of a sample under stress, optical-based
stereography methods can determine both internal and external flaws
based on the general properties of the substance [25-29]. The
thermography methods, on the other hand, focus on the thermal
characteristics of substances to pinpoint discrepancies that can alter the
way temperature front spreads and produce a different temperature profile
on the face [30-34]. The usage used ultrasound procedures for checking
metal objects is well-known as well as widespread. The ultrasound pulse
generates various transmission & reflecting forms that rely on the
substance surfaces. These forms are recorded and then used to analyze the
qualities of an object [35-39]. Sometimes blades present a distinctive
design challenge due to use of high-thickness laminates which can
measure several millimetres in thickness, this unique attribute also poses
a significant obstacle for inspection techniques, moreover blades are
complicated components of large geometries, which require consideration
of various factors related to their final application such as part access
geometry, accumulated thickness, and data handling, as such these issues
must be thoroughly examined and resolved. Although it is outside the
scope of this undertaking to develop a thorough examination system for a
blade, the study analyzes a capability of non-damaging examination to
test greater-depth composites as a necessary first step in designing and
establishing a specialized inspection system. The effectiveness of an
examination technique is dependent on the type of defect being measured
[40-44]. However, this study aims to analyze a commonly occurring
separation defect type to ensure the practicability of the experimental
approach. Despite the vast taxonomy and diversity of defects found in
blades, this study focuses on a representative and frequently encountered
separation defect type. The usefulness of shear graphic, thermography,
and ultrasonic methods for examining blades with separation faults is
investigated in this study. The required examinations were carried out on
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two manufactured specimens, E-glass fibres reinforced with distinct types
of resins - one with polyester resin and the other with epoxy resin
containing embedded artificial defects. The efficiency of each approach
was then evaluated and their capacities for this particular application were
compared using the results.

2. Making of Specimens

Two specimens were created to replicate a separation-damaged-in blade.
Specimen A (depicted in Fig. 1A) was produced Vacuum-assisted resin
transfer molding (VARTM) is a process used to manufacture composite
parts by injecting resin into a closed mold containing reinforcement
fibres. In this case, unidirectional E-glass fibres and polyester resin are
used. There was a total of eight layers of fibres manually placed, as well
as a sample received treatment during atmospheric ambient temperature
of 25 degrees Celsius after being injected at 2 bar and vacuumed at 0.008
bar. Specimen B (shown in Fig. 1B) was made using pre-impregnated
composite fibres with resin in an unlock template configuration and
utilizing a vacuolation case. The specimens were created by utilizing
eight pre-impregnated E-glass pliés together with epoxy adhesive.
Manual laying of yarn plies was performed under suction compression of
0.9 bar. A three-stage temperature cycle, which is a well-established
method, was implemented to cure the specimens, with an isotherm stage
of 90 minutes at 120 degrees Celsius. Thick specimens measuring 300 x
300 x 10 mm were fabricated to account for the significant thickness of
blades. The thickness is considerably high to know drawbacks related to
thickness during testing. To estimate the efficacy of investigation
methods under investigation, simulated separations were generated. The
optimal method for producing simulated separations varies depending on
the specific physical phenomenon underlying each test technique.
Handmade faults with various sizes are placed through manual
manufacturing at various depths, same samples were used for all
examination manners. Creation of simulated separations was necessary
for evaluating effectiveness of testing manners. The primary goal of
inspections during blade fabrication is to identify defects that are deemed
unacceptable. Consequently, thin but relatively large separations were
artificially created. The samples induced in two specimens were identical.
Positions of artificial defects and their dimensions are ill ustratedin Figure
and Table 1.
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300 mm

300 mm

Fig 1. Specimen A, specimen B and separation distribution of artificial

defect Teflon

Table 1 separation measurements

Separation No | Measurements (mm) | Thickness (mm) location
1 31 0.054 Among ply’s 2 and 3
2 31x31 0.24 Among ply's 7 and 8
3 31 0.054 Among ply's4 and 5
4 61x61 0.054 Among ply’s 4 and 5
5 31 0.24 Among ply's 6 and 7

3. Inspection Equipment

The research employed diverse inspection manners to assess soundness of
samples being scrutinized the shear graphic inspections was executed
utilizing an ISIS station 1200 and an ISIS 3100 measurement head.
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Thermography inspection was carried out by an IRNDT device utilizing a
smart eye 320 IR camera and two 25 kw special lamps for irritation.
Ultrasound inspections were performed using an Omni Scan MXU-M
portable sound encoder witha2-Dimager.

4. Results and discussion

4.1 Shearography

Two distinct different methodologies for managed input, namely
thermic& vacuum, have been employed in conducting Shearography
inspections. Meanwhile, the measurement head was manipulated by a
three-dimensional axis system, which raster scanned a part to generate
images. Despite the use of infrared heating lamps for thermic loading, no
deformation was observed, possibly due to less conductivity of composite
that reduces temperature differences within the part and thus minimizes
generated stresses. However, when subject to vacuum loading of 100
mbars, some defects were detected, as shown in Figure 2. The acquisition
time for these measurements was approximately 20 seconds. Vacuum
pressure induced different deformation areas in Specimen A, revealing
four separations as depicted in Figure 2a. In contrast, Specimen B showed
only one separation with appreciable deformation, detecting just one
separation as shown in Figure 2b. The observed discrepancy may be
accounted for by the superior consolidation afforded by the prepreg
methodology, leading to an increased rigidity which markedly impacts
the discernment potential in Shearo graphic testing methodology.
Moreover, it is probable, that inferred reduced atmospheric pressure
required to find irregularities, is heavily dependent on estimation of the
lateral dimension of separations which is based solely on a spread of
distortion zone, and cannot be quantitatively determined. On the other
hand, it is not possible to ascertain the thickness or depth of separations
through deformity amplitude. This inability to accurately determine
dimension and depth is due to material deformation being a 3-
dimensional phenomenon. Therefore, establishing an unequivocal
relationship between the measured surface deformation profile and the
actual size and position of separation is a complex process. Based on
observations the capacity of the shear graphic manner to identify defects
could be restricted by rigidity with a thickness of object under
assessment.

58



2023 Al i) cpa J9Y1 Ciuail) (pa 15 daad) (Araladl & gall) dlae

CDECINAEN A J ® CDECINEN R
—

Fig 2. Distortion picture

4.2 Thermography

During the rmographic testing, triple distinct types of manipulating the
source signal were examined: flashing, pulsing, and phase-sensitive
detection/ lock-in. Flashing method involves a high-temperature pulse,
whereas the pulsed method employs a prolonged heating activation
period for short time frame. Conversely, Lock-in method utilizes
harmonic thermal input of particular pulse. For each modulation, pair
transmission method (where energy source & camera are situated on the
far side of the part) and reflexing method (where a couple of the source
and camera are on identical parts) were utilized, depending on the setup.
The optimal configuration for detecting separations is contingent upon
the material type. Both configurations were able to detect all five
separations of sample A, Figures 3a and 3b. However, in sample B the
trans missive configuration detected all five separations, while the
reflexive configuration exhibited limited sensitivity and only barely
detected them. This is demonstrated by Figures 3c and 3d.The study
finds that in the analyzed specimens, there is a comparable performance
between Pulsed and Lock-in modulations in terms of source
modulation. However, Flash modulation yields thermal images that are
highly homogeneous, making it nearly impossible to detect separation.
Overall, the thermal differences discovered were smaller than
anticipated, which can be attributed in part to the fact that artificial
defectis unable to impede heat movement effectively like real

separation or spacecavity .Although surface heat gradients offer
valuable qualitative data regarding the size of the separation, the
resulting heats cans display noticeable fuzziness. The issue occurs due
to, after heat spread passed through separation, the heat diffusing to
colder regions, causing a phenomenon like diffraction pattern in an
electromagnetic field. The diffusion effect caused by heat spreading
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may obstruct the intended separation projection, especially in parts with
greater thickness. Despite this, there is no observed correlation among
thermal variance and density or deepness of separations. With regards
to acquisition time while active thermo graphic measures can be
accomplished in very short periods for metallic parts, composite
materials with markedly decreased conductivity demand longer analysis
events, particularly for dense sections. The analysis period of both
methods was approximately 150 seconds while for flash modulation it
was around 30 seconds. The specimens under investigation exhibited a
considerable thickness, underscoring the prominent role played by both
image blurring and acquisition duration as key hindrances to the
effective application of thermography for inspecting parts with elevated
thickness.

Fig 3. shows two types of thermal images: (a) transmission, plus sample
A; (b) reflexing, locked-in sample A. (c) transmission, plus sample B;
(d) reflexing, locked-in specimen B
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4.3 Ultrasonic

Ultrasound inspection utilized a 5164 model broadband phased array
consisting of 64 probes (all dimensions measuring 10 x 0.6mm).
Furthermore, a traditional transducer with a diameter of 15mm was also
incorporated. The probes used for this test have 6 MHz and 12 MHz
center frequencies. A gel was used as a coupling agent to enable adequate
transfer of the waves. Normal fallen mode was used to acquire the
measurements. As an initial step, measurements were conducted and
compared using both transducers. Higher frequency waves are preferred
for achieving smaller divergence angles as well as enhanced
responsiveness & in-deepness accuracy. However, composite materials
have intrinsic density-in homogeneities, which cause asonic pulse to
undergo comparatively elevated scattering. Sonic pulse at 12 MHz had
considerable dampening because of a substantial scattering effect, making
it unable to see any returns. This is possible because of the unidirectional
glass fibres altering the density at wavelengths within the 12 MHz
acoustic wave's spectrum. As a result, ultrasound testing utilized a phased
array probe of a frequency of 6 MHz. To enhance the energy of ultrasonic
pulses& minimize their tilt of spread, 20 sensors were employed to
produce every separated pulse, which was electrically concentrated on
surface of the material. This setup allowed for a spread angle to be
disregarded & for rays’ roughly patch area to be almost 1.2 mm, with an
accuracy of 0.2 mm/sample in the x plane and 0.4 mm/sample in the
y plane, a two-axis encoder was utilized to scan every face of
two specimens. The two specimens' sound waves were almost identical,
indicating the two materials had similar acoustic properties. The wave
was returned at harmonic 6 MHz and was easily detected indicating a
lower level of scattering in comparison to the 12 MHz waves. All five
separations in two samples were detected via visible reflections.
Additionally, considering the period gap among reflex ion, estimation of
separations deepness was gained. By utilizing c-scanning techniques, two
dimensions photographs can be detected at face level at any depth. Figure
4 illustrates a c-scan image, which visualizes all separations that exist at
varying depths. The c-scan image is subject to significant blurring due to
the inherent spread of ultrasound pulse and substantial extent of site.
Additionally, an intermittent nature of coupler medium produces
fluctuations in intensity which are easily noticeable in the variation of
colours in areas of defects. As a result, only rudimentary qualitative data
regarding the lateral spread of the separations can be obtained. The clarity
of deepness information of separations is directly restricted via alength of
sound signal. Despite this limitation, utilizing a sound signal of 6MHz
produced coarse however practical data regarding separations deepness as
evidenced in figure 5. Hands ample screening with duration needed to
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analyses the data resulted in an acquisition time for each specimen of
around 20 minutes, even though the phased array probe was used. While
evaluating thick-thickness components, this method vyields a lesser
resolution for in-depth and lateral measurements. Ultrasound evaluation
offers the option to reduce the strength of sound signals to obtain a
necessary permeation. The outcomes of the evaluations within6MHzhad
shown an association among depth with acuity sensibility discovered by
ultrasound assessment of high-density parts is appropriate.

Fig 4. Specimen A, C-scan image.
Table 2 overview of method features

The number of The number of The ability to
faults obtained faults obtained Testin accurate)ll
Test Method from the number | from the number sting Yy
) . Time measure high
of 5 faults in of 5 faults in )
thickness
sample A sample B
Shearographic 4 1 20's Low
Thermograpic 5 5 150 s Low/Medium
Ultrasound 5 5 20 min Medium/High
Conclusions

The present research assessed three NDT manners to determine
separations in blade, the following is a concise overview of the findings
for each inspection technique:
Shearography
e Thermic stress approach exhibits a limited capacity to produce
adequate deformation to detect separation defects in testing
material.
e Vacuum loading is suitable for separation observation in material
under testing compared with thermic loading.
e The determination connection to defects, via vacuum pressure, is
heavily impacted by substances type together with defect
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characteristics, thus further testing is imperative to determine
optimal loading parameters with varying specimens and defects.

Thermography

Flash modulation has a limited ability to penetrate composite
materials which can be attributed to their low thermal
conductivity.

Each incident of separation has been precisely recognized by the
pulsed and lock-in modulation procedures.

It depends on the material used to choose the optimal
configuration (Trans missive-reflexive).

The potential of substantial-depthdimensionsis constrained via
escalation about fuzziness influence & duration required for
analysis.

Ultrasound

e A frequency of 6 MHz has been found to achieve harmony
amongst material penetration and resolution resulting in
successful detection of all separations.

e It is possible to gain meaningful depth data by using (Normal
fallen mode). It is possible to acquire great penetrating
capabilities with lower-frequency waves.
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ABSTRACT

The two types of nano carbons (NCs); carbon nanofibers (CNFs) and
carbon nanotubes (CNTs) have been studied in numerous research works,
which can extraordinarily enhance the mechanical properties of structural
composites (concrete or soil-cement). Their amazing mechanical
properties and tremendously high aspect ratios make NCs as the most
valuable nanomaterials for nano-reinforcement. Yet, the dispersion of
NCs is the major factor that strongly affects the properties of nan
composites. A good deal of research has been carried out on chemical
methods (chemical agent) to attain homogeneous dispersion of nano
carbon in water. While if not precisely done, it can damage or shorten
NCs and at the worst can dissolve them. This results in a negative effect
on composites. Considering this, NCs can be physically dispersed in
water and then mixed with composites. This paper presents a discussion
on types of NCs and different dispersion techniques (chemical and
physical), and research works in improve of soil properties use NCs.
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1. Introduction

The history of carbon Nano fibers is older than a century. Vapor-grown
carbon Nano fibers were the first nanomaterial which were discovered in
1889 by Hughes and Chambers, it is stated that carbon filaments are
developed from carbon, and their hollow graphitic structure was first
revealed in the early 1950s by Radushkevich and Lukyanovich(De
Jong&Geus 2000; Parveen et al. 2013).

Carbon nanotubes (CNTs) and carbon nanofibers (CNFs) offer
high tensile strength, elastic modulus, and hardness. All these properties
can be very beneficial if concrete and soil-cement are reinforced with
these.

2.  Carbon nanotubes (CNTYs)

Carbon nanotubes were first discovered by lijima in 1991 (lijima 1991).
CNTs are members of the family of fullerene structures. Therefore, their
name has come from their elongated, hollow structure with the walls
shaped by only one-atom-thick sheets of carbon, termed as graphene.
(Grobert 2007; Lau&Hui 2002; Reibold et al. 2006).

CNTs are made with length-to-diameter ratio as high as
132,000,000:1, substantiallygreater than for any other material, (Philip
1996). Furthermore, as CNTs display great mechanical properties with
tremendously high aspect ratios (length-to-diameter ratio), they can
produce considerably stronger and harder composites than conventional
reinforcement (Morsy et al. 2011). Due to their extraordinary mechanical
properties and extremely high aspect ratios CNTs are considered as one
of the most advantageous nanomaterials for nano-reinforcement
(Makar&Beaudoin 2004). Nao tubes are capable of bending in circles and
forming ties and loops, and can buckle or flatten under suitable loadings
(Lourie et al. 1998). Different properties of CNTs as suggested by
(Salvetat et al. 1999), (Belytschko et al. 2002)and (Cwirzen et al. 2008)
are given in Table 1.

Carbon nanotubes have a very high tensile strength which can be
100 times greater than steel whereas it is 6 times lighter than steel
(Khandoker et al. 2011; Thostenson et al. 2001; Wong et al. 1997). CNTs
are of two types; single-walled and multi-walled as shown in Figure 1.
Table 1 Properties of CNTs

Property Value/ description

Young’s modulus 1TPa
Tensile strength 200 GPa
Density 1.33 g/lcm3

Thermal stability 2800°C
Thermal conductivity 1000 times than copper
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Maka 19 1 A) Single-walled carbon nanotube and B) Multi-

integrated CNTs in cement paste, and observed effective micro-crack
bridging, which was further proven by (Hu et al. 2014). CNT bridged the
cement particles, which controlled the load-transfer from cement matrix
to nanotubes in tension.Abu Al-Rub et al. (2012); Konsta-Gdoutos et al.
(2010, 2010) found substantial improvement in mechanical properties of
cement pastes by adding multi-walled CNT of different lengths.

3. Carbon Nano fibers (CNFs)

Carbon nan fibers (CNFs) are hollow core nano-fibers, consisting of
either a single layer or a double layer of graphite planes as presented in
Figure 2. The manufacturing and post- treatment methods dictate the
dimensions and structure of CNFs (Miyagawa et al. 2006; Tibbetts et al.
2007). Additionally, the graphite planes can be at definite angle or piled
parallel from the fiber axis and nested with each other to form different
structures such as bamboo like, parallel, and cup-stacked (Endo et al.
2003; Uchida et al. 2006). Their stacked shape (shown in Figure 3) is
beneficial because it offers exposed edge planes that are not present in
carbon nanotube, hence present bigger surface area and improved bond
characteristics (Mo&Howser 2013). Furth more, their external surface
generally contains conically shaped graphite planes canted with reference
to longitudinal fiber axis. These edges are along the circumference of the
fiber, thus can be employed to anchor the fiber in the matrix and avert
interfacial slip. Their sidewalls are the thin lines on the surface of the
nanofiber(Lawrence et al. 2008; Tibbetts et al. 2007). Different properties
of CNFs reported by (Lawrence et al. 2008), (Mordkovich 2003). Ozkan
et al. (2010).
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Figure 2 TEM micrograph of CNF showing a single layer (A) and double
layer (B) (Miyagawa et al. 2006; Tibbetts et al. 2007).
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Figure 3 A) Stacked-Cup CNF. B) Cross section view showing the
internal structure of CNF stacked-cup
Table 2 Properties of CNFs

Property Value/ description
Diameter 3-100 nm

Length 0.1-1000 pm

Young’s modulus 600 GPa
tensile strength 12 GPa

Tennent (1987) and LafdiandMatzek (2003), foundnumerous
factors that influence the capability of carbon Nano fibers to increase
tensile strength in composite materials. These factors comprise: weight
fraction, aspect ratio, strength of the Nano fibers, strength of the interface
and mainly dispersion of the Nano fibers.

Since 1990, researchers have been adding carbon fibers to cement
paste frequently. (Chen&Chung 1993; Fu&Chung 1998; Howser et al.
2011; Li et al. 2004; Li et al. 2006; Li 2002). Some studies have revealed
improvement in the flexural strength and Young's modulus of concrete up
to 50% and 75%, respectively (Metaxa et al. 2013; Peyvandi et al. 2013;
Shah et al. 2010; Tyson et al. 2011). Hunashyal et al. (2011), noted that
CNFs increased load carrying capacity and failure strain in cement
composite by 54% and 44% respectively. Also CNFs increased the tensile
strength, enhanced the deflection behavior and produced stronger
concretes by intersecting crack formation (Gay&Sanchez 2010), (Howser
etal. 2011), (Keyvani 2007).
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Metaxa et al. (2010), provided proof from SEM nano imaging that CNFs
were able to control cracking by bridging nanocracks and pores in the
cementitious matrix. Therefore, due to these characteristics, CNFs have
improved significantly the mechanical properties of the matrix. In
addition, good bonding between the CNFs and the cement hydration
products was witnessed, which indicated that the nan fibers can
sufficiently secure the matrix by ensuring that full capacity of the fibers is
used to transfer the load.

4.  Dispersion of Nano carbons

The process of DE agglomeration and later distribution of nanomaterial’s
within matrices or solvents is called dispersion. Dispersion can happen
either due to sudden splitting up of agglomerates into small fragments
under high stress (rupture) or due to continuous detachment of small
crumbs at a reasonably lower stress (erosion). The dispersion behavior of
CNFs and CNTs depend on a few critical factors such as length of
nanomaterials, their entanglement density, volume fraction, duration
sonication, and attractive forces (Sobolkina et al. 2012).

Dispersion of CNTs and CNFs is one of the major factors that
strongly effect the properties of Nano composites. These nanomaterial’s
have strong affinity to agglomerate due to existence of attractive forces
(Van Der Waals). Nano carbonshave relatively high melting point close
to 4000 K or 3675°C (Jorio et al. 2007). This exhibits a superhydrophobic
property and chemically inert material (Wang et al. 2007), and Nano
carbons are attracted due to Van Der Waals forces, producing the fibers
to tend to agglomerate, thus, preventing their dispersion in solvents
(Baughman 1999; Hilding et al. 2003; Kang et al. 2006).

Thus, to improve carbon nanomaterial’s dispersion in composite
matrices, numerous approaches have been employed recently, and are
broadly categorized into chemical and physical techniques.

Chemical Methods
A lot of research is conducted on chemical methods to attain
homogeneous dispersion of carbon nanomaterial’s in water and different
polymers such as using solvents (Ausman et al. 2000), surfactants (Pang
et al. 2009; Vaisman et al. 2006), functionalization with acids (Peng et al.
2003), amines (Wang, Igbal, et al. 2005), fluorines(Lavskaya et al. 2009),
plasma (Felten et al. 2005), microwave (Wang et al. 2006) and matrix
moieties  (Gonzalez-Dominguez et al. 2012), noncovalent
functionalization (Lee et al. 2007), using block polymers (Nativ-Roth et
al. 2007; Xin et al. 2008), wrapping conjugated polymers (Haggenmueller
et al. 2008).

Many of the chemicals used disclosed negative effect on Nano
carbons, as they (chemicals) digest the fibers thus producinglesseffective

71



2023 Al i) cpa J9Y1 Ciuail) (pa 15 daad) (Araladl & gall) dlae

fibers, and surfactants frequently result in bubbles to form in the
composite dropping the strength of the material (Mo&Roberts 2013).
YuandKwon (2009), employed the surfactants as nanomaterial dispersant.
They found the lack of connectivity of nanomaterial’s within
cementitious matrix due to blocking by surfactant molecules, and this
affects the electrical and piezoresistive properties of Nano composites.
Yazdanbakhsh et al. (2009), reported problems in cement hydration when
used surfactants to disperse carbon nanomaterial’s in polymeric matrices;
they delay or prevent hydration, entrap air in the cement paste or react
with the water-reducing admixtures, resulting in reagglomeration.

Studies showed that acid treatment can damage or shorten CNFs
and CNTs or even dissolve them. These opposing effects did not allow
significant improvements in the mechanical properties of hardened
cement paste (Kowald&Trettin 2004; Li, Wang, et al. 2005).Furthermore,
acid-treatment resulted in serious loss of the materials as well as
deterioration of CNT qualities (Chen et al. 2008).

Al-Rub et al. (2012)studied the compatibility of the surfactant to
disperse the CNTs with cement, they observed that the chemical reactions
could defer or even end the hydration and the hardening process of the
cement paste. Sobolkina et al. (2012)used sodium dodecyl sulfate (SDS)
on CNTs surfaces, and found it resulted in high concentration of
surfactant in water, which led to foam formation and high porosity of the
cement paste. Cui (2013)observed the effect of two types of treatments on
CNTs, with and without chemical treatment (surface functionalization), to
improve the concrete properties, they found that the improvement in
compressive strength was not meaningfully different.

Surfactants molecules position themselves between the layers of
clay by H-bond formation, this can reduce the electrostatic interactions
between the clay particles. Resulting in reduced zeta potential of the
system (Tun¢&Duman 2008). Furthermore, when surfactants are used in
soil, they can increase chemical concentration, thus dropping the
thickness of the double layer. This will cause the particles to come closer
and net force is then attractive (Oweis&Khera 1990). In this situation, the
particles flock to each other in a random fashion and form loose arrays,
resulting in a flocculated structure. This soil structure will finally produce
increase in pore or voids for fluids to pass through therefore increasing
the hydraulic conductivity of the soil (Taha et al. 2005).

4.2 Physical methods

Ultra sonication is employed to disperse nanoparticles in water solution.
It is found that good dispersion of nanoparticles in aqueous solution is
commonly achieved. Carbon nanomaterial’s (CNTs and CNFs) can
successfully be ultrasonically dispersed in a water solution (Cui 2013;
Vera-Agullo et al. 2009). Additionally, EdwardsandBremner (1967);
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Firoozi et al. (2015)used Ultrasonic for dispersion of soil particles
without pre-treating or adding a dispersing surfactant. They summarized
advantages of ultrasonic dispersion as, it does not destroy organic matter
of soil, does not change the soil pH, electrical conductivity, or cation
exchange capacity, and resultant suspension is stable.

In ultrasonic process, electrical voltage is transferred to mechanical
vibrations, which lead to development and collapse of microscopic
bubbles. During this process (known as cavitation), millions of shock
waves are formed and a high level of energy is freed (Gopalakrishnan et
al. 2011).
CNTs contribute to the compressive strength from the physical
development with no chemical interaction between the cement matrix and
CNTs (Chaipanich et al. 2010). SEM micrographs exhibited good contact
between carbon nanotubes and the fly ash cement matrix, with carbon
nanotubes performing as a filler and resulting in a denser microstructure
and higher strength, when compared to the reference fly ash mix without
CNTs. The carbon nanotubes were well dispersed by ultrasonication and
it is an external mechanical energy that helps the particles to overcome
the attractive Van der Waals force at contact Jiang et al. (2003).
Inam et al. (2013), achieved dispersion of carbon nanotubes, by using
sonication and mixing in the epoxy matrix, it was observed that the
nanocomposites containing carbon nanotubes had high tensile strength,
elastic modulus, fracture strain and fracture toughness. Likewise,
NochaiyaandChaipanich (2011) testified that the addition of CNT without
surfactant, enhanced compressive strength of cement-based materials, by
filling the pores between the hydration products of Portland cement
Researchers examined the effects of dispersion of CNT with
ultrasonic on the engineering properties of CNT-OPC pastes, they
reported that the physical techniques (Ultrasonic), can enhance the
workability, flexural strength and Young’s modulus(Zou et al. 2015).
The bond between particles and fibers drops when the fibers are reduced
in size. Yazdanbakhsh et al. (2010) dispersed CNFs by 15 min of
ultrasonic processing in water—superplasticizer solution. The TEM
images displayed that the CNFs were shattered and shortened after
sonication. This point is important because some of the important
properties of fibrous materials, such as better toughness, are connected to
the elastic and frictional bond between fiber and composite. Therefore,
ultrasonic timing must be controlled and optimized for best dispersion
and least damage. In the meantime, sonication (especially if it is done for
a long period) can hurt and shorten the CNFs—CNTs (Dumée et al. 2013;

Huynh&Hawkins 2010; Yazdanbakhsh et al. 2010).
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5. Conclusions

CNTs and CNFs have unique properties which generate the wide range of
applications in composites in construction fields. Although CNFs have
lower strength and elasticity modulus than CNTSs, yet they are very strong
and stiff compared with materials such as steel. With the incorporation of
Nano carbon as fillers, significant effect on mechanical properties of
mortars has been discovered.

Nano carbons as nanofibers exhibit a super hydrophobic property, and
chemically inert material, which does not absorb or react with the natural
composite (moisture) or leachate. However, the key to its successful use
In concrete is proper mixing. Two types of mixing methods are in use i.e.
chemical and physical mixing. Chemical mixing tends to damage NC,

thus, physical mixing can overcome this problem.
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