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Abstract

In recent years, the world of science has started to produce advanced materials
and technology in the nanoscale, which known as nanotechnology. The use of
nanotechnology has become wide spread in all branches of science, one of the
important branches is the field of transportation. The application of nano-
technology in pavements showed great promise and the potential to change
commonly used materials, which makes transportation more efficient, smart
looking, stronger and durable that all lead to the extension of their life cycle of
the roads. So, there is an essential need to prepare advanced nanotechnology
tools and detection systems contain very recent instruments needed for nano-
technology studies, since the physical, chemical and biological properties of
the material at nanoscale differ in fundamental and valuable ways from that at
normal scale. In this work the different techniques in measuring and detection
techniques in nanotechnology will be discussed the method of operation and
accuracy of each technique will be evaluated, the main applications of each
technique in industrial and construction field will be evaluated.
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1. Introduction

Necessity of Present Work:
This study focused on the state of art of using nanotechnology in enhance-

ment of transportations and pavements.

Helel et al (2016) [1], carried out M.Sc. Thesis about “The performance of

Asphalt binder enhanced with nanomaterials” and found that: Asphalt resis-
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tance to permanent deformation enhanced using the right content of na-
no-modifier (3% nano clay and 7% N S F by weight of asphalt).

Arpit et al. (2015) [2], published an article about “Overview of nanotechnol-
ogy in Road Engineering”, and found that: The application of nanotechnolo-
gy can improve the overall competitiveness of the Road Engineering Indus-
try.

Helal et al (2018) [3], carried out an investigation about “Predicted perfor-
mance of hot mix asphalt modified with nano-montmorillonite and nano sili-
con dioxide based on Egyptian conditions” and found that: The nano-modified
mixes showed better AC (Asphalt Concrete) layer rutting resistance com-
pared to control mix, furthermore, the 3% NMMT (nano-montmorillonite)
modified mix exhibited better AC rutting resistance compared to the other
investigated mixes.

Faruqi (2015) [4], published an article about “State-of-the-art review of ap-
plications of nanotechnology in pavement materials”, and concluded that: It
is observed from this review that nanotechnology can help to improve the
performance of transportation construction materials and this may eventual-
ly lead to the extension of their life cycle.

Helal et al. (2016) [5], carried out an investigation about “Evaluation of As-
phalt binders modified with nano clay and nano-silica”, and found that na-
no-silica synthesized from silica fume tends to decrease the penetration value
and increases the softening point temperature, while nano clay increase the
penetration value and decrease the softening point temperature, also the Dy-
namic Shear Rheometer (DSR) results showed obvious improvement in the
performance grade leading to higher resistance to permanent deformation.
Jinu et al (2019) [6], published A. Review “Potential Applications of nano-
technology in Transportation” and concluded that: Nanotechnology in the
field of transportation will put an imprint in the development of our society,
since significant improvements in comfort, safety and economy in transpor-
tation systems will be achieved simultaneously when nanotechnology will be
applied, which make pavements more efficient, smart looking, stronger and
durable.

Helal et al. (2016) [7], carried out an investigation about “Evaluation of As-
phalt Enhanced with Locally Made Nanomaterials” and found that:

Hot Asphalt mixtures prepared by using 7% NSF (Nano Silica Fume) had
better Marshall Stability and loss of stability that that obtained by control hot
asphalt mixtures (H M A).

Hot Asphalt mixtures prepared using 3% nano clay had improved also Mar-
shall stability than control (H M A) but with higher loss of stability.

Nanomaterials have different applications in modern life as shown in Figure 1

[8] [9]. This study is aiming to achieve the following purposes:

Helping in finding the right way, of using the nanomaterials in construction

development and transportation field.
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Figure 1. Innovative application of nanotechnology [8] [9].

- Guiding in finding of an external application (in organizations, factories and
companies), which related to construction process [10] [11].
The Nanotechnology in building and construction fields are planned to
achieve the following aims:
1) Synthesizing and preparing of the required Nanomaterials [12].
2) Dealing with the Nanomaterials in different applications.
3) Enhancement the properties of pavements using nanomaterials.
4) Enhancement the properties of steel using nanomaterials.
5) Production of smart concrete and smart building and smart transportation
[13] [14] [15] [16] [17].
6) Improvements of glasses to increase daylighting and decreasing thermal ef-
fect using nano TiO,.
7) Purification of drinking water using nano membranes [18].
8) Development of energy efficiency in building using nanotechnology.
9) Improving the efficiency of the components used in solar systems for gene-
rating electricity using nanotechnology [19] [20].
The above goals will need developing methods such as:
- New preparing method to achieve the size, shape and mode of the used na-
nomaterials that causes the required effect [21] [22].
- The suitable method of using nanomaterials in coating, doping, matrix and
interfaces [23] [24].
- The tools that helping in achieving the above items.
- Precautions that could be taken into consideration through working in each
item [25] [26].

2. Measurements and Detection Techniques in
Nano-Technology
Nano Indenter

1) The Nano Indenter Apparatus
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It enables Users to perform and understand mechanical tests on the micro and
nano scales as shown in Figure 2(a), Figure 2(b).

Surface and near-surface mechanical properties of thin films and coatings can
be critical to their final performance. The rapidly expanding field of depth-sensing
nanoindentation provides a quantitative method for mapping the mechanical
properties, such as hardness and elastic modulus, of the surface/near-surface re-
gion. Quantification is possible through the use of diamond indenters with
welldefined tip geometry, combined with established models for determining the
mechanical properties from the measured data. Nanoindentation has been em-
ployed extensively to characterize the mechanical properties of a wide range of
hard coatings and surface-modified layers. The principle behind nanoindenta-
tion is similar to micro hardness testing, which employs greater applied load so
that the residual indent can be measured optically [27].

The nano test is a system depends on the electromagnetic sensing technique,
The electrical current in coil leads to generation of electromagnetic field, it is
cause the rotation motion of pendulum on its central axis and the friction force
is eliminated, movement of pendulum leads to the surface penetration by di-
amond test probe, The displacement of the diamond probe is measured on the

Optical detector
—— —p———

I_ . || Adaptor to head

Dust cover Tip —  Side view Flexurespring

prism

(b)

Figure 2. (a) (b) The nano indenter apparatus.
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nanometer scale by electrical sensor, the sensor consists of capacitor with paral-
lel plates [28].

A Berkovich (three-sided pyramidal) diamond indenter was used for all the
indentation testing. In view of the rounding of the indenter at the tip, it is ne-
cessary to determine the area function of the indenter to obtain meaningful val-
ues of hardness and modulus. The area function for the diamond, which is used
to determine the contact area for a given depth, was calibrated by indentations to
different depths into fused quartz (load range: 0.5 - 200 mN). Fused quartz is an
isotropic material used as a calibration standard by the nanoindentation com-
munity because its hardness and elastic modulus do not vary significantly with
indentation depth. The area function for the diamond used in this work was
A=23.1n7 +1278h

function of an ideal Berkovich diamond is A = 24.5/%. Fused quartz was also

. » where A_ is the contact depth. For comparison, the area
used to determine the instrument (frame) compliance, which was 0.81 nm/mN
for the instrument used in this work. The measured depth is adjusted for the ef-
fect of instrument compliance in the instrument software [29].
2) Indentation Data Analysis

The depth vs. load raw unloading data was fitted to a power-law function, as
originally proposed by Oliver and Pharr [W. C. Oliver, G. M. Pharr, J. Mater.
Res. 7 (1992) p. 1564], to determine the hardness and modulus of the film, after

correction for the effects of instrument compliance

Contact compliance C= total compliance (C,) — machine compliance (C,,)

where contact compliance = 1/contact stiffness. The power-law function has the

form
P=a(h-h,)" (1)

where P is the load, (4 — A, is the elastic displacement, a and m are material
constants. The indenter contact (or plastic) depth, A, is determined from the ex-

pression:

he =Ny —V(CPoy ) (2)

c

where Cis the contact compliance equal to the tangent at maximum load (2,,).
The value of vis a function of the indenter geometry and depends on the pres-
sure distribution that is established after the plastic deformation. For flat punch
indenter vis 1, whereas for a Berkovich indenter, as used in this study, vis taken
as 0.75 since most indenters have a rounded tip. The plastic depths correspond
to these indenter geometries. The diamond area function A (4. was determined
separately from indentations into fused quartz.

The hardness (H) is determined from the peak load (Z,,,) and the projected

area of contact, A:

H=P,/A (3)

To obtain the elastic modulus, the unloading portion of the depth-load curve

is analyzed according to a relation, which depends on the contact area:
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C=v* (2ErA°'5) (4)

where C is the contact compliance and £, is the reduced modulus defined by
VE, =(1-v2)[E, +(1-v)/E (5)

where v, the Poisson’s ratio for the sample, v, the Poisson’s ratio for the indenter
(0.07), E, the Young’s modulus for the sample and E, the Young’s modulus for
the indenter (1141 GPa).

In all the data reported in this paper, the loading data have been fitted to a
power-law function in the instrument software to determine this depth offset, as

has been done previously.
P=a(h-h)" (6)

where P is the load, A, the real depth zero, a, a material parameter and n, the

index of the deformation (indentation exponent).

The mechanical properties such as hardness, stiffness and reduced modulus of
nano layers and thin films can be measured by nano indentation techniques.
(Nano-test 600 instrument), the diamond probe in the shape of pyramid with
three side edges is the indentation tool, the peak loads are the main parameters
in the measurements,

The loading rate is equal to the unloading rate of the capacitor so it gives the
required indication [30] [31].

Minimum value for 1 indentation and experimental conditions as initial
(contact) load and holding period at peak load at specific time were used for all
the measurements. The indentations were repeated at least five times at each
load on different regions of the sample surface apart with specific distance [32].

Two scientists called Oliver and Pharr invent fitting technique relate the pow-
er of unloading curve to the indentation resulting from different loads so the
mechanical properties such as hardness, stiffness and reduced modulus can be
measured by nano-indentation technique [33].

3) The Nano Indenter Benefits
The most important technique in the nanoworld measurements is the nano in-
denter because it is unique in measuring mechanical properties; it has different
application in plastics, new materials, composite materials, Lithography, elec-
tronics, Manipulation and life science

The main advantages are:
¢ Standardized measurements of Young’s modulus and hardness according to

ISO 14577 [31].

* Controlled and quantitative scratch testing. In addition to Quick and easy
results with little sample preparation.

¢ Unparalleled dynamic range in force and displacement.

e Support from a world-renowned scientific staff. A platform that expands
with your testing needs to allow: frequency-specific test, quantitative scratch
testing, integrated AFM-style imaging, high-temperature testing, expanded
load capacity up to 10 N.
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* Custom experiments and user-friendly finite-element simulations [30].

3. Atomic Force Microscope

The Atomic Force microscope is one of the most important technique in nano
world, it is mainly used as qualitative analysis technique, the ultra-high-resolution
photos resulting from (AFM) technique are very important in different na-
no-materials application as shown in Figures 3(a)-(c), it is the most important

technique in the atomic resolution scale [18] [32].

4. The Nano Particle Size Analyzer

This tool is designed to measure the size of the particle in nano scale addition of
Measurement of the zeta potential

Measuring of zeta potential is important for determining the effectiveness of
the stabilization of a colloidal system by electric charge, thus reducing the possi-
bility of aggregation. Particulate dispersions can be designed to be colloidally
stable by controlling chemical parameters in both the dispersed and continuous
(solvent) phases, which directly affect electrostatic repulsions. The NICOMP
380/ZLS instrument provides the colloidal chemist with an important tool for
measuring the zeta potential of a wide variety of particulate dispersions. Our
simple, innovative design has yielded a product which is equally effective in both

the research lab and production environment [18] [25].
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5. Zeta Potential

Zeta potential is measurement technique to determined surface of charged col-
loids with accuracy of the Zeta potential is +20 mV, in other words the Zeta po-
tential can be used to evaluate particle concentration, distribution, adsorption,
ionization and so on. The different manufacturing parameters such as particle
stability, Basicity (PH), bio compatibility, temperature, circulation time and
other parameters can be determined by zeta potential [26].

To understand the Zeta potential technique which shown in Figure 4 and its
importance in the industry, nanotechnology and nano-science let us give exam-
ple about Zeta potential application, in paper industry the amount of additives is
very important factors specially cationic and anionic, Zeta potential is also very
important technique during storage technique of materials, it can be used to
evaluate the changes in characteristic during storage which can affect its charac-
teristics [29] [30].

A double layer exists around each particle. If a particle is negatively charged a

thin layer of positive charge forms around the particles (the stem layer). Beyond

Zeta Potential

(Large-particle approximation for spheres)

€ = 4nn(v/E)/e
Al

T Dielectric constant

Electrophoretic
mobility (u)

M. Hubbe

Viscosity

Zeta Potential

Stem Layer

REPRESENTATION
: 4+ OF ATIRACTED
LAYERS AND ZETA

POTENTIAL

electric
polential
(millivilts)

Nernst

Potential
1 Zeta
:Potential

Distance (Angstrorns)

Figure 4. Zeta potential.
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the stem layer, there is a wider layer of mostly opposite charge known as the dif-
fuse layer.

The potential at the surface of the particle is designated the NERNST potential
and the potential at the shear plane is designated the ZETA potential.

ZETA potential is a useful measurement quantity because it is measure of

surface activity in colloidal particles

6. Scanning Tunneling Microscope (STM)

The concept in the working theory of (STM) is the detection of the current go
through the circuit between the tip and substrate. In these techniques both the
scanning tip and the substrate must be made from conducting materials such as
metals and metal-based materials [29] [33].

The process is controlled by computer and piezo electric effect element such
as piezo robot. The main parameter must be controlled is the distance (d) be-
tween metallic scanning tip and conducting substrate. The output feedback vol-
tage resulting from the closed circuit between tip and substrate is the main indi-

cation value of the quality of the scanning technique as shown in Figure 5.

Electronics
computer
feedback Computer screen
Voltage set point > Piezo robot
X&Y o

scanner
F

Tungsten tip L
T

v

R —

T

Figure 5. Scanning tunneling microscopy (STM). (1) Sample, (2) Sample holder, (3)
Clamps, (4) Tip, (5) Tip holder, (6) Piezoelectric scanner tube, (7) Approach motor rod,
(8) Motor mount, (9) Approach mount, (10) Quartz balls, and (11) Zener Diode.
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7. Comparing Different Techniques

The most important techniques in the nano-technology world detection are dis-

cussed above, Table 1 shows comparison between different techniques accord-

ing to function and operation technique.

Table 1. Comparing between different techniques.

No Name

1 Nano Indenter Apparatus

2 Atomic Force Microscope

3 Nano particle size analyzer

4  Zeta Potential

Scanning Tunneling
Microscope (STM)

Idea of work

applied load affect indentor so
residual indent can be measured
optically

Optical system with ultra-high
resolution

stabilization of a colloidal system
by electric charge

determined surface of charged
colloids with accuracy of the Zeta
potential is +20 mV

The output feedback voltage
resulting from the closed circuit
between tip and substrate is the
main indication of the quality

Function Notice

the electromagnetic sensing
Measure mechanical properties technique, the electrical current
(reduced modulus, hardness, stiffness) in coil leads to generation of

electromagnetic field

qualitative analysis technique for high
resolution photos

measure the size of the particle in
nano scale

evaluate particle concentration,
distribution, adsorption, ionization

determined surf: f charged
particle stability, Basicity (PH), bio etermined surface of charge

o colloids
compatibility, temperature,

circulation time

Used as manufacturing method

Scanning and processing of metal
& P & beside scanning

8. Conclusions & Recommendations

1) The application of nanotechnology in pavements showed great promise and

potential to change commonly used materials which make transportation more

efficient, smart, stronger and durable, which all lead to the extension of the life

cycle of the roads.

2) The state-of-the-art review of application of nanotechnology in pavements

and transportation showed that: nanotechnology can help to improve the per-

formance of transportation construction materials which leads to improve com-

petitiveness of the road engineering industry.

3) Application of nanotechnology in the field of transportation will put an

imprint in the development of our society, since significant improvement will be

achieved in comfort, safety and economy of transportation systems simulta-

neously when nanotechnology will be applied.

4) There is an essential need to prepare advanced nanotechnology tools and

detection systems, contain very recent instruments needed for nanotechnology

studies, since the physical, chemical and biological properties of the material at

nanoscale differ in fundamental and valuable ways from that at normal scale.

5) The new techniques are Nanoindentation techniques, which evaluate the

mechanical properties of the nano-materials such as reduced modulus, stiffness

and Hardness.
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6) Atomic Force Microscope is the most important tool for Nano Technology,
it is commonly known as the eye of nano and it’s served all Nano Technology
Applications. So, the AFM is measuring tool at Nano Scale which can give us the
ultra-High-resolution Image which can reach to atomic resolution and also
high-resolution measurements at nanoscale.

7) The size and shape of the nanoparticles can be determined in terms of dis-
tance, the theory of equipment work depends on electrical repulsive force, the
Zeta potential technique is considered as the best evaluation for the force mag-

nitude and direction.
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