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English: Osseointegration is a process in which integration of the implant to the bone
is improved to enhance the mechanical stability of the implant. This is done by micro-
roughening the surface of the implant by various techniques such as sand-blasting fol-
lowed by chemical etching. The micro-roughened surface, thus forms a strong interlock
with the bone and improving the stability. However, only the surfaces that proceed
towards the root of the tooth are needed to be micro-roughened and the upper surfaces

of the implant are needed to be protected.

Currently, there is no literature about processes and materials that protect a part of
the dental implant when subjected to SLA (Chemical treatment) process. This thesis is
an experimentation to protect the upper portion of the implant, by using Low-surface
energy (LSE) polymer tapes, chemically inert tapes and Bio-inspired design of caps.
The experiments were carried out to see how Low surface energy polymer (LSE) tapes
& chemically inert tapes would withstand the high corrosive nature of the acids and
how Bio-inspired caps act as an effective sealing agent in protecting the surface of the
implant. Also, on how ”Claw inspired structures” can be used in a entirely different

application, that is as a sealing agent.

Keywords: Dental Implants, Osseointegration, Super-hydrophobic surfaces, Nano-structures,

Low surface energy polymers and Bio-inspired and Bio-mimetic structures.



Italian: L’Osteointegrazione € un processo che migliora 'integrazione delle protesi con
losso, al fine di garantirne stabilita meccanica. Cio viene ottenuto, eseguendo un micro-
irruvidimento della superficie dell’impianto, tramite vari processi, quali la sabbiatura
seguita da incisione chimica. La superficie micro-irruvidita funge in questo modo da
congiunzione serrante con 1’osso, migliorandone la stabilita. Tuttavia solo la superficie
che penetra la cavita radicale del dente necessita un processo di micro finitura, mentre

la superficie dell’impianto che resta esposta deve esserne esclusa.

Allo stato dell’arte non & presente alcuna letteratura riguardo processi e materiali atti a
proteggere aree specifiche degli impianti, quando sono soggetti a trattamenti superficiali
SLA (Trattamento chimico). Questa tesi & una ricerca sperimentale sulla protezione
della porzione superiore nelle protesi dentali, tramite 1'utilizzo di adesivi polimerici a
bassa energia superficiale LSE (Low surface energy) e di capsule ispirate al bio-design.
Gli esperimenti sono stati eseguiti per studiare come gli adesivi polimerici a bassa energia
superficiale (LSE) possano essere in grado di resistere alla natura altamente corrosiva
degli acidi e capire come le capsule dentali ispirate al bio-design possano fungere ef-
ficacemente da elementi sigillanti, proteggendo la superficie dell’'impianto. Lo studio
esplora 'utilizzo delle strutture ad artiglio in un’applicazione completamente diversa

come quella di strutture sigillanti negli impianti dentali.

Parole chiave: Impianti dentali, odontotecnica, osteointegrazione, superfici superidro-
fobiche, nano-strutture, polimeri a bassa energia superficiale, strutture bio-ispirate e

bio-mimetiche
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Chapter 1

Introduction

Dental implants are becoming more and more popular. These dental implants help in
restoring diseased and traumatized teeth, neighbouring tooth structure and tissues [1].

Dental implant materials are divided into three categories
1) Metallic

2) Ceramic

3) Polymer based

Dental implants are more suitable for adults with good general health. These implants
can be only used once the jawbone has stopped growing \The main aim during the
placement of any implant is to achieve immediate close contact with the surrounding
bone"[1]. Dental implants today are highly predictable and highly invasive. About 98

percent to 99 percent of the implants placed in the bone are used to integrate with

Figure 1.1: A graphic of the dental implant



Introduction 2

Figure 1.2: A graphic showing the implant with bone integration

Figure 1.3: A graphic showing the bone growing on the implant

the bone. The implants need to be bio-compatible [1]. Originally implants were rst
introduced by Professor Branemark in the 60's.

Many implants are designed in such a way that they promote the Osseointegration.
Osseointegration can be de ned as a biological phenomenon which incorporates of the
dental implant to the bone tissue [1]
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1.1 Materials for Dental Implants

As mentioned earlier, the materials for the dental implants are categorized into three
di erent types such as

1) Metallic

2) Ceramic

3) Polymer based

METALS

In the metallic category, Titanium metal is mostly used. These are titanium screws that
can be anchored in the bone of the alveolar ridge and missing teeth. Statistics show that
every year 12-14 million implants are planted annually Metallic implants have generally
crystalline structure and the atoms are closely packed. General metallic properties
include ductility, malleability, non-transparent, lustrous and hard. These metals are
combined with other materials to form alloys to enhance their physical and chemical
properties [1].

Name composition

Commercial pure titanium | Titanium

Alloy (TiZzr) Titanium and Zirconia
Titanium with coating Titanium with Hydroxy apatite

Table 1.1: Commercially available titanium implants

First generation of Titanium alloys [1].
General properties include
Machined and smooth
Minimally rough
Osseointegration was possible with smooth surface

Second generation of Titanium alloys [1].
General properties include

Micro-roughened

Achieved a higher bone-to-implant contact and they also demonstrated signs of contact
Osteogenesis

Osteogenesis : Bone is formed directly on the implant surface [1]. Below are the images
showing the di erent types of implants during the rst generation and second generation
respectively.

The advent of micro surface roughness saw a tremendous improvement in the Osseointe-
gration and the Osteogenesis. This showed a better understanding of the surface modi-
cation and its importance in the processing of implants. Further adding an insight on
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Figure 1.4: A graphic showing the surface modi cation techniques of rst generation
of dental implants and corresponding micro-structure

Figure 1.5: A graphic showing the micro-structural surface of the second generation
of dental implant

Figure 1.6: A graphic showing more predominant surface modi cation of second
generation of dental implants

the advantages (Bruser D et.al 1991) performed experiments to compare the advantages
of smooth surfaces and rough surfaces of the titanium implants. The results showed a
signi cant advantage of rough surfaces over smooth surfaces in terms of bone-to-implant
contact and the quantity of Osseointegration. Increasing the surface roughness of the
implants resulted in smaller and thinner implants and placing the implants in an area,

that was previously not possible [1].
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Third Generation implants
General properties include
Hydrophilicity
Nano-roughness
Use of Nano-patrticles or active molecules

Ceramics These are non-metallic solid materials made of certain metal oxides and
formed by the ring process. These are used as a restorative material in the dentistry.
Some of the general properties of ceramics include durability, aesthetic, bio compatibil-
ity, high melting temperature and low electrical and thermal conductance [1] A common
material used in Ceramic industry include Zirconia or Zirconium dioxide (ZrO2), com-
monly called as \ceramic steel". However, Zirconia stabilised with other oxides such as
Ceria (Ce02), Yttria (Y203), Allumina (Al203) etc [1] The main reason for the use
of ceramics is that of its aesthetics of lookalike of natural teeth. Zirconia is chemically
inert and has a week adhesion strength. It needs surface treatment to enhance the ad-
hesion property. Grit blasting is one of the mainly used chemical treatment for surface
modi cation [1]

Another main use of ceramics is the manufacture of the crown for the tooth. It is used
to keep the metal structure underneath the ceramic for more strength. Examples are,
ceramo-metal crown and porcelain fused to metal crowns.

Classi cation of dental ceramics (Gracis et al 2015 Int J prosthdont 28: 227-235) Dental
ceramics can be classi ed into three types namely,

1) Glass matrix ceramics: Contains non-metallic inorganic ceramic materials that con-
tain a glass phase

2) Poly-crystalline ceramics: Non-metallic inorganic ceramic materials that do not con-
tain a glass phase.

3) Resin-matrix ceramic: Polymer matrices containing predominantly inorganic refrac-
tory compounds that may include porcelain, glasses, ceramics and glass-ceramics.

Polymers
Polymers are also some good materials that are widely used in the dental implants.
Polymers consist of composite llings that are mixed with a ller material to form a
hard and durable substance and is build up in increments by light cure [1]. Some
examples of plastic composites that are used in dental industry are: Fibre reinforced
plastics/composites [1].

These plastics exactly have the same mechanical properties compared to enamel and
dentine.

They can be tailored to di erent structures

Easy to be shaped and polymerized to the oral cavity
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Fibre reinforced matrix-FRC Metals
No metal bleaching Better adhesive properties

Table 1.2: FRC Vs Metals

Fibre reinforced matrix-FRC Ceramics
Rough surfaces adhere more microbes and proteinsBetter aesthetics and strength

Table 1.3: FRC Vs Ceramics

Fibre reinforced composites are made up of Glass, carbon bre, polyethylene and aramid.
In general, these composites are transparent in appearance with a silicone coating. The
hydroxyl silicone coating adheres well to resin matrix [1].

In addition to the bre reinforced polymers there is cement used in dental implant
technology. Cement is classi ed into Water based, Oil based and Polymeric based resin
cement respectively. For example, Luting cement is used in the dental cavity for pulp
protection. Di erent uses of dental cement are as follows:

Pulp protection

Cavity Lining

Insulation layer

1.2 Titanium and its alloys

As mentioned earlier that titanium is playing a prominent role in implant technology.
The properties of Titanium are increased by the addition of Zirconia a ceramic material.
This addition helps in increase in the bending moments and mechanical strength. This
lead to the manufacture of smaller diameter implants. The main reason for the use
of titanium is its bio compatible nature. The material is not recognized as a foreign
material by the body. The following materials show a good bio-compatible property

Niobium

Tantalum

Platinum

Titanium

Titanium and its alloys

Titanium has been one of the best materials because of the following properties:
1) Withstand conditions of the biological environment

2) Withstand oxidative mature of the interstitial milieu

3) Su ciently inert

4) Not release toxic components or cause in ammation
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Figure 1.7: A graphic showing the starting of the growth of bone

Figure 1.8: A graphic showing the growth of bone becomes more predominant on the
dental implant

Pure titanium is a week and it needs the addition of materials to increase the strength

1.3 Need for surface treatment

The process for surface treatment includes

1) Cleaning

2) Removal of losing particles ad debris

3) Madi cation of surface The surface treatments alter the surface properties of dental
restorations physically and chemically or both ways. This helps in bonding between tis-
sue and the implants. The main purpose of surface treatment especially for the implants
is that

1) To remove the debris.

2) To increase the surface free energy

3) To create special surface micro-structure for retention

4) To maximize the molecular interaction at the inter-facial layer between two di erent
substrates.

5) Optimize the adhesion at the interface.  Some of the common techniques of sur-
face treatments include Grit blasting, Chemical wet etching etc. Chemical wet etching
processes in which, high concentration acids are used to change the surface of the im-
plant and thereby increasing the surface roughness and surface free energy. This process
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Figure 1.9: A graphic showing the chemically etched surface of the implant

helps in improving the adhesion property in di erent materials such as ceramics, metals
and composites [1]. Adhesion is a molecular or atomic attraction between two contact-
ing surfaces by the inter-facial forces of attraction from di erent molecules or atoms.
For example, a common etching agent used is Hydro uoric acid. In dental implants it
uses HF gel is most commonly used. In porcelain surface treatment about 4-10 percent
concentrated HF is used for 1-2 min to create a micro-porous structure of porcelain[1].

Finally, only the surfaces of the implant that are entering the bone area are need to be
etched and the other surfaces are not required to be chemically etched.
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Literature Survey

One of the major reasons for the use of titanium in many medical and various other
application is due to its high strength and low density (4.5g/cm3). The tensile and yield
strength are comparable to that of a steel. Bio-compatibility is one the major reasons for
the use of titanium in implant technology [2] Titanium is extensively used in chemical
processing industry due to its outstanding resistance to aggressive chemical environment.
Titanium exist in two phase crystal structure hamely alpha and beta titanium [2]

The alpha phase { Hexagonal closed packed structure [HCP]

The beta phase { Body centred cubic [BCC]

Alloying elements such as aluminium and tin tend to stabilize alpha phase, whereas
transition element vanadium is used often to stabilize beta phase. Titanium alloys
that support both phases show improved physical properties than alloys containing only
one phase stabilizes. The common one with both phase stabilizers are that contains 6
percent aluminium and 4 percent vanadium. Commonly called asTi-6Al-4V (Grade 5
Titanium) [2]

(a) BCC (b) HCP

Figure 2.1: Titanium natural occurrence in two crystal states [2]

9
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Figure 2.2: A graphic showing the photo chemical etching of Titanium

The protective layer [2]

Titanium is very reactive metal, but the resistance comes from the protective oxide layer
upon exposure to oxygen. The protective layer of titanium is only about a few Nano-
meter thicknesses. This oxide layer is continuous, consistent and highly stable. This
helps in insulating the base material from the external environment.

Photo-chemical Etching process

This process is used to produce patterns and features on metal sheets by selectively
dissolving in oxidizing agents. The process of the Photo-chemical process in brief:

1) Patterns are drawn on a computer and are photo plotted on to a Im (Black or
Clear). Depending upon the type of photo resist either the black/clear images are used
to produce the desired pattern.

2) Metal sheets are cut to match the size of the photo Im created

3) Metal is cleaned to remove the residual acids.

4) Metal sheets are then coated with a photosensitive resist. These Photo-resist materials
are sensitive to UV light and resistant to acid.

5) Now the coated metal sheets are placed in between the photo Ims and now are
exposed to UV light. The areas/clear areas where the resist is exposed it becomes
hardened. The black areas that are shielded by UV light remain soft.

6) After that the sheets are processed through a developer, where the sheets are rinsed,
and the soft photo-resist material is washed away.

7) The hardened photo-resist material remains. Now the metal is removed by using an
etchant and the metal that is protected by photo-resist material remains there.

8) The photo-resist is then removed by using a resist stripper which dissolves the resist
Conventional photo-chemical etching of titanium is performed using hydro uoric acid

or a mixture of hydro uoric acid and Nitric acid.

Use of strong acids
Due to the ability of the titanium to form a protective oxide layer on the surface once
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Figure 2.3: A graphic showing the formation of oxide layer formation on titanium
implant

Figure 2.4: A graphic showing the formation of oxide layer of 7 nm on the surface
Titanium

exposed to air, and removal of such oxide layers is very di cult. Hence there is need to
use strong acids such as HF to remove the oxide layer. In the year 2013, researchers
form Budapest university of technology and economics carried out an experiment to nd
an optimal parameter setting, where the irregularities (burns and grooves) caused my
milling procedure would disappear. The research was carried on two samples one is an
implant material Grade 2 titanium and the other is Nano-particulate titanium alloy[3]

Manufacturing process of Titanium alloys
Grade 2 Titanium alloy - Traction of raw titanium into a bar
Nano-particle Titanium alloy - Equal Channel pressing
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(@) Relative mass Vs Surface rough- (b) Relative mass Vs Surface rough-
ness - A ness - B

Figure 2.5: A graphic showing the relative mass Vs surface roughness of titanium [3]

Results showed the following criteria:

1) Longer the etching time causes greater material loss.

2) The mass of the sample reduces continuously with longer etching time. It is not worth
etching a material for a longer time more than 300 seconds (up to 5min) for both the
materials. The side with higher surface roughness is labelled as \P-Side" (Pitted side)
the side with lower surface roughness is labelled as \S-Side" or smooth side. The surface
roughness distribution as a function of time for samples are as follows

Nano-Titanium Samples { 0.22 to 0.39 micro-meters

Grade 2 Samples { 0.27 to 0.60 micro-meters [3]
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(a) Microscopic image of Surface - A (b) Microscopic image of Surface - B

Figure 2.6: A graphic showing the surface roughness of titanium [3]

2.1 Insights form previous studies

A research group from the department of dentistry, The University of Granada Spain
in 2016, conducted to measure the e ect of etching time on the typography, chemistry,
wettability and cell adhesion. During their experiment, Titanium (Ti) surfaces were
evaluated using HF acid for 0,2,3,5,7 and 10 minutes respectively.

The results showed that roughness and wetting increased with longer etching time except
for 10 min. At 10 min the roughness increased, and the wettability decreased. Wetting
and cell adhesion were reduced on the highly rough surfaces obtained after 10 min of
etching time. Highest cell adhesion was observed for 5-7 min of etching time. Surface
properties of the implant e ect the bone formation at the interface.

Bio-material surfaces usually need to be hydrophilic in nature to favour cell attachment.
The wettability of the solid surface can be quanti ed by the contact angle. Where, in
this experiment the wettability is measured by measuring the dynamic contact angle[4]
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Figure 2.7: A graphic showing the 3D images of Titanium surface with di erent
immersion times

Di erent surface topologies were taken into considerations such as arithmetic mean
roughness (Sa), maximum relative height (Sp), Maximum relative depth (Sv), Root
mean square roughness (Sq), Skewness (SSk), Kurtosis (Sku), Wenzel fraction (Sw) and
Fractal dimension (Df)[4].

Etching time of 5 and 7 min were found to achieve maximum cell attachment, which
is crucial for rapid healing of bone-implant interface

The layer of TiO2 is removed with longer etching time due to strong corrosive e ect
of HF acid on Titanium oxide

Most in uential parameters such as roughness are related to the form and distribution
of peaks. With higher peaks the surface roughness increases which also increases the
contact angle[4] Advanced contact angle is represented as

Receding contact angle is represented as
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Figure 2.8: A graphic showing the SEM images of Titanium surface with di erent
immersion times

The average of advanced and receding contact angle is represented as

. This angle is used to calculate Young's angle that is

The equation is as follows.
cosap =Sy cos;

[4]

Another research group in 2015, from the material science and metallurgical engineering
and centre for Nano-Engineering, Universitat Politecnica de Catalunya, also made ex-
perimentation on the e ect of etching time on Zirconia implants, which is an important
alloying element for titanium implants. The group has also tested the e ect with respect

to various concentration levels of the hydro uoric acid[5] The parameters such as av-
erage roughness, RMS roughness, developed inter-facial area ratio, ten-point peak-peak
height, mass loss etc. were compared with respect to etch time. All the parameters are
compared with 5, 20 and 40 percent concentrated HF. The results show that etching with
40 percent HF leads to faster and most uniform etching. Mass loss and surface roughness
increases with the time. The parameters such as average roughness (Sa) and root mean
square roughness (Sq) increases until one hour of etch time and later decreases.[5]
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Figure 2.9: Graph showing arithmetic mean roughness (Sa) and Root mean square
roughness (Sq) and Contact angle

Figure 2.10: Graphs showing various parameters with respect to Etching time
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2.1.1 Hydrophobic and Oleophobic surfaces

Micro-and Nano-structures on the silicone substrate help to repel water and other lig-
uids making the entire surfaces as Superomniphobic. The research paper points that
the construction of Nano-structures along with chemical coating with low energy surface
molecules helps in achieving the Superomniphobic surface
Coating with Per uorodeyltrichlorosilane (PFTS)- A low energy surface molecule that
enhances the repellent nature of the surface. The wetting properties are characterized
by static contact angle (CA) and contact angle hysteresis (CAH) [6] Liquids of various
surface tensions were tested on the surface and their contact angle and contact angle
hysteresis were measured. For a surface to be superhydrophobic it requires that the
contact angle (CA) greater than 150 degrees and contact angle hysteresis (CAH) less
than 10 degrees. The nature of the surface can be determined by the two states namely
Wenzel and Cassie-Baxter states respectively. A comparison between silicon micropillars
and silicon Nano-wires were established

Silicone Micropillars (P-Si) were obtained by standard optical lithography and dry
reactive ion etching (RIE). These micropillars were further subjected to metal assisted
electroless etching presenting a double scale micro and Nano structuration (P-NanoSi).

Silicone Nano-wires were synthesized via vapour-liquid-solid (VLS) growth mecha-
nism. By varying furnace pressure and reaction two surface morphologies were obtained
namely (P-SiNW-A) and (P-SiINW-B)
All the above-mentioned interfaces were coated with Per uorodeyltrichlorosilane (PFTS).
The results show that (P-SiINW-B) showed better repellent character due to extra
nanolayer and it resembles to \Slippery liquid-infused porous surface (SLIPS)" [6]

Another group of researchers, tried to make surfaces super repellent even for most wet-
ting liquids. Roughening a hydrophobic material can give us super-hydrophobic and
super-oleophobic surfaces. However, no surfaces were able to repel extremely low energy
liquids such as uorinated solvents, these solvents wet even the most hydrophobic mate-
rial. This research group suggest that use of double re-entrant structures would even re-
pel the most wetting liquids. For example, the most wetting liquid such as uorinated sol-
vents have a surface energy or tension of less than 15 milliJoules per sq.meter. To repel,
Theta* greater 90 degrees (Static contact angle), and thelheta(Roll-o )  (Contact
angle hysteresis) must be small. To super repélheta* greater than 150 degrees (Static
contact angle) and the Theta(Roll-0 ) (Contact angle hysteresis) less than 10 degrees
[7] Liquid suspension by the surface structure (or resisting liquid wetting by surface
topologies) with characteristic length smaller than the liquids capillary e ect was pro-
posed in 1960's. A re-entrant micro-structure is required to suspend the liquid and resist
it from wetting the surface. The surface structure of a doubly re-entrant topology might
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Figure 2.11: Pictures showing the SI Nano-wires grown on Micropillars

Figure 2.12:

Pictures showing the SI Nano-wire growth on PFTS coated surfaces
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Figure 2.13: Pictures showing di erent topologies and suspension of the liquid on the
structure

provide a stronger resistance against wetting and retain suspension. The major aspect
to make a super hydrophobic surface is that to reduce the liquid-solid contact fraction.
This group suggests that the air trapped inside the cavity created by the micro-structures
would aid to the repellence. This state is typically called as Cassie-Baxter state The
formulated equation is as follows,

cos =fs (cos ) fy4

[7] Where, the Liquid solid contact fraction or contact fraction. That is proportion of
the liquid solid contact area to the projected area of the entire composite interface is
represented as

fS

and the gas fraction simply de ned by liquid -vapour interface is represented as
fg

Finally the relation between the liquid-solid contact fraction and gas fraction is as fol-
lows,
fgtfs>=1

The ideal Cassie-Baxter state is as follows,
cos =fs (L+cosy) 1

Which gives us an insight that as the component decreases, thEheta* increases. As a
result, an array of doubly re-entrant structure consisting of micro-scale posts with non-
overhanging were created. Tests were performed on the surfaces with 14 di erent liquids
with di erent surface tensions or surface energies. Super-hydrophobic surfaces with ver-
tical posts could not suspend liquids with surface tension less than 40 milli Newtons
per meter. But, with re-entrant posts repelled liquids with lower surface tension ranging
from 20-40 milli Newtons per meter. Doubly re-entrant posts with vertical overhanging's
repelled all the 14 liquids (even without hydrophobic coating)[7] Another research group
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Figure 2.14: Pictures showing double re-entrant structure along with overhanging
positioned at 85 degrees

Figure 2.15: Pictures showing the graphs of di erent surface tensions of the liquid
with respect to contact angle

from the Nanoprobe Laboratory for Bio and Nanotechnology and Biomimetics (NLBB),
Ohio State University in 2015, experimented the layer-by-layer approach to fabricate me-
chanically durable, superomnipobic coatings for self-cleaning and anti-smudge[8] Their
experiment involved in an adaptive layer-by-layer approach involving charged species
with electrostatic interactions is combined with uncharged uorosilane layer to result
in a durable and superomniphobic coating. In this experiment materials such as poly-
electrolyte binders, SiO2 Nano-particles and uorosilane layers are deposited providing
the combination of surface roughness and low surface tension. As discussed in the
earlier studies, for a surface to be superomniphobic to liquids the static contact angle
(CA) greater than 155 degrees and the contact angle hysteresis/Tilt angles less than 10
degrees[8] From the Young's equation,

cos = (sv) (sh= (Ilv)

Where, the surface tension between solid-vapour is represented as

(sv)
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Figure 2.16: Pictures showing liquids on at and layer-by-layer coatings

The surface tension between solid-liquid is represented as

(sl)

and the surface tension between liquid and vapour is represented as

(Iv)

An important observation is that to make a non-repellent surface to repellent or super-
repellent, we can increase the surface roughness, and this results in the formation of
a composite air/solid interface. These rough surfaces can trap air in between and re-
sulting in a composite interface called as Cassie-Baxter state. From this study it can
be noted that uorinated components provide low surface tension and o=roughness of
the surface increase solid-liquid interactions[8] Many compounds such as uorinated
polyhedral oligomeric silsesquioxane has been used in numerous deposition techniques
including electrospinning and coating re-entrant structures to create super-oleophobic
coatings. Certain spray coatings do o er super-hydrophobic surfaces In this experiment,
to enhance the repellence, roughness was introduced vi spray deposition of SiO2. As
a result, this increase in roughness introduced an increase in oil/water contact angles
(CA) due to composite air-solid interface, typically called as Cassie-Baxter state

The materials used are Glass substrate, followed by spray coating of PDDA binder and
then SiO2 Nano-particles to increase the roughness and then again, a coating of PDDA
binder. Finally, a low surface energy polymer uoro-silane is vapour deposited at the
end[8] Research group from School of materials from the University of Manchester in
2015, experimented the behaviour of titanium while being etched in Bromine-methanol
electrolyte. Titanium and its alloys when they are exposed to aqueous electrolytes or
air, they form a dense and compact oxide layer. With a thickness of few Nano-meters.
This dense is called as titanium oxide TiO2. The results of the experiment were[9]
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Figure 2.17: Pictures showing Layer-by-layer deposition of Fluoro-Silane

Figure 2.18: Pictures showing ascending and descending angles of Hexadecane
droplets

Without the air formed TiO2 Im, pitting corrosion occurred on bare titanium sub-
strate due to the attack of Bromine

The corrosion continued from 10 to 300 seconds

The surface roughness increased with the increase in the etch time[9] Furthermore,
metal nanodot arrays were also used as a hard mask material in the fabrication of the
silicone nanowires[10] Various Nano-fabrication methods such as electron beam lithog-
raphy (EBL), allows well de ned and well positioned nanodots. However, the most
economical method in producing nanodots would be from the Nano-imprint technology
or Hot embossing technique[11]
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