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ABSTRACT



The work presented in the thesis entitled, “Studies on
certain aspects of Ti, and Ti, Co, Ni and Cu alloys as potential
dental materials” consists of investigations of their chemical
composition, invitro electrochemical behaviour, and probable
phases and casting defects (viz. surface topographical changes)
produced on casting. The investigations related to the effects of
disinfectants on selected alloys, surface science aspects of
titanium and the influences of intentionally generated different
surface topographical characteristics of titanium on its
osseointegratibn have also been carried out. The main aim of the
present study has been to understand the behavioural aspects of
titanium and some alloys, and to study their suitability for

clinical applications as potential dental materials.

The chemical composition of different batches of nery
developed Ti, its alloys, viz. Ti-10Co and Ti-20Co, and Ni-Cr,
Co-Cr-Mo, Co-Cr—Mo—Si and Cu-Ni-Al alloys has been determinéd by
H, CS and ON analysers, and atomic absorption spectroscopic

technigue.

The invitro electrochemical behaviour has been studied by
electrochemical measurement systems in saline and saliva media
under the aerated environment to understand the overall
electrochemical behaviour, to investigate the effects of chemical
composition on their corrosion behaviour, and to quantify the
corrosion rate of these potential materials for dental applications.

The mechanism of corrosion of these materials under the media of

(i)



study has been proposed. The study has been conducted adopting open
circuit potential and polarisation resistance techniques to
evaluéte their nobility, stability and passivity, and anodic and
cathodic polarisation techniques to evaluate anodic and cathodic
Tafel constants, and also to determine the corrosion current
densities and corrosion rates for comparison of these materials
in saline and saliva media. The potentiodynamic polarisation,
cyclic polarisation and corrosion behaviour diagram techniques
have been further adopted to understand and compare their
passivation tendency, relative stability of passive film, active
to passive transition, pitting and crevicing tendency, and overall
electrochemical behaviour of these materials. It is inferred from
the data that all the materials show rise in potential in qoble
(positive) direction and stabilization within an hour. In saline
medium>the order of corrosion rate is Co-Cr-Mo-Si < Co-Cr-Mo <,
Ti-10Co < Ni-Cr(BC) < Cu-Ni-Al < Ti-20Co < Ni-Cr(LC) < Ti, and in
saliva medium the order is Ni-Cr(BC) < Co-Cr-Mo =~ Co-Cr-Mo-Si <
Ni-Cr(LC) < Ti-10Co < Ti < Ti-20Co < Cu-Ni-Al [BC means bulk cast
and LC means lab cast] . The very low calculated values of corrosion
current densities and corrosion rates are indicative of their
higher corrosion resistance. The Ni-Cr and C.u—Ni'—Al alloys have
shown pitting tendency and poor nature of passive film. The sample
surfaces have .also been examined by scanning electron microscope
(SEM) before and after polarisation to reveal the modes of
corrosion. The scanning electron micrographs suggest that there

is general corrosion of all materials.
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The materials have been investigated by XRD technique for
probable phasés present in them. The diffractograms and data
suggest that Ti has h.c.p. a phase structure, and Ti-Co alloys have
b.c.c. B-Ti and £.c.c. Ti,Co like phases, and Ni-Cr indicates cubic
Ni and f.c.c. y’-Ni,Al like phase structures. In case of Cu-Ni-Al
the study indicates the presence of f.c.c. a-Cu, h.c.p. B*-Cu,Al,
and cubic y-Cu,Al, probable phases, where as in Co alloys the phases
are h.c.p. a-Co and f:c.c. B-Co like. The addition of Si gives

indication of h.c.p. CoMoSi as probable third phase.

The casting defects and pits (viz. surface topographical
changes) generated on bulk and lab casting have been investigated
using SEM by recording their secondary electron images. The SEM
scans of Ti-Co alloys show dendrite regions with distributed
shrinkage and porosity, and those of Co—Cr-Mé alloys show arrays
of dendrites and widely distributed defects with large and circular
pits and reduced shrinkage. The Co-Cr-Mo-Si alloy has shown reduced
casting defects. The Ni-Cr alloy shows small but scattered pits
with reduced casting defects, viz. microporosity. The observations

in general correlate with other studies.

The post-reaction effects‘of disinfectants on selected
alloys have been stydied by optical microscopic (OM), profilometric
scanning’ (PS) and SEM techniques. The éoncentrated solutions
(10% by volume and more) of NaOCl-10% produced marked small pits
and enlarged old pits with no discernible grain structure. The
phenol based disinfectant (cidex-7) is foﬁnd to be safe even at

higher concentrations. Overall, these disinfectants produce least
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pitting corrosion on Ni-Cr alloy, and minor adverse effects on

Co-Cr-Mo and Co-Cr-Mo-Si alloy surfaces.

The influences of various surface preparative procedures
on potential implant material, e.g. Ti, have been studied under
_controlled etching parameters to evaluate percent weight loss
(etching rate) by ,percent weight loss measurements and surface
topography by OM, PS and SEM techniques; The improved uniform
surface roughness, i.e. microstructure has been observed on
titanium samples after reactions with HC1-H, SO, acid mixtures, when

compared with conventionally prepared samples.

The biocompatibility studies by radiographic, OM, PS and
SEM techniques reveal significantly higher percent level of
osseointegration in chemically reacted screw type Ti implant

samples.

(iv)



CONTENTS

CHAPTER-I GENERAL INTRODUCTION

1.1

1.2

1.3

1.4

1.5

1.6

INTRODUCTION
METALS AND ALLOYS IN SURGERY / DENTISTRY

CURRENTLY USED METALS AND ALLOYS IN SURGERY /
DENTISTRY

1.3.1. Precious Metals Based A lloys

1.3.2.  Austenitic Stainless Steel Alloys

1.3.3. Nickel-Chromium Based Alloys

1.3.4. Cobalt-Chromium Based Alloys

1.3.5. Copper Based Alloys

1.3.6. Titanium and Its Alloys

GENERAL REQUIREMENTS FOR DENTAL MATERIALS
FACTORS AFFECTING DENTAL MATERIALS

1.5.1. Biological Factors
1.5.2. Mechanical and Chemical Factors

PRESENT STUDY : OBJECTIVES AND SCOPE

TABLES

CHAPTER-1I MATERIALS AND METHODS

2.1

2.2

2.3

24

2.5

2.6

ELEMENTAL A'N ALYSES

INVITRO ELECTROCHEMICAL BEHAVIOUR STUDIES
X-RAY DIFFRACTION (XRD) STUDIES

SCANNING ELECTRON MICROSCOPIC (SEM) STUDIES
EFFECTS OF DISINFECTANTS

SURFACE SCIENCE ASPECTS

SN U R

13

13
15

18

21

29

31

37

38

38

40



CHAPTER-III RESULTS AND DISCUSSION

3.1

3.2

33

34

35

3.6

ELEMENTAL ANALYSES

INVITRO ELECTROCHEMICAL BEHAVIOUR STUDIES

321
322
323
324
3.2.5.
3.2.6.
327
3.2.8

Opén Circuit Potential (OCP) Study

Anodic and Cathodic Polarisation Studies
Polarisation Resistance Study
Potentiodynamic Polarisation Study

Cyclic Polarisation Study

Corrosion, Behaviour Diagram (CBD) Study
Scanning Electron Microscopic (SEM) Study
Conclusions

TABLES
FIGURES

X-RAY DIFFRACTION (XRD) STUDIES

Conclusions

TABLES
FIGURES

SCANNING ELECTRON MICROSCOPIC (SEM) STUDIES

Conclusions

FIGURES

EFFECTS OF DISINFECTANTS

3.5.1.
3.5.2.
3.5.3.
3.5.4.

Optical Microscopic (OM) Study
Profilometric Scanning (PS) Study

Scanning Electron Microscopic (SEM) Study
Conclusions

TABLES
FIGURES

SURFACE SCIENCE ASPECTS

3.6.1.
3.6.2.
3.6.3.
3.6.4.
3.6.5.

Percent Weight Loss Measurements

Optical Microscopic (OM) Study
Profilometric Scanning (PS) Study

Scanning Electron Microscopic (SEM) Study
Conclusions

44

45

47
48
50
52
53
57
60
62

64

71

87

89

104

105
106
108
110

111

113

115
116
118
120
122



TABLES 124
FIGURES

CHAPTER-1V BIOCOMPATIBILITY STUDIES

4.1 INTRODUCTION 126

4.2 MATERIALS AND METHODS 129

4.3  RESULTS AND DISCUSSION 130
4.3.1. Radiographic Study 130
4.3.2.  Optical Microscopic (OM) Study 131
4.3.3. Scanning Electron Microscopic (SEM) Study 133

44  CONCLUSIONS 134
FIGURES

CHAPTER-V SUMMARY AND FURTHER SCOPE OF THE WORK

5.1 SUMMARY OF THE WORK | 136
5.2 FURTHER SCOPE OF THE WORK 144
FIGURE

REFERENCES 146



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

