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Abstract

This research was study the effect of diode laser in
hardness of the material used in the combinations of teeth
(ceramics) by using the hardness tester (TH 160) to test
the hardness .



Hardness was measured for samples divided into six
groups, each group containing ten test sample, before and
after it irradiated with the diode laser with wavelength
675 nm and power 30 mW, for a period of time two
minutes for the first group, and ten minutes for the
second. Also used a diode laser with wavelength 810 nm
and various power 30, 200, 500 mW, with irradiation
power of 200 mW for duration two minutes and ten
minutes to the third and fourth groups, and irradiation
power of 30 and 500 mW for duration one minute for the

last two groups.

The results showed that a significant increase in the
hardness of ceramic material for irradiated samples
compared to non-irradiated samples, where found that the
highest percentage of hardness was (41.6%) obtained
upon irradiation with a laser wavelength 675 nm, and
power of 30 mW for duration two minutes.

The results also showed that the increase in the irradiated
time of the samples from two minutes to ten minutes, as
well as increased power from 30 to 500 mW does not have
a significant effect in increasing the hardness of the

ceramic material.

Also we found that irradiation of samples at power 30 mW
of visible laser with wavelength of 675 nm, hardness ratio
was higher (41.6%) compared with the hardness ratio



(18.28%) at the same irradiation power but invisible laser

at wavelength 810 nm.

Lol 8530 e WLl 5 wls awl)s e el Iin s
)ilez plasizwl d3g (Siolud]) OliwYl (S 55 (9 doarZiuall
.620all LY (Hardness tester TH 160

dfgazo U+ wlegame caw o deiall wliusll :)all pulid o
(3s2la) WU uls lgramiini a9 Jud Lzl e b uiuse (ole 5o
Olisad) awioj 8 08l « wlg o 30 8,08 Liogil VO ogall Jolall g3
93 Ll ] paziwl WaS Laulill L8> uine 9 oVl ac goxoll
wdo 30 ,200 ,500 aalizxe wl osd; yingili 810 o9oll Jglall
G e g plisss 6 ual wlg o 200 6,08 il o5 cuz wlg
i) wlg o 5009 30 6,08 gusuinill g .axl Jl g &I (puic goxol
- oY uic gazxoll 82>y d848) auio

o liul) ol )l 850 8500 (w9 alboxlo 8oL ol o glol
das el gl azg s rarsia]l e wlinsll as)les  dre il
Jolall 95 5L pueiwill anic Lgde Joa> (%41.6) «uls soMuall

0liasds 80l wlg o 30 6,08) ,iogili 675 (s> g0l

e Wl oliads o wliurl) gl o 8oL Ol wlidl caxiogl LS
ad pud wlg wdo 500 I 30 (o puzuinidl a8lo 6oL liSy . 556>
e asil azg LS . ol ] 85Lo) 85Nall anws 8oL 9 S uil
675 >9oll Jolall 95 5 all SLU,jull wlg o 30 asla, gusainill
) 8ol awi a)lie (%41.6) del eodiall aws cilS yiogil
Jolall 95 5 all jue 5l g aslall wly gl 2ic (%18.28

. yingil 810 =>goll



Figure
No.

1.1

1.2
1.3
1.4

3.1
3.2
3.3
3.4
3.5

3.6

3.7

List of Figures

Title

[llustration of the three processes:(a)
spontaneous emission; (b) Stimulated

emission; (c) absorption
Elements of a laser system
Basic structure of semiconductor diode laser

Band structure of a p-n junction
semiconductor laser with:(a)Zero voltage,
(b) Forward voltage, applied to the junction

Centurion Q50 Vacuum Porcelain Furnace
Hardness Tester (TH 160)

UVmini-1240 UV-Vis Spectrophotometer
Photo of the specimens

Irradiation of specimens by diode laser
(675nm)

Irradiation of specimens by diode laser
(810nm)

The method of hardness measured

Page
No.

31
32
32
33
35

36

36



4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

Measurement of hardness of dental ceramic
specimens before and after irradiated by

diode laser 675 nm/30mW for two minute.

Measurement of hardness of dental ceramic
specimens before and after irradiated by

diode laser 675 nm/30mW for ten minute.

Comparison of the hardness measurement
for irradiation time two and ten minute and

power 30 mW.

Measurement of hardness average change
and percentage of dental ceramic for

irradiation time two and ten minutes.

Measurement of hardness of dental ceramic
specimens before and after irradiated by
diode laser 810 nm and power 200 mW for

two minutes.

Measurement of hardness of dental ceramic
specimens before and after irradiated by
diode laser 810 nm and power 200 mW for

ten minutes.

Comparison of hardness measurement for
irradiation time two and ten minute, and t

power of 200 mW.

Measurement of hardness average change
and the percentage of hardness for

irradiation time two and ten minutes.

Measurement of hardness of dental ceramic
specimens before and after irradiated by
diode laser 810 nm and power 30 mW for

one minute.

Measurement of hardness of dental ceramic

39

40

41

41

42

43

44

44

45

46



4.11

4.12

4.13

Table
No.

2.1
2.2
2.3
3.1

specimens before and after irradiated by
diode laser 810 nm at power 500 mW for

one minute

Comparison of The hardness measurement
for irradiation time one minute and power of
30 mW and 500 mW

Measurement of hardness average change
and the percentage of hardness for
irradiation time one minute, at power of
30mW and 500 mW.

Absorption spectrum of dental ceramic

List of Tables

Title

Typical oxide composition of dental porcelain
Classification of dental ceramic
Thermal effects of laser radiation

Technical specification of omega Xp laser

47

47

48

Page
No.
17
19
23
29



3.2
3.3

4.1

4.2

4.3

4.4

4.5

4.6

Article

Dedication

system
Technical specification of Ora-laser jet system

Technical specification of Hardness Tester (TH
160)

Measurement of hardness of dental ceramic
specimens irradiated by diode laser 675 nm

and power 30 mW for time 2 minute.

Measurement of hardness of dental ceramic
specimens irradiated by diode laser 675 nm

and power 30 mW for time 10 minute.

Measurement of hardness of dental ceramic
specimens irradiated by diode laser 810 nm,

and power of 200mW for two minutes.

Measurement of hardness of dental ceramic
specimens irradiated by diode laser 810 nm,
and power of 200mW for ten minutes.

The hardness measurement of dental ceramic
irradiated with diode laser 810 nm and power

of 30 mW, for one minute.

The hardness measurement of dental ceramic
irradiated with diode laser 810 nm at power

of 500 mW, for one minute.

Contents

30
31

39

40

42

43

45

56

Page No.



Acknowledgment
Abstract (E)
Abstract (A)

List of Figures
List of Tables

Table of Contents

Chapter One: Laser Fundamentals

1-1 Introduction

1-2 Properties of a Laser

1-2-1 Monochromaticity

1-2-2 Directionality

1-2-3 Coherence

1-3 Principle of a Laser Operation
1-3-1 Spontaneous Emission
1-3-2 Stimulated Emissions
1-3-3 Absorption

1-3-4 Population Inversion

1-4 Element of a Laser System
1-4-1 Active Medium

1-4-2 Excitation Mechanism
1-4-3 Feedback Mechanism
1-4-3-1 Output Coupler

1-5 Types of Lasers

1-5-1 Solid Crystalline and Glass Lasers

1-5-2 Liquid Dye Lasers
1-5-3 Gas Lasers

1-5-4 Semiconductor Lasers

II
I1I
vV

VII
VIII



1-5-4-1 Optical Processes in Semiconductor Lasers
1-5-4-2 Types of Semiconductor Lasers
1-5-4-2-1 Homojunction Semiconductor Laser
1-5-4-2-2 Heterojunction Semiconductors Laser
1-5-4-3 Operation of Semiconductor

1-5-4-4 Optical Gain

1-6 Types of Laser Operation

1-6-1 Continuous Wave Laser (CW)

1-6-2 Pulsed Laser

1-7 Laser Classifications Hazards

1-7-1 Class | Lasers

1-7-2 Class Il Lasers

1-7-2-1 Class lla Lasers

1-7-3 Class Il Lasers

1-7-3-1 Class llla Lasers

1-7-3-2 Class llIb Lasers

1-7-4 Class IV Lasers

1-8 Laser Safety Precaution

1-9 Literature Review

Chapter Two: Ceramics in Dentistry

2-1 Introduction

2-2 Dental Ceramics

2-2-1 Composition

2-3 Use of Dental Ceramics
2-4 Dental Ceramics Properties
2-4-1 Strength

2-4-2 Fracture Toughness

2-5 Classification of Dental Ceramics

10

10
10
10
11
11
11
11
12
12
12
12
12
13
13
13
15

16
16
17
17
18
18
18
19



2-5-1 Powder /Liquid Systems

2-6 Firing of Dental Ceramics

2-6-1 Drying Stage

2-6-2 Firing Stage

2-6-3 Glazing

2-6-4 Vacuum Firing

2-7 Advantages and Disadvantages of Ceramics
2-8 Laser Tissue Interaction

2-8-1 Types of Laser Tissue Interaction

2-8-1-1 Thermal Interactions

2-8-1-2 Photochemical Interaction

2-8-1-3 Plasma Induced Ablation

2-8-1-4 Photo Disruption

2-8-2 Interactions of Lasers with Dental Hard Tissues
2-9 Hardness

2-9-1 Hardness Measurement

2-9-1-1 Scratch Hardness

2-9-1-2 Indentation Hardness

2-9-1-3 Rebound Hardness

2-9-2 Birnell Hardness Test (HBW)

Chapter Three: Materials and Methods

3-1 Introduction

3-2 Equipments

3-2-1The Laser Equipments
3-2-2 Dental Equipment

3-2-3 Hardness Tester (TH 160)
3-2-4 UV-Vis Spectrophotometer
3-3 The Materials

11

19
20
20
20
20
21
21
22
22
23
24
24
25
25
26
26
26
26
27
27

29
29
29
30
31
32
33



3-3-1 Preparation of Ceramic Specimens
3-4 Procedure and Methods

3-4-1 Setup Procedure Part |

3-4-2 Setup Procedure Part Il

3-5 Spectroscopic study

Chapter Four: Results and Discussion
4-1 Introduction
4-2 Results of Irradiation With Diode Laser
4-2-1 Results of Irradiation with 675 nm/30 mW

4-2-2 Results of Irradiation with 810 nm/30,200,500
mW

4-2-3 Results of spectroscopic study
4-3 Discussion of Results

4-3-1 Discussion of Results of Irradiation
with675nm/30mW

4-3-2 Discussion of Results of Irradiation with
810nm/30,200,500 mW

4-4 Conclusions
4-5 Future Work

References

12

33
34
34
35
37

38
38
38
38

48
48
48

49

50
50
51



