[UCI]1804: 24011- 200000239610

2H
i S
o]

iva
7}

2010
o5
A

No~Oof oI E-HEEENX

;OO

"0

1}

=gl A

o=

RF SHANEIL HROT O TN HoReo HHEIITO

o

=

g

T BRI B

ok go P



;OO

"0

1}

574 mA

o=

Effects of Manufacturing Process on the Surface Characteristics of

Dental Implant Fixture

21 25H

2010

o

g



;OO

"0

1}

l%%/&
g ol wl =]

o=

20094 10
%

—~
;O_i

g



+
g

B

or

%]

Nd

L
o

oF

+
g

B

or

+
g

B

or

+
g

B

or

+
g

B

or

2009 12¢ 284



Hr

e
_i
al7

o

W

1. A

N O - D>

O] T H J -reveereesserssessssessstssset st

2.

2-2. A

2-4-1. =52 718

11

!

=

—

2-4-2. AC ¢

o
B
™

R
eyl

13
16
17
17

B

3-1. Al

3-2. #1713}

w

R
™
K
=
el

o
eyl

19
27
30
33

70
il
|
i
23



W
el

!
al8

e



Table 1. Physical properties of tIEANIUML oo 5
Table 2. The sample condition of dental implant fixture used in this study....... 14
Table 3. The classification of samples with manufacturing process of dental
IMPIANT TIXEUTE oo e 15
Table 4. The condition of electrochemical corrosion test ......oivieviiiceeeeneene. 18
Table 5. Corrosion potential(Ecorr), corrosion current density(Ieorr) and current
density (Isoomv) of dental implant fixture with various manufacturing process after
potentiodynamic test in 0.9% NaCl solution at 36.5F1C ..o 29
Table 6. Polarization resistance (R,) of dental implant fixture with various

manufacturing process after AC impedance test in 09% NaCl solution at 36.5+



Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

1. Corrosion reaction of metal in acid SOIUHON...veeveeeeeeeeeeeeeee e 9

2. Hypothetical anodic and cathodic polarization behavior for a material

exhibiting passive anodiC DENAVIOT.........cco oo 10
3. Nyquist plots according to various reaction tape.......ocoooooeoeoeeeeeeeeeeeeeenn. 12
4. Schematic diagram of the electrochemical corrosion tester........ccocoooee.... 16

5. FE-SEM micrographs showing the dental implant fixture surface of step
T SDECIITIEIY ettt et e e e e et e eee et e e e e e s et e seeeeeeee e e seeesee e eeeee e e eeeeemeenneeane 21
6. FE-SEM micrographs showing the dental implant fixture surface of step
2 SDICCIITIE L ettt ee e e e et e eeesee e e eeeae e e eeeeeee e s eeaeeneeseeseeeneeaeeseeeeeseenneenneeneene 22
7. FE-SEM micrographs showing the dental implant fixture surface of step
3 S DCCIITIE ettt e e e e et e et e et e eeeee e e e eeeee e e s eenae et e seesee e neeae e e e eeesneeeneenneeneene 23
8. FE-SEM micrographs showing the dental implant fixture surface of step
Z SDCCIITIC ettt e et e e e e st e et e see e e eesee e e eeeeeee e s aeeaeeneeseeseeenneenaeeseeeeesnnenneenneeneene 24
9. FE-SEM micrographs showing the dental implant fixture surface of step
D S DECIITIE ettt et e e e e et e eeeeee e eeeeeeseseeeeee e e aeeae et e eeeemeeneeaeereeeeeeneenneenneeneen 25

10. EDX results from implant fixture surface at 5th process

11. Polarization curves of dental implant fixture with various manufacturing

process after potentiodynamic test in 09% NaCl solution at 365+

12. AC impedance results of dental implant fixture with various
manufacturing process after corrosion AC impedance test in 0.9% NaCl
SOIUEION AL 30.5F1TC ettt e ettt 31
13. FE-SEM micrographs showing the dental implant fixture surface of

step 1 specimen after potentiodynamic test in 0.99 NaCl solution at 36.5+

14. FE-SEM micrographs showing the dental implant fixture surface of

step 2 specimen after potentiodynamic test in 0.9% NaCl solution at 36.5+

_iv_



Fig.

Fig.

Fig.

15. FE-SEM micrographs showing the dental implant fixture surface of

step 3 specimen after potentiodynamic test in 0.9% NaCl solution at 36.5+

16. FE-SEM micrographs showing the dental implant fixture surface of

step 4 specimen after potentiodynamic test in 0.9% NaCl solution at 36.5+

17. FE-SEM micrographs showing the dental implant fixture surface of

step b specimen after potentiodynamic test in 0.9% NaCl solution at 36.5+



ABSTRACT

Effects of Manufacturing Process on the Surface
Characteristics of Dental Implant

Young—Pil Moon
Director : Prof. Han—-Cheol Choe, Ph. D.
Dept. of Optical Application Engineering,

Graduate School of Chosun University

Titanium and Ti-6Al-4V alloy are use in the medical field, for dental
implants, Ti and Ti—-6Al-4V alloy present the advantage of great compatibility
with body fluids. The adverse body reaction to the implant is due to the
metallic ions released by the implant, the amount of ions released depending on
the corrosion rate of the implant.

This study was performed to investigate the effects of manufacturing process
on the surface characteristics of dental implant was selected with 5 steps by
cleaning, surface treatment and sterilization with same size and screw structure.

The 1st step machined surface, 2nd step cleaned by thinner and prosol
solution, 3th step surface treated by RBM method, 4th step cleaned and dried,
bth step sterilized by gamma ray.

Estimation of electrochemical behavior of 5 steps of dental implant have been
evaluated by using electrochemical methods. These specimens were used for
corrosion test in 0.9 % NaCl solution at 36.5+1°C. The electrochemical stability

was Investigated using potentiostat (EG&G Co, 263A). The corrosion surface

_vi_



were observed using scanning electron microscopy (SEM).
The surface morphology were observed using scanning electron microscopy

(SEM) and energy dispersive x-ray spectroscopy (EDX).

The results were as follows:

1. From the results of SEM micrographs, sample of step 5 was observed very
clean surface than sample of step 3. The sample of step 5 was observed rough

surface with shape of low ridge and valley.

2. From the results of potentiodynamic test in 0.9% NaCl solution, step 5 of
implant fixture with RBM treatment, clean and gamma sterilization was shown
the lowest value of corrosion current density. Especially, step 3 of implant
fixture with RBM treatment was presented the lowest value of corrosion

resistance and the highest value of corrosion current density.

3. From the results of AC impedance test, step 3 of sample was presented

lower value of polarization resistance than other samples.

In conclusion, step 5 of implant fixture with RBM treatment, clean and

gamma sterilization was observed higher corrosion resistance, it depends on the

step of manufacturing process by form the stable TiO2 passive film.
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Table 1. Physical properties of titanium

Density(at 20C) 454 g/cm’(a phase)
Melting point 1668 T

Volume change in a—B transformation 55 %

a-B transformation temperature 3825 T
Coefficient of expansion(20) 841 x 10

Specific heat(at 25C) 0.126 cal/g
Electrical conductivity(about Cu) 2.2 %

Elastic modulus 103-107 GPa

Crystal lattice a phase(below 8825 C) Hexagonal Closed Packing

Crystal lattice B phase(above 8825 T) Body Centered Cubic
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H,
M2+
T Acid solution

",
s,
.
e,
e,
,
0

.,

Anodic reaction Cathodic reaction

2H+2e —H, M—->M*+2e

Fig. 1. Corrosion reaction of metal in acid solution.
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Table 2. The sample condition of dental implant fixture

used in this study

Groups step 1 step 2 step 3 step 4 step 5

Material Ti-6AI-4V  Ti-6AI-4V  Ti-6Al-4V Ti-6AI-4V  Ti-6Al-4V

Size

5.6x8.0 5.6x8.0 5.6x8.0 5.6x8.0 5.6x8.0
(@xL)mm
Step of machined 1st cleaned RBM 2nd cleaned Gar.n.ma
treatment treated sterilized
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Table 3. The classification of samples with manufacturing

process of dental implant fixture

Groups Treatment methods

step 1 machined (not clean)

- 1st stage of cleaning
step 2 (O Thinner-use the ultra sonic cleaner for 10min

(@ Prosol-use the ultra sonic cleaner for 10min
RBM(resorbable blasting media) treatment (not clean)

step 3 , , . .
o Use the calcium phosphate media with 50 mesh size

2nd stage of cleaning

(O Castrol almarine 5- use the ultra sonic cleaner for 10min

@ Thinner - use the ultra sonic cleaner for 10min

® Green power - use the ultra sonic cleaner for 10min
step 4 @ Nitric acid 20% + distilled water 80% - deposit for 3 min

® Neutral detergent — use the ultra sonic cleaner for 10min

® Water - use the ultra sonic cleaner for 10min

(@ Ethanol - use the ultra sonic cleaner for 10min

Distilled water — use the ultra sonic cleaner for 10min

® Drying - Dry in the clean bench
- Gamma sterilization

step 5 o Expose the gamma ray with 34 kgy(kilo gray) for 52,164
sec
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Fig. 4. Schematic diagram of the electrochemical corrosion

tester.

_16_



3-2-1 4% ¥ =A% (potentiodynamic test)

74 Az FA e dEFE LA FA5Hs 7
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Z= 99 100 kHzol A 10 mHzS] WY el A ZA}sHg th(table 4).
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Table 4. The condition of electrochemical corrosion test

Potentiodynamic test AC impedance
Electrolyte 0.9 % NaCl 0.9 % NaCl
Working electrode Sample Sample
Counter electrode High dense carbon High dense carbon
Reference electrode SCE SCE
Scan rate 1.66 mV/s —
Temperature 365 = 1T 365 £ 1T
Potential range -1500 mV ~ 2000 mV —
Frequency range — 100 Kz ~ 10 mHz
A.C amplitude — 10 mv
Point — 5 point/decade
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Fig. 5. FE-SEM micrographs showing the dental implant
fixture surface of step 1 specimen.
a) x35, b) x100, and c¢) x1000
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Fig. 6. FE-SEM micrographs showing the dental implant
fixture surface of step 2 specimen.
a) x35, b) x100, and c¢) x1000
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Fig. 7. FE-SEM micrographs showing the dental implant
fixture surface of step 3 specimen.
a) x35, b) x100, and c) x500
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Fig. 8. FE-SEM micrographs showing the dental implant
fixture surface of step 4 specimen.
a) x35, b) x50, and c¢) x500
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Fig. 9. FE-SEM micrographs showing the dental implant
fixture surface of step 5 specimen.
a) x35, b) x50, and c¢) x500
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Fig. 10. EDX results from implant fixture surface at 5th

process step.
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Fig. 11. Polarization curves of dental implant fixture with
various manufacturing process after
potentiodynamic test in 0.9% NaCl solution at
36.5+17C.
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Table 5.

Corrosion potential(Ecorr), corrosion current
density(Icorr) and current density(Isopomv) of
dental implant fixture with various
manufacturing process after potentiodynamic
test in 0.9% NaCl solution at 36.5+1TC

Data Step 1 Step 2 Step 3 Step 4 Step 5
leor (A/CM2) 5.41X10-7 7.09%X10°7 6.97xX10-6 1.23x10-5 4.59x10~7
Econ (MV) —-230 -350 —-540 -370 —-500
l300 (A/CM2) 6.32X10-¢ 2.16X10-¢ 1.87X10-5 2.16X10-6 1.80X10-¢
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Table 6.

Polarization resistance (Rp) of dental implant
fixture with various manufacturing process after

AC impedance test in 0.9% NaCl solution at
36.5+x1TC

Sample1 Sample2 Sample3 Sample4 Sampled

R, (Lecm?)

3.76X10% 3.76X105 4.54X104 2.21X10% 1.79X105
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Fig. 13. FE-SEM micrographs showing the dental implant
fixture surface of step 1 specimen after
potentiodynamic test in 0.9% NaCl solution at

36.5+1TC. a) %35, b) x100, and c) x500
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Fig. 14. FE-SEM micrographs showing the dental implant
fixture surface of step 2 specimen after
potentiodynamic test in 0.9% NaCl solution at

36.5+1TC. a) %35, b) x100, and c) x500
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Fig. 15. FE-SEM micrographs showing the dental implant
fixture surface of step 3 specimen after
potentiodynamic test in 0.9% NaCl solution at

36.5+1TC. a) %35, b) x100, and c) x500
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Fig. 16. FE-SEM micrographs showing the dental implant
fixture surface of step 4 specimen after
potentiodynamic test in 0.9% NaCl solution at

36.5+1TC. a) %35, b) x100, and c) x500
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Fig. 17. FE-SEM micrographs showing the dental implant
fixture surface of step 5 specimen after
potentiodynamic test in 0.9% NaCl solution at

36.5+1TC. a) %35, b) x100, and c) x500
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