creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 24011- 200000267309

20194 24

Eﬂ-/\]_ 61—94

- -

m-(o

ri

=
LN

IN
r>~
=
B
El
=
%
s

N
IS
o2
of
Of
%
[

rlt
o
2



22 AZHE Tigdtao] Ca ¥ P7}
stxle PEOY 9o YweFr A

Nanotube Formation on Dental Implant Ti Alloy after

Formation of PEO Film Containing Ca and P

20199 02¢ 25

st ojshsl
SEREELE
- o A

Collection @ chosun



H

;OD

2018 10

Collection @ chosun



(D)

o

o

2018 124

Collection @ chosun



List Of Tables --ccerrrrrrrrrnnmaeeeemiiaaaeeeiiaaaaann. m
LiSt Of FiQUIES -« vvevverrremmemmmmmmaani i, IV
ABSTRAGCT +oveevrrreeeeeeniaaaaeiiaaaeeiiaaaeaeaann \%
A1 A AE 1
A 2 A, O]EA HIA - 3
A 1A EEE FTY BEA e, 3
A2 A Ag JEAEAN Pty FF 5 oo 7
A 3A XHE AZHFE FTHAT W cceeermrrnereaaannn 10
A3 A AIAE D HFE 12
T TR == | 12
A 2 A g2z A8 2A3d (PEO)E o4d Asuds
=2 12
A3 A FFAFHE o] §F UmFE P4 e 13
Al 4 . PEO ¥WAE Azte] w2 433 %3 TS
1 17
4.1 2o et g wAFE B ZAYEY e 17
4.2 A e 4 £4 R A A7) HEE e 17

Collection @ chosun



4.4 ﬂ-ﬂ_gﬂ\i}-%_@l ];5 75]_1_]:_ %;‘g .......................... 18
A 4R A AT T TE e 19
A 1 A. PEO WX A7t w& ¥ A morphology W3}

..................................................... 19
A 2 A4, PEO ¥9A8 ¥ YxFE FA XA morphology

15 20
Al 3 4. PEO 94 Alztel] mE 24 =4 H3 27
Al 4 4. PEO 943 At @& Tio, 234 @&

Al 5 4. PEO 28 AE Ao & &9 A4 %
]

=]
A 6 . PEO EHAE Ao W& B4H BEg A

..................................................... 38
A 5 A, BE 40
T R 42

Collection @ chosun



List of Tables

Table 1. Composition of CP titanium and alloys (Wt.28). «=xsrrrrrrrrrreriaieienn.. 4
Table 2. Typical mechanical properties of implant metals. «-coorrerrrmrrmerereeeee.e. 5
Table 3. Properties of Dio—mmaterials, <=« ««tswrreerrrsaremmemteitiiii 8
Table 4. The condition of plasma electrolytic oxidation parameter. =«--«--=-x==xv--- 14
Table 5. The condition of nanotube formation. «««----xrrerrrrrrmrrrreeeeee. 15

Table 6. Variation of the area occupied by pores per unit area, the number of pores
and the average size of pores with PEO time after PEO treatment. ---- 22
Table 7. Dimensions of nanotubes fabricated through anodic oxidation. --+-+------ 23

Table 8. EDS results from pore inside and outside with Ca and P concentration

after PEO and PEO+Nan0tube. ................................................ 28
Table 9. Crystallite size of anatase phase with the condition of PEO treatment and
PEO+Nanotube treatment, ---cccrrrereererrrrrrreeannae et aiieeeennn. 33

- III -

Collection @ chosun



List of Figures

Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1' AHOtrODiC transformation Of titanium. ............................................. 6
2' CytOtOXlClty Of SeVeral pure metals‘ .............................................. 9
3. Schematic diagram of anodizing apparatus. ««--creorerrmrrremereeaaean, 16
4. The surface morphologies of PEO film on Ti-6Al-4V with 280V : (a) 1 min

(1.0k), (a-1) 1 min (5.0k), (a-2) 1 min (10.0k), (b) 3 min (1.0k), (b-1) 3 min
(5.0k), (b-2) 3 min (10.0k), (c¢) 5 min (1.0k), (c-1) 5 min (5.0k), (c-2) 5 min
(10.0k), (d) 10 min (1.0k), (d-1) 10 min (5.0k), and (d-2) 10 min (10.0k). - 24
5. FE-SEM image (5.0k) and pore distributions by Image] program : (a) 1 min
-PEO, (a-1) Image] image of 1 min-PEO, (b) 3 min-PEO, (b-1) Image] image
of 3 min-PEQO, (c) 5 min-PEO, (c-1) Image] image of 5 min—-PEO, (d) 10 min
-PEO, and (d-1) Image] image of 10 min—PEQ. ««--rrrvrerrreaeeeaaeenn. 25
6. The surface morphologies of PEO+Nanotube film on Ti-6Al-4V with 30V :
(a) 1 min (1.0k), (a-1) 1 min (20.0k), (a-2) 1 min (100.0k), (b) 3 min (1.0k),
(b-1) 3 min (20.0k), (b-2) 3 min (100.0k), (c) 5 min (1.0k), (c-1) 5 min (20.0k),
(c-2) 5 min (100.0k), (d) 10 min (1.0k), (d-1) 10 min (20.0k), and (d-2) 10 min
(1000k) .............................................................................. 26
7. EDS-mapping images (10.0k) with Ca and P concentration after PEO
treatment : (a) 1 min, (b) 3 min, (¢) 5 min, and (d) 10 min. «-----vveeee 29
8. EDS-mapping images (100.0k) of TiO: nanotube surface after PEO-treatment
with time : (a) 3 min, (b) 5 min, and (c) 10 min. ««---cerrrreemreereeeeeeeen. 30
9. XRD patterns of anodic oxide film on Ti-6Al-4V alloys with surface treatment
: (a) PEO and (b) PEO+NanOtube SampleS. .................................... 34
10. Surface wettability of anodic oxide film on Ti-6Al-4V alloys with surface
treatment : (a) PEO and (b) PEO+Nanotube samples. ::cceeereereeeeeees 36
11. Surface roughness (Ra) of anodic oxide films on Ti-6Al1-4V alloys with
Surface TrEAtINEINIL, ~ - - s s sttt 37
12. Vicker’'s hardness of anodic oxide film on Ti-6Al-4V alloys with surface

TEALINEIIE, w v v v v v v s s s m s s e 39

_IV_

Collection @ chosun



ABSTRACT

Nanotube Formation on Dental Implant Ti Alloy after

Formation of PEO Film Containing Ca and P

Dae Seon Moon
Advisor : Prof. Han-Cheol Choe, Ph. D.
Dept. of Biodental Engineering,

Graduate School of Chosun University

The dental implant was required excellent corrosion resistance, biocompatibility,
osseointegration, and excellent mechanical properties. In general, Cp-T1 and Ti - 6Al
-4V alloy were mainly used for dental materials. Cp-Ti and its alloys can be
connected to the bone, but it is difficult to have chemically strong bonds. For this
reason, various surface treatment methods for improving bioactivity have been
actively studied. In this study, nanotube formation on dental implant surface after
Ca and P doping by PEO treatment were investigated with the condition of various
PEO treated time (1, 3, 5, and 10 min). And then, formed the nanotube films on

the PEO-treated films were investigated with the initial PEO treatment duration.

The substrate used in this study was Ti-6A1-4V ELI disk (Grade 5, ZAPP,
Germany). Samples were used as anodes and high dense carbon rod was used as
cathode. Electrolytes were for PEO (plasma electrolytic oxidation) process as
follows: 0.15M calcium acetate monohydrate and 0.02M calcium glycerophosphate at
280V for various duration (1, 3, 5, and 10 min) using DC power supply (6812B.
KEYSIGHT Co., USA). And then, these samples were used as anodes and platinum
rod was used as cathode. The nanotube oxide films were formed on the PEO films
by an anodic oxidation method in 1M phosphoric acid electrolyte containing 0.8

wt.2% sodium fluoride at 30V for 1 hour.

_V_
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Surface morphology and content of elements were investigated by field-emission
scanning electron microscopy (FE-SEM) and energy-dispersive X-ray spectroscopy
(EDS). The phase and crystallite size were observed by X-ray diffraction (XRD).
Surface characterization were examined by wettability, roughness, and Vicker’'s

hardness test.

The results were as follows:

1. The PEO-treated surface with containing Ca and P ion was formed porous oxide
layer by PEO method and size of pores were distributed 0.6-58 wum. As
PEO-treated time increased, porosity and number of pore decreased, and

maximum and minimum size of pore increased.

2. In case of PEO+Nanotube treated sample, nanotube was formed by anodic
oxidation method on the PEO films. The diameter of nanotube was 44-96 nm, as
mitial PEO treatment time increased, the diameter of nanotube increased, and the

wall thickness decreased.

3. From the EDS analysis, as PEO treatment time increased, the content of Ca and

P ions increased, and Ca/P ratio was higher on the surface.

4, In case of PEO-Nanotube treated sample, as the initial PEO treatment time
increased, the content ion (Ca, P) and Ca/P ratio increased. It was higher the
pore than surface. But, PEO+Nanotube treated samples had a lower content and

Ca/P ratio than PEO-treated sample.
5. The XRD pattern of anatase phase was observed on PEO and PEO+Nanotube
films. As PEO-treated time increased, the crystallite size of anatase was

slightly larger and it was larger with PEO-treated samples.

6. The result of wettabiliy test, it was affected by PEO treatment time, surface

_VI_
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roughness and pore properties. As PEO-treated time increased, contact angle
increased on PEO-treated sample. Regardless of initial PEO treatment time, the

sample of PEO+Nanotube had a superior wettability.
7. The surface roughness (Ra) and the Vicker's hardness were depended on the
mnitial PEO treatment time, its values were increased with PEO-treated time

from 1 min to 10 min. The sample of PEO+Nanotube was higher surface

roughness, but, the Vicker’'s hardness was higher PEO-treated sample.
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Table 1 Composition of CP titanium and alloys (wt.%6) [17].

Titanom N C H Fe O Al v Ti
CP-GradeI ~ 003 010 0015 002 0.8 - - balance
CP-Grade 003 010 0015 003 025 - - balance
CP-Grade T 003 010 0015 003 035 - - balance
CP-Grade IV 003 010 0015 005 040 - - balance
Ti}fﬁ*ol;‘w 005 008 0015 030 020 550-6.75 350-4.50 balance
TEOAFAV 005 008 0012 010 013 550-650 350-450 balance
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Table 2 Typical mechanical properties of implant metals [18].

ASTM Young's Yield Tensile
Alloys et Condition modulus Strength strength
g (GPa) (MPa) (MPa)
STS 316L F745 annealed 190 221 483
F55, F56 annealed 190 331 586
30% cold
STS 316 F138 worked 190 792 930
cold
F139 forged 190 1213 1351
as—cast/ 210 896-1200 1399-1586
F75 annealed
Co-28Cr-6Mo HIP 253 448-648  951-1120
F799
hot forged o 1606 1896
annealed 210
Co—20Cr-15W-10Ni F90 44% cold 485 760
worked 210
. 30% cold
CP-Ti F67 worked 210 896 965
forged
annealed 116
Ti-6Al-4V ELI F136 forged 1034 1103
heat
treated 116
_AAT forged B 5
TI-6A1-7Nb F1295 annealed 110 900-1000 1000-1100
- forged _ _
Ti-5A1-2.5Fe annealed 110 820-920  940-1050
- 5 -
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Fig. 1. Allotropic transformation of titanium.
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Table 3 Properties of bio-materials.

- Osseointegratiom

- Bio corrosion resistance
- Adverse tissue reaction
- Non-toxicity

Biocompatibility

- High hardness

- Low thermal conductivity
- Low elastic modulus

- High tensile strength

- High yield strength

- Fatigue crack initiation

Mechanical properties

- Aesthetics

Others - Wettability

Collection @ chosun
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Table 4 The condition of plasma electrolytic oxidation parameter [43-46].

The parameter of PEO treatment

DC power supply

Equipment (6812B, KEYSIGHT Co., USA)
Working electrode(anode) Ti-6Al1-4V ELI
Counter electrode(cathode) High dense carbon

calcium acetate monohydrate 0.15M
[Ca(CH3CO0,-H:0]
+

Electrolyte
calcium glycerophosphate 0.02M
[C3H7C806P]
Voltage 280V
Current 70 mA
Duration 1, 3, 5, and 10 min
Temperature Room temperature (25°C)
- 1 4 -
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Table 5 The condition of nanotube formation [47-50].

The parameter of nanotube formation

DC power supply

Equipment (6812B, KEYSIGHT Co., USA)
Working electrode(anode) Ti-6Al1-4V ELI
Counter electrode(cathode) Platinum

phosphoric acid 1M

[H3sPO4]

Electrolyte +
sodium fluoride 0.8 wt.%
[NaF]

Voltage 30V

Current 70 mA

Duration 1 hour

Temperature Room temperature (25°C)

- 15 -
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Fig. 3. Schematic diagram of anodizing apparatus.
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Table 6 Variation of the area occupied by pores per unit area, the number of pores,

and the average size of pores with PEO time after PEO treatment.

Ratio of area occupied by Number Average size of small

Sample pore/area of non-occupied of pore and large pore (um)

by pore (%) / (10 ym)®* Maximum Minimum

PEO-1 min 272 442 £ 3.2 20 £ 09 08 £ 0.2

PEO-3 min 26.6 424 £ 5.1 22 £ 0.3 1.1 £ 04

PEO-5 min 22.7 406 £ 4.2 23 £ 05 1.2 £ 02

PEO-10 min 19.2 342 £ 76 46 £ 1.2 14 £ 0.3
- 22 -
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Table 7 Dimensions of nanotubes fabricated through anodic oxidation.

Ratio of area occupied by Tube dimensions (nm)

Sample pore/area of non-occupied Inner Wall
by pore (3¢) diameter thickness
PEO+Nanotube-1 min - - -
PEO+Nanotube-3 min 40.2 523 £ 81 36.2 £ 6.1
PEO+Nanotube-5 min 46.4 712 £ 125 326 £ 9.3
PEO+Nanotube-10 min 487 80.3 £ 16.2 302 £ 115

_23_
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Fig. 4. The surface morphologies of PEO film on Ti-6Al-4V with 280V :
(1.0k), (a=1) 1 min (5.0k),
(5.0k), (h-2) 3 min (10.0k),
(10.0k), (d) 10 min (1.0k),

{“/Collection @ chosun

(a-2) 1 min (10.0k),
(c) 5 min (1.0k),

_24_

(b) 3 min (1.0k),
(c-1) 5 min (5.0k),
(d-1) 10 min (5.0k), and (d-2) 10 min (10.0k).

(b-1) 3 min
(c-2) 5 min



Fig. 5. FE-SEM image (5.0k) and pore distributions by Image] program :
(a) 1 min-PEQO, (a-1) Image] image of 1 min-PEO, (b) 3 min—-PEO, (b-1)
Image] image of 3 min—-PEO, (c) 5 min-PEQO, (c-1) Image] image of 5 min
-PEO, (d) 10 min-PEO, and (d-1) Image] image of 10 min-PEO.

_25_

Collection @ chosun



Fig. 6. The surface morphologies of PEO+Nanotube film on Ti-6Al-4V with 30V :
(a) 1 min (1.0k), (a-1) 1 min (20.0k), (a-2) 1 min (100.0k), (b) 3 min (1.0k),
(b-1) 3 min (20.0k), (b-2) 3 min (100.0k), (¢) 5 min (1.0k), (c-1) 5 min (20.0k),

(c-2) 5 min (100.0k), (d) 10 min (1.0k), (d-1) 10 min (20.0k), and (d-2) 10 min
(100.0k).
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Table 8 EDS results from pore inside and outside with Ca and P concentration

after PEO and PEO+Nanotube.

The results of EDS analysis

Treatment time

1 min 3 min 5 min 10 min
Sample
Ca 541 6.50 6.86 8.52
Surface
P 471 5.42 5.65 6.19
(PEO) —_—
Ca/P ratio 1.15 1.20 1.21 1.38
Ca 5.68 6.53 7.43 9.68
Pore
P 5.03 5.77 6.34 8.16
(PEO) —_—
Ca/P ratio 1.12 1.13 1.17 1.19
Ca - 0.06 0.19 0.27
Surface
P - 2.33 3.09 3.61
(PEO+Nanotube) ————
Ca/P ratio - 0.03 0.06 0.07
Ca - 0.09 0.19 0.30
Pore
P - 1.82 3.13 3.47
(PEO+Nanotube) —————
Ca/P ratio - 0.04 0.06 0.08
- 28 -
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Fig. 7. EDS-mapping images (10.0k) of PEO-treated surface with time :

(b) 3 min, (c) 5 min, and (d) 10 min.
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Fig. 8 EDS-mapping images (100.0k) of TiO» nanotube surface after PEO-treatment

with time : (a) 3 min, (b) 5 min, and (¢) 10 min.
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Table 9 Crystallite size of anatase phase with the condition of PEO treatment and

PEO+Nanotube treatment.

b Surface Duration Diffraction FWHM Crystallite
Phase Treatment (min) angle (20) (radian) size (nm)
1 25.441 0.003299 43.124
PEO 3 25.593 0.003159 45.043
5 25.670 0.003124 45.554
10 25.449 0.002985 47.664
Anatase 1 ~ — ~
PEO
. 3 25.579 0.016493 8.627
5 25.396 0.014434 9.855
Nanotube 10 25.561 0.014416 9.858
- 33 -
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Fig. 9. XRD patterns of anodic oxide film on Ti-6Al-4V alloys with surface
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treatment : (a) PEO and (b) PEO+Nanotube samples.
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#115°

1 min
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10 min

(b)
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Fig. 10. Surface wettability of anodic oxide film on Ti-6Al-4V alloys with surface

treatment : (a) PEO and (b) PEO+Nanotube samples.
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Fig. 11. Surface roughness (Ra) of anodic oxide films on Ti-6Al1-4V alloys with

surface treatment.

_37_

Collection @ chosun



A6 4. PEO A2 Ao W& B9 =g W3

W] 1 min 285£11 Hv, 3 min 29613 Hv, 5 min 309+12 Hv, 10 min 320+11 Hv 2
wAL Azl wet Frhshs AR S RAor, 24N weh 2 AolE wolA
korom A} EAS Btk 121 PEO+Nanotube &3 MZ2o] % 1 min
282431 Hv, 3 min 286+37 Hv, 5 min 301+29 Hv, 10 min 302+38 Hv, Z7] PEO A & 4]
ol wet A=k F7HekS OU%, PEO @ 3ol Hlate] Aojxos zFHAgo]l &
Aol% 1ol IEEERIES
o9 ® o] EAs
2 dag =3 PEO A2
A 3]

_38_

Collection @ chosun



400

PEO
. PEO+Nanotube
=
L 350 - 302
B 286 309 301 3?0 |
2 282 296 | 1
e
5 300 285 I { .
T | I
® | ﬁ 7
@ 7
‘€ 250 - j
3 7
200
1min 3min 5min 10min

Fig. 12. Vicker’'s hardness of anodic oxide film on Ti-6Al-4V alloys with surface

treatment.
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