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Development of acid resistive apatite sheet with gradation of fluorine density and
crystallinity

KUSUNOKI, Masanobu
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We developed a fabrication method of new dental material of apatite sheet that
prevents tooth decay. Using the pulsed laser deposition, top side of the sheet was made of crystalized
fluoroapatite (F-Ap) to prevent from tooth decay, and the bottom side of the sheet was made of amorphous
hydroxyapatite (H-Ap) to be able to bond itself with the tooth surface. Degree of crystallization and
density of the F and OH was gradually varied from the top to the bottom through the film. X-ray
diffraction showed that a single layer of the F-Ap film was crystallized with c-axis orientation
perpendicular to the film surface. Fourier-transform infrared spectroscopy indicated that the single F-Ap
film was pure CalO(PO4)6F2 without OH group. The F-Ap film showed an acid resistance lower than pH of 5.



(Ap)

Ap

H-Ap [Cai1o(PO4)s(OH):]

H-Ap
H-Ap
(F-Ap
[Ca1o(POa)sF2])
(F)
F
/
F
F-Ap
PLD
H-Ap
Ap
H-Ap
v
H-Ap
Ap
F-Ap
H-Ap
Ap
H-Ap

F-Ap Ap

F-Ap
PLD H-Ap
F-Ap
F-Ap
F-Ap
H-Ap
F
Ap
F-Ap /H-Ap
@D
PLD F-Ap
10Hz 248nm
COHERENT  COMPEX Pro-205
F-Ap
28 mJ/mm?
16mm 10x
10 mm? H-Ap
OH H,0
0, F-Ap
OH
8x 10™Pa
99.999 0,
0, 2 5 10 Pa
luym F-Ap

ULVAC Decktak 150

1

-0

1. PLD F-Ap



X (EDX; EDAX

Genesis, ELIONIX ERA8800

50nm  Pd

P/Ca F/Ca
2 a b
P/Ca

P/Ca=0.6

0
F/Ca
F/Ca =0.2
F/Ca
0

off-axis
43mm
0,
2 a b
on-axis
10 Pa
off-axis

OH
F-Ap OH
FT-IR
SHIMADZU IR Prestige-21
F-Ap
800°C
FT-IR 3 a
H-Ap
3 b H-Ap
3560cm™
F-Ap
1010 cm™
H-Ap,F-Ap
OH

OH

580 cm* PO,

Ca, PO, &/, PLD

F-Ap H-Ap X
0 XRD  RIGAKU ULTIMA IV
4 a 4
100

20 -

b Si

F-Ap
Ca0

800°C F P
Ca

Transmittance (%)

Intensity (cps)

(a)
0.6 | . ® i
|
05| - ]
°
04 L . @ off axis ||
B on-axis
0.3 I I I I 1
sl ® EEA
02F ® ® . b
01f L] __—
O 1 1 1 1 1
0 2 4 6 8 10 12
O, gas pressure (Pa)
2. F-Ap
(8) P/Ca, (b) F/ICa
100 T T T T
(a) \H////m,ufﬁ—r~""”"#
80 f b
60 F ! 8
of N _
N
20 A
0 === e
TR e
80 | | 1
o |
0
40 [' A
20 ¥ 4
U Il 1 Il 1
0 1000 2000 3000 4000
Wavenumbers (cm™)
3. FT-IR Ap OH
(@) F-Ap (b)H-Ap
(a) EREl g|
o] = %|* Z| |
IR = |
= | S _
100+ | = s 7 |
| I|§ E _:ﬂ ‘
501 bR = 5
0 "‘WN/AI Feboon ‘,‘,P,'JWMJIW \i ‘ _._;'1 ILL_.M;
) g g“
1000 | E‘ 3 B
500+ ‘ = o Il
I A i fl
0 ey . . ‘ —e ey
10 20 20 40 50 60 70
26 (deg.)
4. XRD Ap
(@) F-Ap (b)H-Ap



FA

pH 7,6,5,4
pH 10
FA pH=5
pH=4
pH=3
H-Ap pH<6
FA
off-axis
PLD
5
P F
on-axis P F
off-axis
on-axis gom
100y m
off-axis
off-axis on-axis
() F-Ap /H-Ap
F-Ap H-Ap
H-Ap H-Ap
6
@
FA
0, FA
0
H,0
OH
in-situ H-Ap
0, 0, H-Ap

EREDOE TR DEIE (%)

5. on-axis off-axis

HA

HA

6. F-Ap /H-Ap

[
(=]
o

HA J57—avE FA _

[

<]
wn
-

! I T
~ " ca

a
o

B
o

N
o

°f
|

200 400 600 800 1000

7. XPS

=]
o
w

F-Ap  H-Ap

XPS

5nm



6 H-Ap

XPS
100
F-Ap
F, Ca, P
600nm
P
100
F
P
F
€Y
FA
H-Ap
F
®)
PLD F-Ap
F
H-Ap
F-Ap /H-Ap
Si
F-Ap /H-Ap
3

1. Y. Sakoishi, R. Iguchi, H. Nishikawa, S.
Hontsu, T. Hayami, M. Kusunoki, “C-axis-
oriented hydroxyapatite film grown using
ZnO buffer layer”, Applied Physics Express,
Vol. 6, 115501 (2013) ( ).

2. M. Kusunoki, T. Matsuda, N. Fujita, Y.
Sakoishi, R. Iguchi, S. Hontsu, H. Nishikawa,
T. Hayami, “Control of Crystallinity of
Hydroxyapatite Sheet”, Key Engineering
Materials, Vol. 529-530, p. 615-619, (2013)

3.

( ).

E. Yamamoto, N. Kato, H. Nishikawa, M.
Kusunoki, T. Hayami, K. Yoshikawa, S.
Hontsu, “Adhesive Strength between Flexible
Hydroxyapatite Sheet and Tooth Enamel”,
Key Engineering Materials, Vol. 529-530, p.

522-525 (2012) ( ).
18
(2015.3.18, , )-
27
, (2014.9.10,
’ )-
", 27
, (2014,
’ )-
7 I “ C
(2014.11.23, ,
).
, , “ PLD
(2014.11.23, ,
).

Masanobu Kusunoki, Yasuhiro Sakoishi,
Katsuya Asano, Naoki Fujita, Takayuki
Makino, Daisuke Okai, “Fabrication of
hydroxyapatite thin film with entirely c-
plane surface”, 26" European Conference
on Biomaterials, (2014.9.1, the Liverpool

Echo Arena and Convention Centre,
Liverpool, GB).
, (2013.11.16, ,
)-
, , “ PLD
, (2013.11.16,
’ )-



10.

11.

12.

13.

14.

15.

16.

17.

18.

(2013.11.16, s

).

26 , (2013.9.4,

26
, (2013.9.4, ,

, (2013.9.4,
] )-

”

(2012.12.9, , )-

(2012.11.26, s

)-
M. Kusunoki T. Matsuda N. Fujita Y.
Sakoishi, R. Iguchi S. Hontsu H.
Nishikawa, T. Hayami, “Crystallization
Control  of  Hydroxyapatite  Sheet”,
SthinternationalConference“Biomaterials,
Tissue Engineering &Medical Devices”,
(2012.8.30, University Ovidius, Constanta,

Romania).

, (2012.12.9, ).

@
KUSUNOKI, Masanobu
20282238
@
OKAI, Daisuke
60336831
A



