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A study of effect of fluorine addition on the biolosical performance
of hydroxyapatite coatings on Ti by aerosol deposition

Young Lae Cho

MR Interdisciplinary Program of Mechanical Engineering,
The Graduate School

Pukyong National University

Abstract

Dense and well-adherent fluoridated hydroxyapatite [Caio(PO4)s(OH)o-Fy, where
x=0, 0.5, 1.0, 1.5 2.0 FHA] coatings were deposited-on commercially available
pure titanium 'by aerosol deposition using FHA powders. FHA powders with
different  compositions  were  synthesized by  solid-state | reactions  of
hydroxyapatite(fTTA) and fluorapatite(FA) powder s at various @ ratios X-ray
diffraction and Fourier transform infrared spectroscopy @ results showed that
fluoridations were successfully. incorporated into the HA lattice for both the FHA
powders and the FHA “coatings.=.Scanning electron microscopy sanalysis revealed
dense microstructures and ~good substrate adhesion .of. the .coatings with high
adhesion strengths of ‘more “than 33.1MPa..-The "dissolution behavior in a
Tris-buffered saline solution. indicated 'that -the ' dissolution rate of the FHA
coatings decreased as a result of increasing the fluorine content in the coatings. In
addition, in vitro cellular tests, including cell attachment, proliferation, and alkaline
phosphate activity of MC3T3-E1 preosteoblast cells grown on the coatings,
demonstrated that an FHA coating with a moderate degree of F substitution,
x=1.0, had a stronger stimulating effect on -cellproliferation and differentiation.
These results suggested that there exists an optimum fluorine content level in the

FHA coatings for the best long—-term stability and cellular responses.

_iv_
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1. Hydroxyapatite (HAp)

1.1 Hydroxyapatited EA4
HApE vFERZE 9 §718 ZAF%(Rhombic hexagonal) 4] o}3}E}
o] E (apatite) & & ol -£3rh[19] 27 1oAl K= npe} o] 4749
OH-7} Rhombic 7&£& FAsta glow, 6702 E4sta o, 674
o] Ca®'= hexagonal 7% &-o] Fo] Hi}, 88242 Cas(PO,);OHZEA] o]
el Ca/P BH = 167018 Wik 3219g/cm’elth &2 4A=

AN A= AE7L eFsttt pHE 7924, Aoyt & &+

Ol

|

=2 d7)QoE =2 ¢k=th HApe Ca™'e Cd* Hg”, Sr*, Ba”,
23 PhPebrol gl sHo] Bdele, OH & F ¢ o]ewg 5o
ottty AststAogs e ZFek 45 (Hard tissues) ¥ 23 4<l

spebA Adge olF i == oIt [20-22



223 3. Ion position in Hexagonal structure-of HAp



1.2. Hydroxyapatite®] 4%
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2.2. PLD ( Pulsed Laser Deposition)

Al Abgsol Skdkli6] s =

)

% 9]

s

3L

% 2ol

i

B (target)ol] 4 A}

191

B

B

= A

A7ke] o 1] %)

S
vl

AR50l of7]H 2

)

ol &

14, B, At

[e)
7
R

EbAlel A EojA] w2
= T o]

14 j8] = &2 o] iuasl

3

o}, Plume2

7

Plume ©]&}az

21t . PLD

Al aE, 2AIAE

=]
=, T

1

o}

SRR
o] A8l @e FAol itk PLDS

s
A B ol oA be] of i

H]

il
o

= PLD®Hel L& &

e Exdos

ot

i, HAp ©]

ofd 4 dtt [31-33]

_12_



Vacuum chamber

/ Laser

/’
o 1= A ‘

‘ bstrate
" . i f % Heater

*
a4 5. PLDEA % =[3
2|
4
”,

%

S HC

o

|
|
/

5

{/sd




3. Aerosol Deposition
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3.2. Aerosol Deposition &3
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3.3. Aerosol deposition®] A& Fof
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o] HAF¥(Samjo Industurial co,. Ltd,.

B-

HHS- S o] 83lo] sHAl skt =& 9. B-TCP(Merck ‘co., darmstadt
, Germany) 3mol¥} CaFs(Aldrich chemical co., milwaukee, WI, USA)
Imols &viSl ol &3k 3 YdE FRol ¥ 27 5Smmé] A=
Aol B& o]l &st] 24A7kEQE 52 ball millings sttt =34
w82 SRS AFESEY] 80Tl HxHYeH, Axd E2S 37
S ol A 1,000Coll A 24 7H&Qb d A g sl FAR S-S FH| st
FHAZ S 2t Ao st= spstARbA o wel E0jd FAZ 23 HA
TS EFste] 371 FAA 1,050TelA 2AEE 7HEste] Az}

2 Alxd FHA %L Can(POs)s(OH)z «Fx
15)%4< 7FA™ 05FHA, 1.0FHA 15FHA® et
Folo & met Xeof FA7F Ao Azx¥ HA, 05FHA,
1.0FHA, 15FHA, FA &% % o7HA9 A4S 7Ix 25+ Ti7] a9

=935
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2. AD =3

Ti7Zl#el ADZ ol §3te] =Ptk =W A, FEOR A§

)

rr

0.5mm5F49 <= Ti(CP-Ti, JIS Grade 2)Z 2000grit SiC paper®
AAntE stal SFT R Mt ZHelE 23/ TiAl
Hol At&HAT; 10mm X 10mm X 05mm A2 7|3 25mm X
05mm Y= 7|3

=9 el dig Al 82 o] &4 wiAolA Al AT
o2& AW <ol Ewo] FhEojzksel FgEol 10 X 0.5mm’ H AL
g €3 H 9 RAE S8 Tizlgel A, Agoirtas 5
F712 8 30L/minol A Tth TirAlAe HAA EWE AEsEoR
X-Y stageZ olsAlA bum FAZ ZHSLS

=<

o " g Zo] AREAe X-ray diffractometer(XRD, Xpert pro,
Philips, Almelo, “The Netherlands)E A}F&3Fe]  40kV % 30mA°i] A
CuKa ®Apbdo] AR ZAFeel A 4]k t-209] ®9l= 0.02°9 =

2 1°/min® Z2WEERE 20°¢4 60°9 ®HLE 27 A" F
2 FT-IR(Fourier transform infrared spectroscopy, IFS 66, Bruker
Optics, Ettlingen, Germany)® 5S4 %7}t FT-IR =9 E
40074000cm-1 HeolA SAAH. AP FY vAlTFE= FAREAR
1] 74 (SEM, JSM-5800, Jeol Co., Tokyo, Japan)C. = #&slgct. s8] =

ot
rlo

I\

¥Heol  AHVIE  HEHEE=ZA7|(Laser  surface  profilometer,

perthommeter PGK 120, Mahr GmbH, Géttingen, Germany)ZS A}-& 3}
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o ZAsch W ALY B Ane & Bt AL RaGOE

FHZTH TiZIete] HAAEE w5 A@7|(Instron  series  IX
automated materials testing system, Instron Corp., MA, USA)E o]&
g E=AdEAE (ISO13779-4)ll wet FA4s k. A4 25mm, 7
0.5mme] v]==3y TiA T A" S kATt s A 7] AFEH = A
Tol 7% A ZA(3M  Scotch-Weld Epoxy ~Adhesive 2214, 3M
Crop., St. Paul;, MN, USA)E Al-&3to] ZE AR A|HS] wuiea $l
w0 HAAAY, A AE AP S A 5712 FAR How X

Foll 3 Hstel = stedet.

o
it

& E A3
9

A"se &

e ~ddds Hal 285" A|MS 365C¢ pH74

ol

tris—buffered saline(TBS, - Aldrich Chemical Co., Milwaukee, WI,
USA)-E <o 1547k 73l Plasma-atomic ~ emission
spectroscopy (ICP-AES, Optima-4300 DV, Perkin-Elmer, Wellesley,
MA, USA)E °]&3t9 TBSENHo 2 Zgolo] &0l e A

& AEs9
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6. In vitro cell tests

2E AEe Ax S4 2 23 Aes 2487 f8l MC3T3-El
ZZ A FE(CRL-2593, ATCC, Manassas, VA, USA)E o]&3ttt In
vitro Adel AEE= AxE wYEr] s AEE WA=«
-minimum essential medium(a-MEM, Join Bio Innovation, Seoul,
Korea)E AH&3t3lth. Al wiFa f1s wiAlo] H7beh A2 10%68 7
(10% heat-inactivated fetal bovine serum, FBS, GIBCO, USA), 2mM
L-glutamine, 50 IU ml-1 Y& 50ugml-1 2EZ Enjo]alo|t}, o]
FA wtEolx wiXe 2IAES BAF F & 37T, 5% CO2 #917]
o] HiET|oA 3~4Y A SR AuigES AT 10mm X
10mm X 05mm =719 &£ TiAlH3 a8 % AlHS AE A3 A
&5t7] 98 zpelA Aol A At siith

AEE Al 9ol wiFe = 3AIZE FHell, AlE7E FAE X A AES
2.5% glutaraldehydeES AFE3te] AEE LA A 7]31, AA3] AZ2AZ]
U Gold Z®HE kil bkVe Hehoe = SEM st

A FA A8E g3 X 10" celly/ml) B EE 7hd AEE AlHo
G 24well plateo] WISt T AEE vlYA 7= 24well plates
S 37T Wil wa 59%e widatdtt. AlHE  phosphate
buffered  saline(PBS)&4o=z  AxS 3 F MTS £
(3-(4,5-dimethlythiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2- (4~
sulfophenyl)-2H-tetrazolium, Cell Titer 96® Aqueous One Solution
Cell Proliferation Assay Kit, Promega Corporation, Madison, WI,
USA)o] &0zt wjA]eo] ¥ % 2% 37C9 wjd7]o] tA] ¥ % 3
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AZE &t dEg AT mpAEte 2 w7 o A AW Al -S Microplate

reader(Model 550, Bio-Rad, Hercules, CA, USA)E ©]&3}° 490nm

ME 73t A2 AAHA A wjgd AM>EolA Alkaline phosphatase

of AZ( X 10'cells/mD)E T3 109zF wlFE F PBSE Al s},
trypsin—ethylenediaminetetraacetic acid® AXE EZA 7t} AJAEL
Wi §HS A FEAIZIY M el 1%Triton X-1008 4S5 ¥
1, 54/ JAHS ARG, AE EES WA %S protein assay
kit(Bio-Rad, Hercules, CA, USA)E A}-&3to] A3} AX E3}59
=742 p-nitrophenyl phosphate as the. substrate(ALP" yvellow liquid
substrate for ELISA)E A}&3}% . microplate readerE AF-835)]
p-nitrophenol 490nm 39| FFEE S5} 57 AAS 7t

AZ ARS8 AHeeteth 5718 A2 A1 gste] 4 AX A

O
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13 7. XRD patterns of the powders synthesized for coating : (a) HA,
(b) 0.5FHA, (c¢) 1.0FHA,«(d) 1.5FHA, and (e) FA
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Ti substrate

Intensity (A.U.)

13 8. XRD' patterns of the coatings : (a) HA, (b) 0.5FHA, (c¢)
1.0FHA, (d) '1.5FHA, and (e) FA
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a¥ 7S TiZ1® o)l #"¥9 HA, FHA, FA 38959 FT-IRZ23 ©
2 Y ~HERS RBoFErh BA4 o9 HIbd Aaglo] of
stetolEo] ZeE PO, 9 54 o] 900-1200cm 2 500-600cm
Mool A BHEEALY. AT B4 oS FHUFsE FEeo 4§ OH °

2o #e EA w=o Wol7t dAH At 34 630cm A HA =

2 O ZE7 2dEe RS HAFET o3> OH o9 #gel F

=,
Ebkthl44] =53 HA 328 204 3572cm ' 949
, Flol&e] HrbgFo]l Foldel wet
3572cm T HAY] A=t A E] ZolE5a A2 3543cm 'FAe] ©
WerE AdE = Ae AL 5 AT ol = ofdElolE /A AL WA

OH o] 23} F o229 & ujzoldti = Hrk[44]
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3 9. FT-IR spectra of the coatings deposited on Ti substrate :
HA, (b) 0.5FHA, (c) 1.0FHA, (d) 1.5FHA, and (e) FA
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13 10. SEM images of the surface microstructures of the coatings
deposited on Ti plate : (a) HA, (b) 0.5FHA, (c) 1.0FHA, (d) 1.5FHA,
and (e) FA
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(@)

Mounting resin-:

Coating layer

Ti substrate

19 11. SEM micrographs showing the polished cross-section of (a) the

pure HA and (b) FA coating deposited on Ti substrate

HA 0.5FHA 1.0FHA I.5FHA FA
Ra (um) 0.81 + 0.72 £ 0.75 + 0.58 + 0.50 +
a (um
! 0.02 0.03 0.02 0.02 0.01

¥ 1. Surface roughness (R,) of the coatings
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HA 05FHA | 1.0FHA | 1.5FHA FA
Adhesion
36.5 37.6 33.1 34.8 36.3
strength
+ 45 + 3.1 + 6.0 + 2.2 + 3.1
(MPa)

3% 2. Adhesion strength between the coatings and Ti substrate
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a9 13, SEM micrographs of MC3T3-E1 cells “attached onto the
samples at 3 h after cell seeding : (a) bare Ti plate, (b) pure HA, (c)
0.5FHA, (d) 1.0FHA, (e) 1.SFHA, and (f). pure FA coatings deposited

r

on Ti plate

E
1wy
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a
=2 (a) p<0.05 P<0-05
2
——
=
E 0.4 4
L
[ 0
3
2
2
5 0.2
i |
|
o]
2
0.0
an’tmlTi HA 0.5FHA 1.0FHA 1.5FHA FA.
Samples
0.04 - :
(b) p=0.01

pc::ﬂ'.l]l

0.03 H

0.02

0.01 S

ALP activity
(umol PNP/30 minute/mg protein)

Control Ti HA 0.5FHA 10FHA 1.5FHA FA
Samples

19 14. (a) Cell proliferation and (b) ALP activity of the MC3T3-El

cells cultured on samples for 5 and 10 days, respectively.
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