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range of apatites. Fluoroapatite is one of the materials that can release F-
ions at a controlled rate. Fluoride ion replacement improves cell
proliferation and activation of osteogenic cells to the implant surface.
Methods: In this study, calcium phosphate particles were synthesized by
combustion synthesis in solutions with different amounts of alkaline
agent and at ambient temperature. The synthesized particles were dried
to varying pHs after washing and centrifugation in a vacuum
environment and at 90°C. After preparing powders, all samples were heat
treated at a temperature range of 850 to 1100°C. The physical and
biological properties of the samples prepared at different pHs and
temperatures were investigated.

Findings: The results showed that increasing the solution's pH and heat
treat temperature increased the release of fluoride ions. It was also found
that increasing the pH in the initial synthesis solution decreased the
particle size from about 500 nm at pH=8 to 100 nm at pH=10. This is due
to the improvement in the uniformity of the initial synthesis solution. The
result of this research can be a substitute for damaged bone tissue.
Because it simultaneously contains two phases of hydroxyapatite and
fluorapatite, which will lead to the control of the release and absorption
of mineral ions.

Conclusion: In conclusion, hydroxyfluoroapatite particles produced
through combustion synthesis in solution exhibit promising
characteristics for bone tissue repair. The synthesized samples retain
their fluoroapatite phase after contact with simulated body fluid for three
weeks, demonstrating chemical stability. Furthermore, the presence of
hydroxyapatite enhances the release of fluorine ions, indicating potential
suitability for bioremediation. Therefore, the combination of
hydroxyapatite and fluoroapatite phases offers a viable option for
= effective bone tissue regeneration.
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Extended Abstract

Introduction

Scientists are exploring biomaterials and
nanotechnology to repair environmental
damage to the human body, mainly through bio
implantable materials. Bioceramics, especially
calcium phosphates like hydroxyapatite, are
crucial for bone repair due to their chemical
stability and biocompatibility. Hydroxyapatite
closely resembles natural bone and can
incorporate various cations and anions.
Notably, fluorine (F?) significantly enhances
hydroxyapatite’s  properties, leading to
fluorohydroxyapatite (FHAP). FHAP exhibits
better chemical stability and reduces dental
caries, improving cell proliferation.
Fluorapatite, less soluble, offers advantages in
restorative materials by resisting acidic
environments and promoting chemical bonding
with glass-ionomer cement. Various synthesis
methods, including solution combustion, have
been researched for hydroxyfluoroapatite
nanoparticles. This study focuses on the impact
of chemical solution pH and sintering
temperature on the properties of fluorapatite
nanoparticles.

Findings and Discussion

This study synthesized ceramic particles using
the combustion method in solution. Three
solutions were prepared: solution (1) with 0.5
M calcium nitrate, solution (2) with 0.3 M
diammonium hydrogen phosphate, and solution
(3) with 0.1 M ammonium fluoride. Initially,
solution (1) was mixed magnetically at 700
rpm, and then the solution (2) was added
dropwise. After thorough mixing, solution (3)
was introduced, and the pH was adjusted to 8,
9, and 10. The mixed solutions were allowed to
age for 24 hours, washed, and dried at 90°C for
another 24 hours. The resulting powders were
then heattreated at 850, 970, and 1100°C for
one hour. Also, investigations were conducted,
including X-Ray diffraction analysis (XRD),
Scanning electron microscopy (SEM), ion
release and Particle Size Analysis (PSA). This
novel approach holds the potential for
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significant advancements in tissue repair and
bioengineering.

Temperature above 970 °C caused thermal
decomposition of synthesized apatite particles.
Hydroxyapatite nucleates and grows more
efficiently in basic environments, resulting in
finer and more uniform particles. Increasing pH
enhances nucleation and uniformity, as
confirmed by SEM results. Increasing the pH of
the initial synthesis solution resulted in a
reduction of particle size, decreasing from
approximately 500 nm at pH 8 to 100 nm at pH
10. This change is attributed to an enhancement
in the uniformity of the initial synthesis
solution. The presence of hydroxyapatite in
alkaline solutions increased fluorine ion
release, making these materials viable for
repairing damaged bone tissue.

Conclusion

In conclusion, hydroxyfluoroapatite particles
produced through combustion synthesis in
solution exhibit promising characteristics for
bone tissue repair. The synthesized samples
retain their fluoroapatite phase after contact
with simulated body fluid for three weeks,
demonstrating chemical stability. Furthermore,
the presence of hydroxyapatite enhances the
release of fluorine ions, indicating potential
suitability for bioremediation. Therefore, the
combination of hydroxyapatite and
fluoroapatite phases offers a viable option for
effective bone tissue regeneration.
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3. Scanning Electron Microscope

4~ Energy Dispersive X-ray Analysis
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6- Simulated Body Fluid

v

5 olle¥sS [IV] 18l o b b s > oolaidl 5 o33by 4
pebolizo @l 5] it 5 0oliel L Y-¥F Jlo )3 oS
Wole sty glad S (gly 4Bl das 3 Slas g (ylly b (g0lge
Oigy ol IVV] W58 g Sluygls g aublize (g5 p el
LS Ly pleia gl 5l plaS po o8 cuw Slgl 5 sl jesie >
9 S 5 ales Jpanme 2 (sl 4 Ol g e o it ol
g adol dlge clale ()35 wb ey dbod [V] wsL atily o] cueS
2 Bl Fe gy d s dil )b gl yiie 5l (S5 Jsle PH
by (Sap Lolss Sl am ol sl o sl e Joboce
sl 2 sl 4B S 113 2 3,50 Cil] DD 6 (Soln
O 536 & 225 b o Jgboxe PH 155 (o 42 ol 340
2 Gl Sllos glod o g 0ad JS5 2l B o
2 sl jgs Gl sl gl el 5 lesd ol
5 LUl odds (W gy ol g0l as by g baes
P52l ool Sl i adsl Jsloe )3 (5g)m (g )35
oo (53590 OH- L HF 136 5 5,5 518 0 9y90 Sl
il Oldas Caslio (slod el gliwly ;500 5 jasuie Jol>
o > olSas 5 igSplS S g ilite lillas 3
oy o 1y Al Oland—pundS” sl ydg (Jyl > Slles VY
S5 4 oo lad ol a8 soly lis g 13,8 oy Vo++°C
(omomed [VY] 245 0 B-NaCaPO4 il [, 5kocu; (slajlé
G5 Slid & 53,8 SBIE VY Jlo 3 ohlSen 5 gyl
56 010-°C 5 3--°C lod 5> ygawbiondS 5 us (TCP) s
M o dge O () ool Orien 5 amde Sl

20,8 Ol b ojl ek > ()l Slles (glod au 13U [YY]

g, 9 Slge

Syl it g Sl (Seelyw O 4 Capr p2le Giagh 5>
il ygald (gyd90 > st jglateds .l o o3l Jgloo 4
ol g +/0 Clle b (1) Jolome 0 g gl dlgo I Jsloea ¥
@ 20028 ogls b wlpin 155 pundS @l jis) pandS slaygs
(1.02121.1000 1S o CANO3)2.4H20 lasis Jgas3
poisel (53) shud Slag sl Yoo oIY Clale | (1) Jolowo
whoed s @ TAee o ogh Lowlad g
Y cdalé L () Jgloxe 5 (1.01126.0500 5 . NH4H2PO4
Jses® 4 7AAAR [osls b clysls posgel) sgsls (slaysy ol
b 425 (1.01164.1000 < yo NHAF Lot

090 b ombline ol SaS™ a4 (V) Jobro (glipl dawl o =¥
Wb oo y5sls (gols aS (V) Jsbro Ly 4S5 bMSI V- rpm
3o a8 03933l cuandS” 59l (1) ol 4y 05la8 0)lad &9
slaoig 59l (V) Jsloxe omig Jglone 99 ST I (bt o500

L. Merck

2. X-Ray Diffraction

A=Y+ Y :(D0) 10 Y FeY 95 Blgo aloxe



Jols 39 () 9 (Seimd ol g2 (Il Olles Slbod g adgl PHL i (o) 32 9 Jolone 3 (31501 (g 1 (Fliud oS O3 jiiw

+# Fluorapatite

@ HydroxylfMuorapati

# Hydroxyapatite

& Ca0
- |8-raw
5
8 :
£ b :
= s : > o hawi® s
e o L5 : ;;1}3'{:‘.1 5wt
= [ W 23 A s AR
= (9-raw  Jm/ AWML A o

e
| IR

satespies o W
o [Mpe g eS RSy & St
10-raw A M A W W*"‘..‘/M"\\.\,_,

T T T T

T
10 20 30 40 50 60 70
20 (degree)

ol lekas 51 Jud 1a,093 XRD geylis - S

)08 0las b Sl S5 (slajle g2ge (slacibs ulul
900-015-0876 )8 o)l L bl o513 ;15 00-034-0010
96- )5 o)l L Ca5(PO4)3(OHO0.2*F0.8) bylsxe ;b
osise oamlie & jghiles .l Slels 6 153-3065
il o ol gils 56 o i ) 3 05 iS5 6 Lo
Gillas .l adsl Jalo 15 OH- joan 51 oL 505 56 55 sanlie
5 Jsbxe 0 PH Lislidl b S 5g, o i) o ol w5, b
St @ blod iy s OH- lagygy oljee Galj8) eomey
bl ygigld 56 JuSuas HUS ) (5)lm a5l 4l cull onS'gy0m
B aw ol Gillao 23,5 00 Sl 3 Sl S S
B9 poegdMe (il Cunl 0ad polie badiges 3 j5Sie
o33 IS5 3 55 o] bolsn 8 gl puSgym 5 bl gigh
ol elbals o Sl M wgrge (elacib oluly
cel P g OH- (glagys las cud o105 09,05 3529 56 aw ()
XRD slosioxio 2 (gl smm 5856 5005 Ll 23S0k b 29 o
g gladllas )3 disly ol 55 sl awsly aSus gbssl s Ll
s o5 &8 03 s [Y0] Yo A o 5 o Kad 5 slzls
3 S ui gy Ce e » ZN2+ 4 Pd2+ Cd2+ la
Lis calitygrls Lol ko 5 ayles o dbyl aSi clo 2ol
55 (Se08) S8y ga] il ] 5 S ) 5 sl
Ot Sl b T3k 4 ke & sl e L g o3ll L L

el 08 XRD IS (6o o 55
Sldos 5l Gy 0 i @lyd 3l Jols XRD gl (V) JSs
w3 &S pehailen w3 e b Iy Sglite slaled )3 )l
G e )l Slles (glod (i3l L jg 0 4 el Gbles boxie
G g g GlpSy 4 g odd Al oS sbly) > il (VL
oS s e bl 4558is] (S 51 ol 0 039381 Lol 5V,
sobite slojl bl pnSghem g oy yiold oS gy hm (slnjls
slod o cels NV Gro @ odd Sl Sldas sladiges (5 ol

A=Y Y 5(D0) 10 Y F Y g5 Blgo aloxe

Sl b duolio > Joloo (ul )3 39290 SluS 5 (V) Jgior 53 0

ol 0L oa)ai O

6'.0.»:3{: b awslio o SBF o byg cale -Y Jgos
[24] lust 95

ENROALE

SBF o5 Lol >
142.0 142.0 Na*
5.0 5.0 K*
15 15 Mg2*
25 25 Ca*
147.8 103.0 Cl
4.2 27.0 HCO*
1.0 1.0 HPO*
0.5 0.5 S04+
7.40 7.2-7.4 pH

8 SBF Jslowo 3 cigas o 5l 5Ly 03101 ¢ gt 30T (o1,
Joloes (gy0 dtan ¥ g atan Y (slaylojcose j> ldiges cpl .28 S
(PY°C Glod o o b cnlize) J10,Ss 55beSOl alaims j> g
Joloes 5l ladiges ylaine Jloj (slooygd plosl 5l an s (5,00
ag5 o pbal 5l G oadesls gt Jobl dlwgts 5 5u3 )l
35 s 355 Eoslos SBF goms 5 51y (s (o255Ty
5 Ohaley Glie (ooyp gl Wl St Gl Lalpd g be
Slowsdly (5399 5] (i i 3V a3 gy Vol
ICP-OES, oSty SoS 4 (ICP-OES1) Wl cas
Sesll cas U ol s eslizel Shimadzu, Japon
9 g 00 03wl (PPM & PP0) YL cés b polie clale ylojon
oy @l siges Julos gl (Vo e v+ K B) YU (slos b Loy 51

..)).3‘;0

Sldes 51 18 @glate lPH 5 0uds i sladiges XRD gl
Cawl 045 0213 u:ulm (\) JS.N I L;)‘P

L Inductively Coupled Plasma Optical Emission
Spectroscopy

ay



L’,b&o&, u.oLw

o oo (08 5 e g (BIES (il A3l (o0 42 B
wles Sl ojlul yials ases ) g adgl (sla atwn inl3dl 4 Llgs

& Fluorapatite *
# Hydroxylfluorapatite s bﬁ“
# Hydroxyapatite T
¢ Ca0

. s
8-850

Intensity (a.u.)

l \

Ny

|
MU \__\AM“A,

” ‘o - l - X . ‘ l’ »
L S T | [T i Sodan]
T T T T T
10 20 30 40 50 60 70
20 (degree)
< Fl tite
* ii\“:\]ri‘\p\ﬂl:llncw.w.vl:u : <
@ Hydroxyapatite ®
¢ Ca0
-~ 8-970
3 .
< os
- ..
= X
&
.
2 8 o :
= |9-970 M

10-970 il | REE SRR & m

10 20 30 40 50 60 70
20 (degree)
& Fluorapatite
¢ Hydroxylfluorapatite : rdl
# Hydroxyapatite .
+ Ca0
~ |8-1100 3 Loeleelt
=
&
£ ‘ :
w . i .
= 4
3 5 . [
= [9-1100 [
10-1100 il
— ’A”"“"' —— ‘IA — T T T
10 20 30 40 50 60 70

20 (degree)
1100°C(z 3 970°C (< 850°C (A sleo

Af

s 3 PH il b dacals ool gub s AY-°C 4 °CAd-
adly l381 49.7 4 32.9 sblg; )3 den g0 sladls s dod du
ke (YVY) 5 (Vor) Clrio & baye ab ol cul
ol > aAls 5 Jol 200 gl as oS wss cll (S,
Hidko 3 eShe laald Gl oS Cunl [yl Cuenl Bl aSS ol 518
Ol 955 Glgiee o A3lee o8 (V) UK Gilae il il8
Slawd oS slaj6 ol & pitaw biled PH o153l L oS sl
OH- 1 g5Vl poolie 399 o e o ol S 9302 032 40k 2
G o Syl Sldas glod slod Liul3l b ogMes .l Joloes 5o
g il 13, Car BIS oloj s Meoe el ol
3eST 56 a5 305 0 odalie 10-1100 wges ;o Cpizmed 3,0
295 ol vl 0ad jslite ((Sland S (lajls (330l wanlS
S 231 Y o 5 B Lo (lojan s9n (o305 5
4 bl pedS e 1 g 0nd jiiw dladse b gdwST cel
i slod & bl ] izmen )0 1y (e abowsy (55l
ol VP ] canlors 035 puess W5+ °C dgas 13 cuil] (g hun
e We%C &y 5l cldas slod il 3l a8 5 05 5gmg Jlass
5055 5l adgl bl clajls 4 by e (claald s LialS 4
Cannl 0405 115518 pandS Slad g paandS” 3081 o318 LSS yuagan

&l wbdes 31 Ju8 byogy PSA gl -Y
o5 et D ol iSiin gy gl ) g b s
i 55 adgl Jsboeo PH G158 iy ldllin 3o 5 o
CadliS anled lyd ol lawgio (ol 36 Jelore 3 Bl isl
o {YV] Ve Jlo jo oh)lSen 5 J bwgs (gl dallles 3L 5
5 sledldsl oy (5 el j 3 PH 38l 45 5
2 gl V.Y &4 PH=3.6 )3 gogil 0A 5l l)d o5l jals ceely
ol iy JpS cel ol bow (wlol (9l .03 pH=9.2
5 g (reduction) ials gla isly 45 15 ead @l L,
Ly gl dalllae )3 piomen 103,80 aio <3 (aggregation)
s > adgl pH b [YA] Yoro Jlo 0 ollKes 5 o8
A asele e 285 )5 (0 350 PERU (sl g LIS 5
Ll sy, (Sasly g ol ojlul ials cel pH i3l a8
o5 (OH-) 2Sgynm (oo 4y b U o 2350
yol opl S oo JpiS 1y olewds sla STy g e3ly ialS 1y @l
«lyd Jb e bl des 5l bl oled day el
Gilwaigg ;5 PH oot Coenl snimd lis pioren ol g oo
9 o0 bwg gl adlls > ol poegMe sl Sldgl o)l
gl e p adgl PH b Y] Yeed Jlo o o) Ken
WD wyp S9gyale slysl by il eslazul L NI/NIO-YSZ
YY d535) 585 lyd o3lul (sdnl slapH > &8 sy L @l
S5 GedleSy 5 5SesS @S YL sl PH > g (el
S g @yl puSly ey Sl csl PH I3l 295
claybale LS5 4 ggoge cpl Ded oo Gl)d Wby aT6
o301 LialS bl ol g 3,8 sales S8 ci gy Jiw S'eib
Syl adsl Jslowe PH iol38) 315 Voo NM & 0« M Ll

A=Y+ Y :(D0) 10 Y FeY 95 Blgo aloxe



Jols 39 () 9 (Seimd ol g2 (Il Olles Slbod g adgl PHL i (o) 32 9 Jolone 3 (31501 (g 1 (Fliud oS O3 jiiw

39 ol Sldos g yiouw adgl Jokxo 4o
T=970°C

A=Y Y 5(D0) 10 Y F Y g5 Blgo aloxe

LT s wlw! g &lyd lawgso o3lail —F Jgus
PSA
(NM) 153 o 3lail lawgso

Aooi\vo pH=8
Yookq. pH=9
YeokYo pH=10

sl 5o ouls Iyl wldes wlyd SEM mls -
970°C

Ca0 sl ogllacls jB jpin pie g lajls (Sivjob oliee gl
2 odd Syl Slles sladiges 3y50 y> Lais SEM (gla )y
P od jiw by SEM (cla pwyp zolis b plool Y- °C (clos
Y USG5 aY-2C Glod o Syl Slles I s eglise clo pH
il g 258 £3998se 3 3 PHEL10 5 .l 00 ool Lo
wlod SO o PH [mldl b jgye 4 s Hdyes 3 leis
SBI9Se g Jplaie Jisle (T=970°C) paseie ()l cldes
Jls o o hlKen § Ky bwgs (gladllas > .cuily snlgs gy
YU PH i sy b La-M cligls (g, 0 [¥-] Y-
Yo ogue ol b claY (slajisle g 55, @l LSS 4 e
FobisS alynl loj g yauad Gyl cely (ollS o i gl
(bl Lulyd )3 (il 28 S8 5Sen IS Wy 4 &5 45
IS 4 OH- by g 1 i o ) S STy
ol ol ol S o SaS eyt SuSTyy 5 3 gy s pazs
caleSy sl dbol o alyd ojlil o (mbge Clpss ials
b (Bl jii )3 45 5,8 cutly y 65501 Gl (o0 Oionen D950
5 Sl e il 4 gl Sl eud Al g5l (L8 pH
Sz labybe o )3 A 0 S8 S SIS 1y
MV Ssde S0 3



L’,b&o&, u.oLw

SR IPE] YA o )3 oK ¢ IS Lausgs ol dolllas 55
Si02-Na20- Sl (slapiuns Syl clles lod
Clled 35 g 5l i S sl LSt5 el CaO-P205
Sy oy Vo0 °C (slod 3 0ad )l ldas dlge 0d
36 Ly ol olis (SBF) o (gilwand mlo j3 1) o
Sielan slayuiSly cogis el s sbu] Na2Ca2Si309
VAW Jlo g ghlSen 5 (655 bawgs ;05 (cdingy 09M 295 o0
by oyl Jlesl as sl L Jimgdy opl b pbol [YO]
4 e demss Cllygle oSl (g9, p W ee-V--°C
LS 5 anls YU glales )3 S5 gm0 slo Jlis,S St
SlEgd (ol ylidle bais 4 atwal 23ke,S oozl eolil § Lo
SHH G Jl3) (it 935 SoS 081y gl Jliwy 5L
YO Jlo po ol 5 (pdgumelss lawss (gl dddllas 55 pioead 0l
MQgO-AI203- ool » WF°C b L il8l {¥5]
D dlge e 3gu00 9 S Sjgw (sla Sl S 05y cels ST02
S ili8l g was olaild sloul 4y led il b clyuss ol
bl it s ol b Jols p iite il a8 0,5 oS xlaws
GL.JJ u3)|)> Slles glod u.ul)Bl PURTS) ~° ULM; C;Lcyé}n O‘i‘
el Giggy ol Sl ol (sla diged )3 (g )1B) Sgate  Guslie

s

Intensity (a.u.)

Iy il Slles 51 L8 laysg b g ye XRD slacab (F) S
b duolio ;5 a2 o0 (yLis SBF Layswe )3 (6,5,1,8 awan ¥ 5l ey
C;Ul.w95 ol l.«.o) ‘(\) wa: 5 odud u}')l)> Slles ‘5&4\59&
adsl 3B 5l et Mol 5l (3L ggbge cl il oo I3 |y (6 ynien
Sixe Oguy (ien Cusl SBF Jgloe b wled 5153 diged
WJolo )3 (g5 dbse Llsl )5 igad maw (59) p 0dd S
[IV] e 3 plate 5 Jlias ) &g g aidly

4 e ¢ Jolxe adsl PH Lisl38l SEM § PSA mls 3 5
bl g o g OY gase (3l 5 @l dlel ad
aad o PH ol b 0ed e stalie S5 3 &5 b jlen
oo ol ol oud 03938l Slescinl glaild L lagye (slaald
2 b led g ks deue Eely yuxio (ol inli8l &S Cunlize
CojgnalS b {YV] VY Jlo 3 ) g o0y bawgs (sladllas
53 3 VolostlS £ & (ALS e a5 & CUO-ZNO sla
adol PH Lalidl cadllae () b o 50 WJg Joloe j> 5l
S5 ke 35 b Sgei s Sy g2 (ol 55 Jgons
m ).) 9 oD )A.A.Mo\., CJY?M 0)15 a.la.w £)-Aﬁ|)b~ U‘,l u.ul)Bl
Al (o S5 b i9nd s 3,Slas

4 Fluorapatite
© Hydroxylfluorapatite
® Hydroxyapatite
¢ CaO
8-raw-SBF
& i n a2 -
9-raw-SBF L Ve o ¢
oA LS e A W e AANA o
10-raw-SBF . &
- sl e ) A | TP SRPPRS _ (0 AN P Ga A
T T T T T T T
10 20 30 40 50 60 70 80 920
20 (degree)

b ol wldos 51 Jud 1 yogs XRD cibs —F S
aa ¥ w4 SBF Jolxo 4o e

Sx5Hl 8 4 Yl e g ()l Slles 5l L8 b )39 (s L8,
ol b gl osd o3y ioles (0) S5 5 SBF Jgle o
o) 3l e g Ul US55l clbes glos (ol 8l sl
239551 ol (sl Al o 1 g S Lo (cligg o i (yKnl

L Chitosan

A=Y+ Y :(D0) 10 Y FeY 95 Blgo aloxe



Jols 39 () 9 (Seimd ol g2 (Il Olles Slbod g adgl PHL i (o) 32 9 Jolone 3 (31501 (g 1 (Fliud oS O3 jiiw

3o SBF Jalme (G cdile Olpudit guls -0
aan ¥ g ) oo a aiges g5 ,l,8

) 8 edise clyy 1, ICP-OES 51 51 Jobs mbs (%) S
Uil y M) duobro 3l polie cpl ey o s )l Slles
oo 3| asisas 35 5l o (b6 e 5 SBF Jolows cllo
diges ialey oo 5l Ui molie ol (5)las cowl odal Cowy
ol b b aaa ¥ g dian V glale e jd Lt baore 4o
Fo) G a2 Gl (i 390 Sy & 390 020l gl
9 LSS 689y Ve 9 AL ply PR L ladiges )> (PO43- 4 Ca2+
Ol & K155 oo gadse (pl .l Ay 5l glate PH=I L diges 1
e 30 () o8 105 05k Lo po Byin] oo 4] 3 )8 S
b 55 ol el 5 Ll JlS s imon 5 03051 3165 o
Ll Gl (6,8 gz g0 LIS

IS 5t o bl 655 ) g XRD §l ol guls 3l
Sl 03 Slind Gl 5 ol ey S8 el PH il
O 290 3 by ool Ll cud (Gase 5 5l (gl sl oS
Jlo > ohlSen 5 (59 bawgi ladllae )3 .l ond juin 5okt
Y0°C lod > cusiblygls g el uSgnm Mool [YY] VoY
clale S sl i gt (b )5 )8 sy 050 cilisie sl PH
sty JB g 4 callggh Mosl Jib 5 Slind g ppels
ol 29 Sl uSgym sl Jgb i (slo il I aS
Fo L awmlis ) bl ol Jidle juin o)luk I (56 ggo9e
Sl s SaS 4 5 ol 3 Ll el S 00
sl pdy ISl il 56 5 aley (a8l ISl Y

A=Y Y 5(D0) 10 Y F Y g5 Blgo aloxe

# Fluorapatite

)] M ® Hydroxylfluorapatite

@ Hydroxyapatite
*Ca0

e . “ee . S et s e
8-850-SBF 3% I L

Intensity (a.u.)

9-850-SBF

10-850-SBF

T T T T T .'".",".".*' e ',"‘, —
10 20 30 40 50 60 70 80 90
20 (degree)

& Fluorapatite

(] : & Hydroxylfluorapatite
: # Hydroxyapatite
4 CaO
. “e
> ¢ e

8-970-SBF

Intensity (a.u.)

9-970-SBF |
28 e e

S
10-970-SBF | ,,

10 20 30 40 50 60 70 80 90
20 (degree)

. « Fluorapatite

(’._ : @ Hydroxylfluorapatite
@ Hydroxyapatite
#Ca0

8-1100-SBF ot

Intensity (a.u.)

90-1100-sBF | 7T [l e oy ¢

A S MU WL

s A
10-1100-SBF | . [l|y« 7% SR
A A LN Y _\,,"]l.‘u_,\ VYU A mA M et M
T T T T T ) T

10 20 30 40 50 60 70 80 90
20 (degree)

oy & )l > wldos b 041 3I XRD ol -0 S
3 o= 1100°C(z 9970°C (o 850°C (W glos o
aén ¥ wao 4 SBF by



Olse2 g (ol

Celo & ae s We%C g AV-°C Ad-°C slod > )y
6Vl sles a8 b Lt gl .S JE Syl Slles coo
L3y 5 i 15 gLl Gl )l g 4 e AV-C
Ol &S olr 0 550 Sl gl )3 Coll Ss)0m
oS B SeSleSy 5 i S iglsiee 5 ojluley e PH
FYLPH &85l (s (SEM) (g (59 S GrgSang Sim sl
(XRD) LSl ansl bl gults 5 o (SaS sty 51siSs &
(il Lo )3 i dus I ey 2 1y ] ol 56 s
ol o alowd 6ylub simd s 4858 anl (SBF) oy o
(ICP-OES) lall i (slowsdly (595 jlit] omiwiiul gl
Age el Pgrcmslio o5 Cusl 39l (g g5 BB Ll oxim s
Sl S50l oMo w3 e (L3 1) L e
S ol Lt allB slaJglxe > sl yold Sl (st (gill]
< bl p5lh 5 bl uSgynm 490 jpax s 4 03k
ol (SlAL 5T @ S oSS 0l S8 (Sane B JSi5 4

28 s Glgeal €l mua s (sl

o295 @S Jeol 5l g9 SIS Ol
Ly allbgh @jgon ol Bus ) Sauses lis )

ol 0392 OL’] C,%Lo‘)

Sl o>
sl 03 ol Al S g5 bawgs pols Guios alysa

¢ ol 15l yiolojl ploo!

“_s.oLw K .("_ULJ 9 oaly le?u

o3l3Mo P (Egdge Ly g u;.l.oi.ml) f‘_goL» Y u’l’ef uﬁ)lij
SB Sy bl - B

&l (ol
0351 gilie oyl wig8ym 136 pils lio (S ais ol

ol

F ion release (ppm)

1 week 3 weeks

—
<
1

Ca*" ion release (ppm)

1 week 3 weeks

PO, ion release (ppm)

1 week 3 weeks

31 o SBF Jalxe ICP-OES gl -# Jsis
Wan Y g ) Wow & baiges g5yl ,8

Fiw Bojb 5l Cuiblyygeld (wSgprm Gl Mg p adlas oyl

i | g 92 38 yoste it S lgisa PH L e Jlowo 55 3l

A=Y+ Y :(D0) 10 Y FeY 95 Blgo aloxe



Jobs 391 (i j g (Sujud (Pled 1 (Il Oldes Glos g ol PH i (o) 2 9 Jglone 3 (315 (9 &1 (liund andS O3 i

References

1.Zhao, J., et al., Solution combustion method
for synthesis of nanostructured hydroxyapatite,
fluorapatite and chlorapatite. Applied Surface
Science, 2014. 314: p. 1026-1033.

2.Song, W.H., H.S. Ryu, and S.H. Hong,
Antibacterial properties of Ag (or Pt)-
containing calcium phosphate coatings formed
by micro-arc oxidation. Journal of Biomedical
Materials Research Part A: An Official Journal
of The Society for Biomaterials, The Japanese
Society for Biomaterials, and The Australian
Society for Biomaterials and the Korean
Society for Biomaterials, 2009. 88(1): p. 246-
254.

3.Tarannum, S., et al., Amplification of
photocatalytic degradation of antibiotics
(amoxicillin, ciprofloxacin) by sodium doping
in  nano-crystallite  hydroxyapatite. RSC
advances, 2024. 14(18): p. 12386-12396.

4.Balas, M., et al., Biocompatibility and
Osteogenic  Activity of Samarium-Doped
Hydroxyapatite—Biomimetic  Nanoceramics
for Bone  Regeneration  Applications.
Biomimetics, 2024. 9(6): p. 309.

5.Radulescu, D.-E., et al., Latest research of
doped hydroxyapatite for bone tissue
engineering. International Journal of Molecular
Sciences, 2023. 24(17): p. 13157.

6.Liu, X., et al., Investigation of Different
Apatites-Supported Co 3 O 4 as Catalysts for N
2 O Decomposition. Catalysis Surveys from
Asia, 2021. 25: p. 168-179.

7Kazuz, A., et al., o-Tricalcium
phosphate/fluorapatite  based ~ composite
cements: Synthesis, mechanical properties, and
biocompatibility. Ceramics International, 2020.
46(16): p. 25149-25154.

8.Bose, S., et al., Thermal oxide layer enhances
crystallinity and mechanical properties for
plasma-sprayed hydroxyapatite biomedical

A=Y Y 5(D0) 10 Y F Y g5 Blgo aloxe

coatings. ACS applied materials & interfaces,
2020. 12(30): p. 33465-33472.

9.Bhadang, K., et al., Biological responses of
human osteoblasts and osteoclasts to flame-
sprayed coatings of hydroxyapatite and
fluorapatite blends. Acta biomaterialia, 2010.
6(4): p. 1575-1583.

10.Khvostov, M.V., et al., The influence of zinc
and silicate ions on biological properties of
hydroxyapatite synthesized by a
mechanochemical method. Ceramics
International, 2021. 47(7): p. 9495-9503.

11.Basar, B., et al., Improvements in
microstructural, mechanical, and
biocompatibility properties of nano-sized
hydroxyapatites doped with yttrium and
fluoride. Ceramics International, 2010. 36(5):
p. 1633-1643.

12.Aina, V., et al, Sr-containing
hydroxyapatite: morphologies of HA crystals
and bioactivity on osteoblast cells. Materials
Science and Engineering: C, 2013. 33(3): p.
1132-1142.

13.Pajchel, L. and L. Borkowski, Solid-State
NMR and Raman Spectroscopic Investigation
of Fluoride-Substituted Apatites Obtained in
Various Thermal Conditions. Materials, 2021.
14(22): p. 6936.

14 Ratnayake, J., et al., A Porous Fluoride-
Substituted Bovine-Derived Hydroxyapatite
Scaffold Constructed for Applications in Bone
Tissue Regeneration. Materials, 2024. 17(5): p.
1107.

15.Silveira, P.H.P.M.d., et al., Synthesis and
characterization of lithium fluoride-doped
hydroxyapatite by aqueous precipitation.
CONTRIBUCIONES A LAS CIENCIAS
SOCIALES, 2024.

16.Ferizoli, B., et al., Effects of fluoride on in
vitro hydroxyapatite demineralisation analysed



Olse2 g (ol

by 19F MAS-NMR. Frontiers in Dental
Medicine, 2023. 4: p. 1171827.

17.Yin, X., et al., Solubility, mechanical and
biological properties of  fluoridated
hydroxyapatite/calcium  silicate  gradient
coatings for orthopedic and dental applications.
Journal of Thermal Spray Technology, 2020.
29: p. 471-488.

18.Miyazaki, T. and S. Muroyama, Factors
governing the fluorination of hydroxyapatite by
an ionic liquid. Ceramics International, 2021.
47(11): p. 16225-16231.

19.Han, H., et al. Study on the effect and
mechanism of NaOH on the modification of
fluorapatite: A new method of preparing fluor-
hydroxyapatite. in Journal of Physics:
Conference Series. 2023. IOP Publishing.

20.Charlena, C., Y.W. Sari, and W. Islamia,
VARIATION OF SINTERING
TEMPERATURE IN THE SYNTHESIS OF
FLUORAPATITE FROM SNAIL SHELLS
(Achatina fulica) USING THE SOL-GEL
METHOD. Indonesian Journal of Pure and
Applied Chemistry, 2023. 6(3): p. 151-162.

21.Gyulasaryan, H., et al., Combustion
synthesis of magnetic nanomaterials for
biomedical applications. Nanomaterials, 2023.
13(13): p. 1902.

22.Golubchikov, D., et al., Powder synthesized
from aqueous solution of calcium nitrate and
mixed-anionic solution of orthophosphate and
silicate anions for bioceramics production.
Coatings, 2023. 13(2): p. 374.

23.Ghamri, N., et al., Effect of thermal
treatment on the structural, morphological, and
chemical properties of apatite
bioceramicsmaterials. Digest Journal of

Nanomaterials & Biostructures (DJNB), 2023.
18(2).

24.Kokubo, T. and H. Takadama, How useful
is SBF in predicting in vivo bone bioactivity?
Biomaterials, 2006. 27(15): p. 2907-2915.

25.Castaldi, P., et al., Sorption processes and
XRD analysis of a natural zeolite exchanged
with Pb2+, Cd2+ and Zn2+ cations. Journal of
Hazardous Materials, 2008. 156(1-3): p. 428-
434.

26.Liao, C.-J., et al., Thermal decomposition
and reconstitution of hydroxyapatite in air
atmosphere. Biomaterials, 1999. 20(19): p.
1807-1813.

27.Li, X., et al., Microwave polyol synthesis of
Pt/CNTSs catalysts: effects of pH on particle size
and electrocatalytic activity for methanol
electrooxidization. Carbon, 2005. 43(10): p.
2168-2174.

28.Kim, M.-S., et al., Effect of pH on
electrocatalytic property of supported PtRu
catalysts in proton exchange membrane fuel
cell. Catalysis Today, 2010. 158(3-4): p. 354-
360.

29.Mohebbi, H., T. Ebadzadeh, and F. Hesari,
Synthesis of nano-crystalline (Ni/NiO)-YSZ
by microwave-assisted combustion synthesis
method: the influence of pH of precursor
solution. Journal of Power Sources, 2008.
178(1): p. 64-68.

30.Wang, D., J. Xia, and S. Zhang,
Microstructure of nano precursors of La-Mg
hydrogen storage alloy synthesized by sol-gel
technology at different pH values. Rare Metals,
2012. 31: p. 466-469.

31.Ye, S., et al., pH value manipulated phase
transition, microstructure evolution and tunable
upconversion luminescence in Yb 3+-Er 3+

A=Y+ Y :(D0) 10 Y FeY 95 Blgo aloxe



Jobs 391 (i j g (Sujud (Pled 1 (Il Oldes Glos g ol PH i (o) 2 9 Jglone 3 (315 (9 &1 (liund andS O3 i

codoped LiYF 4/YF 3 nanoparticles. Dalton
Transactions, 2015. 44(35): p. 15583-15590.

32.Yu, L.-G,, et al., Effect of spark plasma
sintering on the microstructure and in vitro
behavior of plasma sprayed HA coatings.
Biomaterials, 2003. 24(16): p. 2695-2705.

33.Witoon, T., T. Permsirivanich, and M.
Chareonpanich, Chitosan-assisted combustion
synthesis of CuO-ZnO nanocomposites: effect
of pH and chitosan concentration. Ceramics
International, 2013. 39(3): p. 3371-3375.

34.Kantha, P., et al., Influence of thermal
treatment temperature on phase formation and
bioactivity of glass-ceramics based on the
Si02-Na20-Ca0-P205 system. Key
Engineering Materials, 2019. 798: p. 229-234.

35.Denry, 1., J. Holloway, and P. Gupta, Effect
of crystallization heat treatment on the
microstructure of niobium-doped fluorapatite
glass-ceramics.  Journal of Biomedical
Materials Research  Part B: Applied
Biomaterials, 2012. 100(5): p. 1198-1205.

36.Shamsudin, Z., et al., Characterisation of
thermo-mechanical properties of MgO-Al 2 O
3-SiO 2 glass ceramic with different heat
treatment temperatures. Journal of materials
science, 2011. 46: p. 5822-5829.

37.Wei, C., et al., Dissolution and solubility of
hydroxylapatite and fluorapatite at 250C at
different pH. Research Journal of Chemistry
and Environment, 2013. 17: p. 11.

A=Y =Y (D) 10 Y F Y . cyegi slgo oo 1



