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Abstract  Calcium phosphate powders were successfully synthesized by using re-cycled eggshell and phos-
phoric acid. The crystallization behavior and powder morphologies of the synthesized powders were dependent on
the starting condition of the eggshell, the mixing ratio and method of the eggshell and phosphoric acid, and cal-
cination temperature. In general, B-tricalcium phosphate was stably synthesized at about 900°C for 1h at each
proper mixing ratio. And, the synthesized powders showed the similar microstructures to the morphology of orig-
inal eggshell with uniform particle sizes. In this study, the calcium phosphate powders were synthesized with egg-

shell in various processing method. And their unique microstructures obtained from the eggshell were also |

observed. The crystalline developments and microstructures of the synthesized powders were examined by X-ray

diffractometer and scanning electron microscopy.
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CaO 53} 72 A2Apo] VEeA] UAEF = Zlo]
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AR calcium phosphatey=, d¥ Wi} A§-
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A 55 ANk k= FAAE 7L Q. o]
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2. AEEHY

2.1. 22 By

@Al 2t o EhE S A et
of Thew} e P Wel olsld Be YA
et

) Axd A S &R slaslodot. 800°C
oAl slagt @zl <Ab (HPO,, reagent
grade, Duksan Pure Chemical Co., Ltd. Ansan,
Koreays #7151, o|d B-TCPe} HApell =gt
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calcium®} phosphate?] & WS AARld SdzA=)
QJARS] WA Ql ERIE 1:1.1~1:1.79) AR
A3 F o] 5L 3K olnf SulE olhzEy
PFLS AR LH, 1242 F)F A2 o} &
S ol43le] B 13 vl & Aol gt ¢
A3} QAke] REAel wkg-S |8 WA o
ATz 4FEH ki dazAs A B
Foll QAkS Arlslsich. E3ts £8l=ls 90~100°C
AtelollA] 24417 54t $bd A=A L, xR B
2 7] BY7stelM 4°C/ming] S o527 &
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FrA A H
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adize] Azy SaAs s AHsl 24
g ¥, oAk Egsl AYS AAsisie £
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Falsioh. 9 Ax 9 gxE] 24 52 )
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A 42 Axd SgAs 198 E33A el F
=5 228 ikl of ¥z B2 F e &
Hol| #ojo2 FL QAkS wlE R w7 F
24717t F)Y AZRAFE, 2R R BRE
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FEE 100% Q1A 70% EAE QAL 50% 3AE
QAL 2T 30% M QAR AMEsIsIc 34
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2.2. SHEY

7t dAe] 2xo up AAA BAE 3l X-
ray diffractometer (Rigaku D/MAX 2200, Japan)
£ AHE3ted CuK, B4 XA 3AAE o] &3y
40kV, 30mA®] Z73lM BAME AABIE. dha
o Ay A delsid 4 Az 9
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(spectroflame EOF, spectro analysis Inc., USA)E
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£ CaCO8| ¥z} FAH] 0w, o|ejgt AR
600°C7HA] WA eH, 700°ColME Ca0 ¥ =7}
7] Aalel R, 1 o] EEME CaO ¥
Fgte] A=t FEA ] dubHel A 3N
(CaCO,)e] Felle=rr} vl b2 2ol Eal7}
o] FoIHSE & = ATt old HARL ExiAnt
o] Zt= AFFZE] FolAdN o= A A7
o, o]gg FAFTLE P> =AM calcium
phosphate Aol =14 8314 2+ ZlolH. 3}
2 A 2aggde] It skiel] oJ3k CaCoSl +
3 A} Fo] A vHTE2F Fig. 1ol et
Weleh sk A Erbgiale] vl qkge] ulM+
Z= M2 gE optRE Bgon, Fe] 73S
D7) ok kg o] AfEeke] F7A7) B
A3 gleh. 600°CoAlM Bk | @R A, o}
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Zleo) vpgEe] wlMlgEe} vsst EqrEE vMlT
ZE Hglon, Ha F 800°ColHE v gzl
Z7)7) ddI HEAAE Hole v TFEE Ve
Wit olejgt ulAlFRE AL Ko upgE

Table 1. Phase change of raw eggshell on calcination
process.

Room temp.  600°C
CaCo, CaCoO,

() : minor phase

700°C 800°C  1000°C
CaO+(CaCO;) CaO Ca0

M L s Byon, sast APP4FH
CaCo, 9] ezkgale] nlA T2l Hlsled HPA}
o] YR} FAE =gl ew, o B FAF wF
= QlAk}e] E3tell 23} calcium phosphate®] &t
Aol SlelA, o] FRAe) oI5t YHEAE oS
¥d 4 glogle B, gAY Fake] FAT YR}
Z7)ol % S ujA Aoz Az,

3.2. SR WE dHs HS

iAol ofa sk | A <Al
Egepl o2 APzt AEE Table 201 YEPiC-
Qlike] Arlege] AdHoR M2 1:1.19] E3He
Ae ojgke] CaOr) E5EE A= HAp?F ¥4
Hck B-TCP A 1:13 2 1:1.59 Egw]elA

BEFE PRI 5 UM, 58] 1159 &3l

AME 800°CoM CaO7} EAI3HA] o= A 53t
B-TCP7} A=, L o] Aol el A M B-
TCP ¥ =E529] kAl POl E418t 3RhEolel Alg
= A9 Aol FAFH

A wel o3t skaehA] k2 A B
2 Alzg Abd3 A%5S Table 30 vehiSich
1:0.63%] EgHjelME A 2=l BH Cao7t
B-TCPgt FE3slylom, HAp: 3= ¢kgbr)
1:0.728] Fghu)ellA= 800°CollA] Aeke] ulAlzlAto)
FAET, 900°ColM o] Foll= s B-TCP7H &
AAE9en, o] slhE S AS AMAE
Bl Qo] <k& A 7S 9 B-TCP7) &
AEE g Bo|1 QiHt. o|AE Dzl )
el7} CaCO, efollM 4= A=A el CaO F¢] 7
Aol oJ3F Zlole} AztElc) ubaie) mjeke) ikt
o 2aiM= A 2x=9lelA mleksE B-TCP A4 &
2 v|A]e] AA w)=7} #EAEIG

AR wbel] ojst FAdubellMe] AP A%
ZAIE Table 40 FeRNT) o] 9= Lol 9

Table 2. Observed phases in first method at each wt% mixing ratio and heating temperature.

wit% mixing ratio*

1111 HAp+CaO
1:1.3 B-TCP+(amorphous)
1:1.5 B-TCP

1:1.7 B-TCP+unknown

Observed phases at 800°C ~ Observed phases at 900°C  Observed phases at 1000°C

HAp+(CaO) HAp+(CaO)
B-TCP B-TCP
B-TCP B-TCP

B-TCP+unknown B-TCP-+unknown

*eggshell : phosphoric acid, ( ) : minor phase
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Fig. 1. SEM micrographs of a) out side surface of dried eggshell, b) inside surface of dried eggshell, ¢) calcined eggshell at

600°C for 1h and d) calcined eggshell at 800°C for 1h.

g Eghe 3 ) T Al mlsle ol Aol
el A Bort 53] T g A
o) AN B-TCPY Ca(OH),7} FA= iz o
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Table 3. Observed phases in second method at each wt% mixing ratio and heating temperature.

wt% mixing ratio* Observed phasesat 800°C

Observed phases at 900°C  Observed phases at 1000°C

1:0.63 B-TCP+CaO B-TCP+CaO B-TCP+(Ca0)
1:0.72 B-TCP+(amorphous) B-TCP B-TCP
1:0.83 unknown B-TCP-+unknown B-TCP+unknown
1:0.93 (B-TCP)+unknown B-TCP-+unknown B-TCP+unknown

*eggshell : phosphoric acid, () : minor phase

Table 4. Observed phases in third method at each dipping condition and heating temperature.

Concentration of

phosphoric acid (%) Observed phases at 800°C

Observed phases at 900°C

Observed phases at 1000°C

100 B-TCP+Ca(OH),+unknown B-TCP+Ca(OH),+unknown B-TCP+Ca(OH),+unknown
70 B-TCP+Ca(OH),+Ca0 B-TCP+Ca(OH),+(HAp)+(CaO) B-TCP+Ca(OH),+(HAp)
50 B-TCP+Ca(OH),+Ca0 B-TCP+Ca(OH),+(HAp)+(CaO) B-TCP+Ca(OH),+(HAp)
30 B-TCP+Ca(OH),+CaO B-TCP+Ca(OH),+HAp+CaO B-TCP+Ca(OH),+HAp

() : minor phase
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ball milling mixing.
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ZHect, Asel FAA el ojst U 3L
AR Eghe] Aol FAHEE fgte] ojare
g o32-S AMgslsl o, Ca(OH) = SAEHA o
ot} wekd o)Az <k3.8-2] (OHY|9} CaO®
uh-go] ghits] APHUtnE E 5 glon,
Ca(OH),2] WA HApS 23} 7o) UH3A
kol HbAiE) HAto|a} Arkele), o7 AR %
2 S AS AR Sl FE Jehde #itel
gt A=Y, Az FHA e AfelAs
1:0.639] &ghmolA HAp7F AAEA] ¥ CaO7}
= LR Mol o]F &% 4 3o F CaCo,
o] #ajjuhg-o] HApel Aol & °J3ks nA §l
&2 & 4 ot HFHoE E 9, Ca(OH)S]
AL sl 2 dabAs AMgska, glAkE
o] Egte] AR ol vieRd BHE FAdell 2
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Fig. 2. SEM micrographs of synthesized B-TCP powders prepared by using

a) calcined eggshell and b) raw eggshell with

3.3 Egfatyo) e olMTxE HWet

Fig. 2(apls 305 wbdel o3t 3kk 51 227
A2 FAE Fdo] vATERE B F3 U
900°C, 1:1.5 ZAdolA A B B-TCP %2 =4
T2 ARlezA, o 2um YRS Helm HAL
A A YSEEFEZ Ho|T g}, o} uiHTE
= 249 W3} gl ALl wet v]idt AelE
Bojont, auA] 2 Al Ho|A:= . Fig.
by F A e ksl ok BARASE AL
43 A2 900°C, 1:0.72 ZAA A = B-
TCP 2] A7z ARl HeiFal ot 3k
o g A3 49 (Fig. 2a)el ¥Iste] dake
7|7} 3, B8 JulE Bolx Qlt. o] AL
slaslA] o2 2] A4, £ Uil 3 &
FFA A, 2 Bt DA Ak, =3 FA
o o5t AAz AN CaCO2l E3I7}F FAlel
doju}y| wiel ehde datele A=, A
A whdel] ofslod Az ® FJAEL] wMFE AL
22 Fig. 30l Yeplglch B-TCP7L 5 AHS Heole
1000°CellA] Gxjg] 3 L] Qlibsee)] whE
AR W3S RS it AAR sk '
2R ulHF2e) vs=3t FUHe)E Belal 9}
om Hlwy Fdg Yx=/|E Holx gt oA
2 g A "y el kAR gt viehd
= gabolet A=, o] wiol vhaAde] @aziA
A 8] P TFES o)43ted AT RMTFEE
o 23 wpgelet AzkEel. o|egt uhgell 2jst
o] 1000°CollA Dxe] B @z Ae 1 A8 5k
S fRsh QA FAMRE ARE 2o olelst
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Fig. 3. SEM micrographs of synthesized calcium phosphate powders heated at 1000°C for 1h, prepared by dipping method
in phosphoric acid of (a) 100%, (b) 70%, (c) 50% and (d) 30% concentration.

Fig. 4. SEM micrographs of calcium phosphate surfaces heated at 1200"C for 1h, prepared by dipping method in phos-
phoric acid of (a) 100%, (b) 70%, (c) 50% and (d) 30% concentration.
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Fig. 5. SEM micrograph of densified calcium phesphate,
prepared by calcined eggshell, sintered at 1200°C for 2h
with uniaxial pressed powder compact,

Alge] X3 F vlhlFR WIS dolir] ¢35
1000°Cel M A2 @ AJHE a2 1200°C7H
g slo] 1 uATFEE FFSA. Fig. 4ol L
o] 722 vehligde}h. 1200°C A2 o] Foll= Q)
Ab] o] wE 7] o rF2E Jebie
. 100% Akl M7l & A4 g4 EAje o
o] SHA R s XUt wFES BT &
o, B s ¥ 73] EAEE £ 4 ok
SR 27 dell® E7Ela AR o1 =9
7= Vehlgleh. Aol SAle Akl Al 2
Blod vieh = dAtelel Azt 70% Ak 739
= XAl vlA ol delyn, ¥ EX®
FdEA Wkt 50% Qb A= vl g3t
NS Moy, 7132 R JdAS AE B
olr MZ AR dAH U= AL & F U
Aot 30% <lAke] A wlwd 93 AAGE
Holny, 7]Fo] H¥i= Bdsjr] Y=ol glsich
ol nMTEE 533 F XE3} A7l calcium
phosphate wMl 22} vlws] & 4= 9190, Fig 5
o= A% Sz A B-TCP BEE o4
slo] dE7IE AY s F 12000C00A 2417 B}t
ALz} A7l AL uHTERE Bl glehY. 7}
F A¥ F A vTEE v XEE 728
Hola 3l&-S o 4 vk ol ®isle] Fig. 49
i F2E 4SS AHA dol AU niHF
ZZ Hold A= &2, olAke] ekl ulet oF
7MY Aolg vMFERE HelT o] XFo| calcium
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3.4. 20 M Ca/P ratio

sAsr Sl o8k o) A% 11, 1113
2 1:1.59 FA E3lelA A7) CaP ratio: 3}
FRA A 194, 1.60 2 1412 A B-
TCP ZAARARE Hol= 1:13 2 1:159] 7%, B-
TCP2] 23} k23 Ca/P ratiod! 1.5 HIsh= &
AAHE vehigeh. HApF $48 1119 A9
HApel 38t oF24 CaP ratiod 1.668ct ¥ 3k
& Hejom, o] Qlale mlke} CaO7} HEHTH
o] o] A Etapl deled ¥ FA F CaP
ratio’} B8 Wale AL A F AR
A dold lake] Fb Y sk Fof] WAEs BT
off 3t Aoz AlgEm, o] k2 JAR2- x| o
£ 2E Aol e Y G Hlolet A
Zgek. 7 A AgubdelrE 1:063, 1:0.72 ¢
1:0.832] E3M)o)A Ca/P ratio} 27t 1.63, 1.40
gl 13102 FEET. Al iR A <l
Are] %ol olgl Ca/P ratio’h 1369014 1.8871A]
W= ARE vepisict. 53] sk ok 2k
AL A3 F iAol Al A AdeMe 9
g A} CaCOZHE CO2| Fall7} doldez AF
o] FA 3= CaP ratiold Lz} F

Aoz Az

o] ZZ AzelA £ o, v]F AFIA A A
sh= W4Eo) sl Ca/P ratio’} EFEsHA Ws)
ARE & ol 4134 sle A nAgE EF
o] Ao oste] X #E fEAH<l calcium
phosphate®] #4d¢] 7Fed ALz A=t

4.2 E

2z de] AARgel 2sted calcium phosphate
TEE s Al Sl Akt
E3hiPel ot 7] o s 1SS 2ol
2% " Fde] vTFEelE AolE vhehligd
o AR L2 o 900°CelM 147 Fot A=l
224 B-TCP ¥%E 48 & dgor, gJaty oF
of ute} HAp= §Mdsoizi=t. 4 € 29 sl
= @A ul oA ZA slejux] ob vl
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