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Abstract B-Tricalcium phosphate (B-TCP, Cay(PO,),) is a kind of biodegradable calcium phosphate ceramics with chemical
and mineral compositions similar to those of bone. It is a potential candidate for bone repair surgery. To improve the
bioactivity and osteoinductivity of B-TCP, various ions doped calcium phosphate have been studied. Among them, Iron is a
trace element and its deficiency in the human body causes various problems. In this study, we investigated the effect of Fe
ions on the structural variation, degradation behavior of B-TCP. Fe-doped B-TCP powders were synthesized by the co-
precipitation method, and the heat treatment temperature was set at 925 and 1100°C. The structural analysis was carried out
by Rietveld refinement using the X-ray diffraction results. Fe ions existed in a different state (Fe’ or Fe’*) with different
heat treatment temperatures, and the substitution sites (Ca-(4) and Ca-(5)) also changed with temperature. The degradation
rate was fastest at Fe-doped B-TCP with heated at 1100°C. The cell viability behavior was also enhanced with the substitution
of Fe ions. Therefore, the substitution of Fe ion has accelerated the degradation of B-TCP and improved the biocompatibility.
It could be more utilized in biomedical devices.
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Fig. 2. FT-IR spectra of TCP and FeTCP.
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Fig. 1. XRD results of TCP and FeTCP; a) TCP samples and b) Fe-TCP samples with different heating temperatures (Bragg position,
©:ICSD # 97500).
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Table 1

Reliability factors of TCP and FeTCP
Sample Rp Rwp  Rexp  chi2 Rbragg
750TCP 6.62 938 7.73 1.47 1.89
925TCP 6.07 844 6.12 1.9 1.92
1100TCP 7.25 112 6.55 2.95 3.95

750FeTCP 7.64 10.3 7.6 1.82 2.12
925FeTCP 59 8.34 6.02 1.92 1.8
1100FeTCP 6.92 10.1 5.99 284  2.66

Aolx Zhasigith. mEkA HAAR Az Fae BE
AlHolA GAE] 257t F7FE 7SN o/a 7
< FeTCPlM = F7keltt fashe S Helth &
g TCP AHETE FeTCP AHolA a, b 5 Hole} AR}
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Fig. 3. Variation of lattice constants and unit cell volume results TCP and FeTCP; a) lattice parameter b) lattice volume, and c) c/a value.
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Fig. 4. Changes of (a) mass loss and (b) lattice volume for TCP and FeTCP after accelerated degradation tests.

o] FA ZAgo] © =, FeTCP 7%
7b mORWHA FA AEE SV SRR At
Hoje] BislE HW TCP AlAe] ®ish7} o 337, 1100-
FeTCPolM = 23]8] 7HAsisiet. #s8l de] Azl 4
ZH(Fig. 3)7+ WlsiR®, 1100-FeTCPE A 23k 2E
Al S 7F DAYEHA 8, b 5] Lol S7kslaL
¢ 59| ol 7HAdit)

B-TCPY] X3+ AHE]E Ca(4), Ca(5) A217F 2L[21,22],
28he]= Fol2e] FRel wEt X3 WAYFe] tEA
Uehdt), weba Eajloll Wl Fe, Ca2l WAl +x W3}
Hlwsk7] 918l Ca(4), Ca(5) AF2]€] site occupancy
F2 51 THTable 2, Table 3). ¥al & o]& X$3}
2] 220 wE occupancy @S HH, F o]9]
|$H=AA Ca4) #F]e] A occupancy”t At
o]= Fe'' o]2o] Ca™'oll X8=]HA vacancyS 43T
= Ad AT Aol X 21]. SFAIRE 925-FeTCP
9} 1100-FeTCPE W3t A 2=7F S71tdE &
sl Ca(4) A9l occupancy #el F7tst=d], ol=
Ca,Fe(PO,), 214 1100°C F-2oll 2@As= Fe''e] Aksiuk
SO H5AS wi[19,20] Fe’'7t FA=] Ca(4) site
of x%ke Aoz AlmETh Fal A Fo] AFE vl

A 2=
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Table 2
Variation of lattice parameter after accelerated degradation test for
TCP and FeTCP

Sample a,b ¢

o2sTCP ©000018) (00069
o o ey
e R o
1100FeTCP (18 o 5) 307 o005 ;))

SHMEA, #8l|7F FYEHA Fe ©]29] site occupancy
7} 7hagitt, o] & B3l <8l Al & o]Ro] ZF o] 2K}
HA 27t He ew MY o Aok B3 1100-
FeTCP2] 7% Ca4)} P(1)e] Zol7t Z7lslk=d, o1&
B3l dA Ax Fyjoes & Wt gIARE Caoll X3
H Fe o]o] Eall=o] UraA ¢ 59| Zol7} #olA|
3, P(DHe] AZE Sk 2o Algdr) i 4
2} Fx2= w8l Al Wk distortion, expansion s
o] HiEHET= 7]& AT Aol WEH[25] Fe ©]2°]
€= HUAN Azt FFEATL 87 dojvk WA

Table 3
Site occupancy of TCP and FeTCP substitution site
Sample Ca(4) Occ. Ca(5) Occ. Fe Occ. at Ca(4) Fe Occ. at Ca(5) D(Ca4-P1)
925-TCP 0.43 1 - - 3.0(11)
. 925-FeTCP 0.36 0.81 - 0.16 3.1(8)
Before degradation 45 rop 0.43 1 ; ] 3.0(11)
1100-FeTCP  0.31(3) 0.90(3) 0.08(3) 0.103) 3.0(16)
925-TCP 0.43 1 - - 3.0(11)
. 925-FeTCP 0.34 0.90 - 0.10 3.1(10)
After degradation 1100-TCP 0.43 1 ; ) 3.0(11)
1100-FeTCP 0.34 0.96 0.05 0.04 3.4(11)




Fe-doped beta-tricalcium phosphate; crystal structure and biodegradable behavior with various heating temperature 249

160
[pay2
I Day3
)
S 120 |
N
2
3
— 80 }
>
o
>
2
8
o 40
(14
925-TCP 925-FeTCP 1100-TCP 1100-FeTCP
Samples

Fig. 5. Histogram of cytotoxicity of hDPSC for TCP and FeTCP.
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