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Introduction

F1. B-TCPEHAPD XA F IV IR EL TDHFH

D BEME L., |
Y % _ BREWD | BFBRS
ﬁ*ﬂ'% ":-%it E ﬁ*ﬂﬁ ﬁﬁ'ﬁ ihgﬁ Ewiiuﬁ KSp (zsoc) E / MPa 2)
| |
1 1
B-TCP  p-Cay(PO), | O O O O  207x10% |113~196
1 1
| |
HAp  CaunPOsOH) 1 o O O X 6.62 x 10126 ! 140~160
2 I I

- BERIEIBDBEICERAINSEEBERMBIELTHRALALEERETRKGEAIN TS,
ex) % FLIK, BERIK, BR—X b, BEK

'B-TCPIX, HApX YL S L VA RS & A RIRINEZ R LTS,
=HAPIE, (RATIREAERIRSNZE =0, BBEBMELTZRS.
=(3-TCPIL, EARRANEAR, RRICERENEESEOHME(BELRME)ZFED.

1)Wagman DD, Evans WH, Parker VB, Schumm RH, Halow I, Bailey SM, Churney KL, Nuttall RL: NBS tables of chemical thermodynamic properties
selections for inorganic and C, and C, organic substances in Sl units. J phys Chem Ref Data , vol 11, Suppl 2, (1982).
2)WEARFEA, /MAER], ILOER, “B-a v X £33y AMM, =4 HikR, (2016) p.119.
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HIEPERE RS L FRFIR@B-TCP)

B column A column B column

— BB D
— HES SRR FERE
BB GRS )
. 4
— 5 RER ’
Ca(5)
Ry TR
— INERERS — EARIESKEFESS(HIP) ) "
Vacancy
BeESEEK - Crystal System: Rhombohedral (Ca(4)
— /XL R BEEEEESPS) - Space Group : R3c (No. 161) Ca(5)

| ERIS = 11 e - Lattice packing : Z=21 - - - -
g XA YRR - 2 RS - Lattice constants(hexagonal lattice)
— BIHWEIGERE/ 75 v L oGk a=1.04352 nm, ¢ =3.74029 nm, a =4=90°, y=120°
E AL - D RS R CIEER. -Ca(d)BLUCaB) T M FMgONalzEDERAA %

ME S - BRGSO RS L M ROy, L Eee U O-CTIIEORENTRE .
= GEERDEREQHIEAHLL,
- BHIS B = BENEMAESS =052 ’

BAE MR BERERNFI D AR = HM DS FE A EE.

EEGAEICRDMEERD-TCPEFFATRER L SRGIEEEET

3) HEEE, “GROER—IFRNEENSERET—L SESELERETF X", materia, 58, 10, 570-575, (2019).
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Purpose of research

(DELOEEREM 7B RIGEFEIC K 2P-TCPREZE
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Experimental methods

A =@ A K SR
g Table | Ca /P moltt = 1.50 Table 1.

mIVES

ARBRE
|
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IE AL
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Bz TR

5303
|
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Combinations of the raw materials for reaction sintering

IHR/—)LiatEr, 24 h
7ILSFHHR—)L ®50mm & 10.0 mm

Raw materials Compositions [wt%]

O—A2 TN RL—4—, T2 /— LR E @ ©) @ ©)
B-Ca;P,0;  CaCO;  72.0 28.0

2 Wt% PVAJKIB & (8 wt%), fifizK (8 wi%) p-CaP20,  Ca(OH),  77.8 22.2
CaHPO,-2H,0 HAp 25.9 74.1

5B (FAAVHE), BaRiE 200 umELTF B-CaP,0;  HAp 20.5 79.5
(NH,):HPO,  HAp 8.1 91.9

a s (5 wth) LA B& : CaHPO,-2H,0 — DCPD
B-C&2P207 — B'CPP

— & N/E R : 136 MPa, CIPRLT : 200 MPa (10 min)

SRR ZEE : 1~5 °C/min, WERGERE ;1100 °C, fR#F5EFME 1 24 h

XRDAITE, FT-IRBITE, FE-SEMERER, $RUNHESEAIE, ATR UGB ERBIE,
MNSZERIE, [UFALEBIE, BeiEE3A1E, TG-DTABIE, TMABIE
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Experimental methods (Heating program)

1100°C 24 h
7 1°C/min | 1°C/mi
800°C o
1 5°C/min B00°C

600°C
1 5°C/min

200°C
T 5°C/min

} 5°C/min

10 20 30
Time/h

40

50

Fig.l AEBRTRHW-AEITOITIL

- 200°C T D 1R 5[]
—HEERIE LTHRM L =PVAD BALE.

- 600°C T R -]
—SHEBRIELTHRMLUI=OY o0 BRYIE.

+ 800°C—1100°C (11 °C/min)
SIEREEMBREZEHLETELH LT, RE
T HRINEZRNANBHT 516, WEL
RIEENE NS,
—SFHBREREDEERIE=HBEEREZELIL
SR[FAANDH R ERFRILERIZ & > THREL-JHK
SEDHZEDNAEEE LS.

- 1100°C—800°C ({1°C/min)
— MR L2 OIREEZEP K Y L SET
7590 DEEENHT .
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XRD patterns of the obtained sintering bodies

0210

Whitlockite, Ca,(PO,), : (ICDD : 055-0898)

Intensity (a.u.)

A AN S N A

20

26/degree

45 50
Cu-Ka

Calcined B-TCP

B-CPP + CaCOs

B-CPP + Ca(OH),

HAp + DCPD

HAp + B-CPP

M . N, U N S U G \ W.V, G HAP + (NH4)2HPO4
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FT-IR spectra of the obtained sintering bodies

—__,-——"'\
c:é Calcined B-TCP
~
D
O
S B-CPP + CaCOs
S
I= B-CPP + Ca(OH),
-
© HAp + DCPD
|: PO, EHEHRED
SR B () HAp + B-CPP
EHIREN(,)
B 5o TR HE (vs) HApP+(NH4)2HPO4
FEAIRE(,) o o

4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber / cm-t
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FE-SEM images of the obtained sintered bodies( X 5.0k)

Calcined B-TCP | % B-CPP + Ca(OH),




Bulk density, porosity and sintering ratio by Archimedes' method

Sample

Bulk Close Open Total Sintering
Sintering / density porosity porosity porosity ratio
Mixing Raw materials D,/ g-cm? P,/ % P,/ % P,/ % | %
methods
Solid-state / Dry Calcined B-TCP 2.32 0.6 23.6 24.3 75.7
RS / Wet B-CPP + CaCO, 1.91 0.3 37.6 37.9 62.1
RS / Wet B-CPP + Ca(OH), 1.95 0.6 35.7 36.4 63.6
Ir _______ : M
RS / Wet HAp+DCPD I 302 ! 1.4 0.1 15 i 985 !
: : ; |
I I I
RS / Wet HAp+B-CPP | 303 | 1.1 0.2 1.3 | 987 |
| |
I [ I I
| 1 1 |
RS / Wet HAp+(NH,),HPO, i 3.02 | 1.2 0.4 1.6 i 98.4 j

% D, (B-TCP) : 3.07 g/cm?3

13
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Translucency of sample

site sintered bodies comprising silicon dioxide (SiO2) na
hate (B—T(’P\ were pmnamr] The adAditiom of ngno-siz
Calcined B-TCP B-CPP+CaCO, B-CPP+Ca(OH),

ell-dis Speiscu act.undary Pliase Nnanuparucies wnat prom
owth a Yeasing ’ hrinkagr ¢ sintered b
he B-T 20 °C substi silicon for
.not occur. This lack of aTeaction is to the ak
te for the increase in charge associated with this substi
> be pr ther ions boundaries
dy con g 4.0 wt9 exhib ding stre:

hence Hap+perp fentia papp-crp d @8 HAp+(NH,),HPO, 3 matesr

mmphosphate:

14



Linear shrinkage and volume shrinkage

Sample Linear shrinkage / % Volume shrinkage / %
IS Rawmaras | PO Sneng | Cppen S
Solid-state / Dry Calcined B-TCP 1.9 (0.1) i’---ll.-l-(?).-9-)---i 6.0 (0.2) i'---1:1?7-(-0-.5-)-“\i

|

RS / Wet B-CPP + CaCO, 3.2 (0.1) i 3.0 (0.6) E 11.1 (0.3) E 7.8 (0.3) E
|

RS / Wet B-CPP + Ca(OH), 2.2 (0.1) i 9.1 (0.6) E 2.4 (0.1) E 6.1 (0.4) E
|

RS / Wet DCPD + HAp 2.2 (0.1) i 16.9 (0.0) i 8.2 (0.5) i 39.5 (0.5) i
|

RS / Wet B-CPP + HAp 2.2 (0.1) i 15.2 (0.6) E 7.9 (0.4) E 35.4 (0.6) E
|

RS / Wet (NH,),HPO, + HAp 2.8 (0.1) i 15.7 (0.1) i 10.8 (0.4) i 351(03) i

() BERE

15
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Thermal changes with different heating temperatures[HAp +DCPD]

2 :
J S —~
Cayy(PO,)s(OH), - TDL
O CaHPO, o -3 800°C |
N a a-TCP %‘
~400°C p B-TCP = 8 DCPD + HAp
HAp, DCPA - ——— PB-CPP + HAp
©
o -13
c (NH,);HPO, + HAp
3_ -18 S L S F —_
3 0 200 400 600 800 1000 1200
> Temperature / °C
@ ;. TG-DTA 5
D 1202200 ¢ 300~500 800°C~
= 4 ° o m——_——-
- 5 I 1 . { 5
— Py I 5
s 97 1! I ' %
= 27 I : I 15 3
ED 4T | I | Calo(PO4)6(OH)2 + o5 E
% -6 - | CayP,07 ) §
900°C~ [-TCP 8 | T . — — 4 Cag(POy); + H,01 : 35 T
5 B 10 FcaHPO,-2H,0 Searteo :\ 45
-12 | —CaHPO aHPO,4 S ———-
o PAL 14 +7HqOT4 o —CuP0+H0T | : 55
20 25 30 35 40 0 200 400 600 800 1000 1200
20/degree Cu-Ka Temperature / °C
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Microstructural changes in sintered bodies|[HAp+DCPD]

! ¢

F

700°C | BRIKFIF & RIRALF D EEMNEH 5 1=,
REHEDHAP ECPPDEEMRTH S.

800°C | TCPO AR ABRME L, M FREEICELAERI 5.

900°C | B-TCPOAERMNET L, RAICHFRIEMNEELT
PFRERMNIE < T o TL L.

1000°C| HipE E STLOHHIZ & Y, SBE@EZE) A EITT S
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Three-point bending strength and Young’s modulus

160 80
Bending strength

140 70 48]
) = Young's modulus all
o 1 0
S 120 60 —

v}
~~
=
£ 100 1 0 =
=2 3
c | S
5 © B
V) .\m
O 60 127. 30 o0
—_— 100. =
2 40 (877 . NG
2 >
542 — S=_0 —
20 38.9 10 ()= B ITFERAIZ
# 4+
0 . T L1=KBEkER
Calcined CaCOs Ca(OH). DCPD  B-CPP 3.00 x 4.00 x 40.00 mm

B-TCP pB-CPP B-CPP  HAp HAp

() MR D BEFEA
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The electrical polarization of TCP ceramics

EHLI-SEEP-TCPRERICERTBULEZFHE EoT-,

BB _0.80
r ~\ “€0.70 B-TCPOERER=:1.0 mC/em?
-1 | ’ Negative %O.GO
Electrodes| . | 2 .-~
P Polarized §0,5o B
Samples Samples £0.40 400°C,
+++++P+C;-S+"4:-I-{/+e +++++ GC)O 30 50C/min
\ y Soag | IERIRHE
Eollo 1kV/cm
Positive — P- surface 50'00
Negative — N- surface 0 200 400 600 300
ANEAD H— 0- surface Temperature (" C)

BRI EE=HILS I LD TSDCHE R

HAPIZ10uC/cm? THAHEEHONTULVAD, ZDI00EDEEERN =S
LTz, (Caqf A DIz ED)

Nozaki Kosuke, Nagai Akiko, Endo Takayuki, Hashimoto, Yamashita Kimihiro, Electric polarization and ionic conduction properties of B-tricalcium phosohate ceramics with controlled
vacancy by sodium ion substitution, Ceramics International 48, 15792-15799 (2022)

19
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SBF(Simulated Body Fluid)

£F LUK % (SBF : Simulated Body Fluid)

Composition of 1.5 SBF
HE AR /g HEME/ %

SAERRNIZELU LI ZES0RR @ NaCl 8.035 99.5
— ®@ NaHCO, 0.355 99.5
D 15SBF: BN ELMEICRELIZLD 3 Kl 0225 0 5
@ K,HPO,*H,0 0.231 99.0
(&R RN TI7°CIZIED ® MeCl* 6H;0 0.308 99.0
2515k 700mL ® 1M-HCl 39mlL i
D~® @ CaCl, 0.292 95.0
‘ NaSO; 0.072 99.0
BEHES JILEJK;ﬁﬁ#é'l’_fé) © (CH,OH),CNH, 6.118 99.0
£ 8 900mL —
= BERGIR
PH7.42~pH7.45
N\
LTS S| s00°C. 1kviem. 1h Ty
pHER & H7 40 SBF
£ 5 1000mL PR — —+ .,
- BE | 1v¥aR—s—37°C kel
‘ 1.5 SBFA 7 d
=T SEMEIE 4 B Z?‘l//izﬁ-ﬁﬁ

20
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SED 150kv WD 137
STD 1313 2024 11 04

B-TCP(NMH)

SED 150KV WD 13.7 mm

STD 1316 2024 11 04

Std.-PC

Std jPC

HighVac [81x1,000

HighVac. [@1x1,000

SED 15.0kV WD 13.7 mm
STD 1315

HAp(,.“LEE)

SED 15.0kV. WD 13.3 mm

STD 1322 2024 11 04
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Growth rate of bone-like apatite phase

7d

B-TCP(P)

3.3%x1.39

5.1+0.62

7.2%£04]9.1%£1.9

0 HAp (&)

3.3x1.17

6.2+0.88

10.0x1.2{14.2+2.1

(BRI IEum)

B -TCP(PEDEHAp(EIB)D ERRT INFACRBDESICOVNTEREILIZESA, THRET
D LLERTIE B -TCP(PE)TIL9.1 ym, HAp(FEMIE)TIL14.2 ym THY, S-TCP(PE)T
[ZHAp(FEALIB)D2/3FEEDEH THo1-.
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TEL 047-478-0859
e-mail kenkyushien-stf@it-chiba.ac.jp
URL  https://www.it-chiba.ac.jp/
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