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Effect of Substrate and Flow Rate on
Hydroxyapatite Growth

DAI Guoliang LAN Ding CHEN Jialu

(Key Laboratory of Microgravity, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190)

Abstract Hydroxyapatite (HAP) has excellent biocompatibility and bioactivity. Synthetic HAP
can be widely used as medical and eco-friendly materials. In order to know valuable information
of study and development of bone tissue engineering, the influecnce on HAP crystals growth by the
changed of fluid field and the chosen of substrates are studied. The composites materials are used
as substrates, which are made of Polydimethylsiloxane (PDMS)/HAP, PDMS /bioglass, and pure
bioglass, respectively, and the effect of different substrates on HAP growth are analyzed. The results
show that HAP crystals growth rates are different on different substrates when the flow rate is zero.
HAP crystals growth rate is highest on PDMS/HAP substrate. However, it is lowest on pure bioglass
substrate. Moreover, the influence of different flow rates of HAP growth solution (Simulated Body
Fluid, SBF) by a homemade flow rate adjustment apparatus is studied. Three different flow rates,
10 ml/min, 15 ml/min, and 30 ml/min, are used in this study. Under SBF flow conditions, the sizes
of HAP crystals increased and the amount of amorphous precipitate decreased.

Key words Hydroxyapatite, Simulated body fluid, Flow rate, Substrate
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MR E SR, NBNEERSEE
FBEIKA (Hydroxyapatite, HAP). TEAMKH, H#T
L REREMRSEARRED RS TFHSE5MEE
Toem#y 2. HAP H84rFRE & T = b2
—FiEA BIFAEYRAER E TR R B0 A
PR B L R B BRI AL B B = e R 4 1),
X T AL BTN AL, 4
LR NRN B Sh &K LT, X e = Y
VAEBHERKMETHESEEEREM B &k
ZREZER ENED, BRPASRA RN
FWERKMATREEEEA, HERZRI=E0
B 150 T HAP # & TE 5 A s g 0131,

HAP A:KEWEMEMAR (Simulated Body
Fluid, SBF) WAL HAP ghifk4E K EmpHts
ARBHRA. Duan % M LA HRSHE (HAP/
TCP B H A 70/30) fE4 HAP A K EAR TR,
GEREHTRE RN HAP AT S & F a0 A,
AT BN HAP 4 1Kot #2. Deng % 19 {8 B L
MR EEK HAP, 45 %% SBF W#EE S
BRAFENGESU/NMNIRYEEERR. CHBF
W SBF MEAML S & KK HAP Skl
YA ERRR. (HIXERFRR AR ERY A ST
#E} SBF BB S A NE Tk EFMFEIEL
PR R, TEYARBREMBHEANRG, R s
SHBTUIE A B TR RE. B, FE#—
HHRIEZ A AEYHBEM BRI 4K HAP B, 3
=BT YIFE A X HAP A KB

X ERH ZFOTACIR HAP A K EARITE SBF
BIYIRL BN HAP £ K SEMFE M. =FHERS
F R EBRE . IR HAP 4DRBUR R ZFEEE
%t PDMS (PDMS/HAP) DL J PDMS 54413 5 H)
EE B (PDMS/Bio). HFEH BAEHAR L 4
K HAP G{REFFF, RIGH#H—2 4 SBF RER
B ARKE T U B B A R K HAP BRR
U8 P A= R

i

1 5£ig

1.1 3
B SBF FraidiflinF. Z# (CH;COOH),
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HE LS (NaOH), #ALH (NaCl), BRRREH (Na-
HCO3)., fAH (KCl), =KBERRE 8 (KoHPO4-
3H;0), 737K A EE (MgClz-6Hz0), 5ALES (CaCly).
BREREN (NaoSO4), =B HEF AR (Tris) & pH
s, AN A, TREANKAEE
FIK.

EARPOEHNT: EWBE (BT 4585, LR
BHCHERAF ™) PDMS (EURER AR L™ RE
FRAHE=); 91Kk HAP (RIUE TRZEYEEME
HIEPFRFO, At 50~100nm).

1.2 {EE5EH

HESEAMBTEHE (SEM) AHZE HI-
TACHI /A F] S-4300 Bl X- 5T KATE{Y (XRD)
HATEE Bruker-AXS 2AH] D8 Advance #l. SBF %%
PN & R 5 RS, W 1R
1.3 ZLRHAE
1.3.1 EHflE

PDMS/HAP ARy T. L —EREH
FREF PDMS 1 HAP, HAP f9& 85 30% (BE&
B ). R R R R B B R A 1
5, RIEERBRLREUFY PDMS/HAP B &4t
Bl F A AT BT UAHIE PDMS/ A3 E S48
B RSBV RIER I HAP RIS,
HAP /Bio B #| %7k 5 PDMS/HAP ZAR i & 77
HAE, P EmEEe S’y 30% (ERE ).
1.3.2 HAP &k

(1) #EZGT

HAP BYAEKTE SBF 7. MRAESCH [16]) &
B ECH SBF. H4RE HAP M4+, L+
#l7 1.5 R ER SBF . HECH G SBF H
B 37+0.5°C. F] Tris A1 1.0M-HCI &7 RE#I{R R
% pH {H7E 7.4040.05 Iy, BE 1em? AHMAERKE
BIBAF A OBFE SBF A A KR [E] KBS f B AR B
H, AEEFKERNE, BRTRERE S TR
pUE -3

(2) WAFHT

W& T HAP WAEKIEH | SBF W3
RETTH NANMBEEFEQFESHERINE.
WEhREG e, [HIRKBE, EREIMHERE. R
F, HAMRE R0 3 mE 1(a) (b) Fis.

HAP AR ERICEFEHFRNERLS
2%, SCY IR 1(c). #EM A 30.0mm, $& 24 10 mm,
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Fig.1 Schematic diagram (a) and photo (b) of SBF flow apparatus, (¢) HAP growth cell

=4 5.0mm, FL2F 2.0 mm.

MAFHT HAP £ K TR AR EREEY
DEE, B NS NE R B S, LR R
4514 10, 15, 30mL-min~!. 4rH|EB HAP 4
K 1, 3, 5 RERIAEHBEHITINE.

1.3.3 {IHEER (SEM) BRI 7

AEae (SEM) MEARFRZGTAERKY
# HAP A K 5:. SEM & K iid Image J Fil Nano-
Measurer 2K {4 40EE, AT DAKE Y HAP Sh4RH R,
WEAREHFLEREFER. REWERILA R
B, TUREFHRERT BHTENLRERK,
Br AR (X 58 5 2 40 B B FLEAT4E 0 DA
RE. W EHBHETHTHE, FRAR LR &
Xt HAP A KB 5Em.

2 SRS

2.1 XRD 4MF
& 2 RAEFFEMR (PDMS/HAP #l PDMS/
Bio) L#1b4EK A HAP B 5 XRD i%K& 5 HAP

FrdE XRD S E WX . AN 2 ATRAEH, FERME
R EAKY HAP EEATSTE 33.1° (300) @, 32.3°
(211) T, 26.2° (002) T, 47.2° (222) %5 HAP #7
HEEE (JCPDS #9-432) EA—3, R EZHAL MY
TR Sk, 1X 3R A A LI A S AR EAE K Y
J& HAP Gk
2.2 BUERGTAERS L HAP B4R
BETRAN, FAAFTEERLEAGTE
K HAP B, 5 KJ5 HAP @R EEAEIEERK. 1 K. 3
K 5 RIF=FEER LAEKEA HAP BHEME 3
iR BE 3 FLLES, B EERT HAP BE
A& E, HEAZHRERN HAP SikME. £
A~ HAP BRIE R b ik B A4 F B AR A E AR
A 1 KJ5, PDMS/HAP #4R Ly HAP S£KHEE
B SR T A Y BB AR LAY, HAP 7E PDMS/Bio
1 PDMS/HAP Wi ZAR L — R ERKBES 7
REAAYBEER LAEK 3 XM 5 RWBRE. £
¥ 3 K. 5 XJ§ PDMS/HAP ¥4t 4K HAP
. PDMS/Bio ¥4z iy HAP B WHDH. Hik—5
BT, Al Image J {4402 HAP AR E=RK
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B2 PifhEAR LAEKE HAP &k XRD K5 HAP 7% XRD ERIMXTH
Fig.2 XRD spectra of HAP grown on two different substrates and HAP standard XRD spectra

HAP grown on bioglass for 1, 3 and 5 days

HAP grown on PDMS/Bio for |, 3 and 5 days

i b, 7 - ‘V" h

B3 #IE&ATREER L HAP &K REK¥H SEM 45
Fig.3 SEM images of HAP under static SBF solution
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H B WEL R (WA 3b, e, h), FRME 4 iR
B & 4 FIUEH, £ 3 XJ5, PDMS/HAP Ei7 L
A K A5 100~200nm HAP 4k H L (29 38%) B
BETAAYBIEER (4 8%), {H5 PDMS/Bio %
] (44 36%) EAMFE. XEHTEEFRERTL
MABERELT, EEE £ HAP s A S Ha
EER D, BTIRERIERMNT, HEREE
Ho A A Y g B R L, AHE R ] U S B HAP A
RPEX MEEMBZANEREEZRETA
R ESHE L& M HAP BB AL A8
AR, BEEHBENM S EEARAFNT HAP MB#,
B REERBOE I, # AR,
2.3 AEFHEET HAP f&EK

B F % PDMS/HAP 1 PDMS/Bio #FrtR
41 HAP B, HAP £ KR E R, B30 HAP &k
RHEK, A EM B SBF B UI{E R,
i =Y EAE A R F R &4 T A4 HAP BIEAR.
LR RN SBF W 4524 10, 15, 30 mL-min~?,
EERAFAREERE HAP, &1t SEM X HE
FHFETMESAT, GRWE 5 . Blk&kEF
T HAP G ZEEYBBER LERAFREM S
FAnE 3(a)~(c) Bram.

HERETEDY 1 REt, BEERER I, EEEY
B bR/ NEROE R SRR E B, ER 3R
&, SRS T HAP B3RP AR MG R.
Il Bio

YzZ) PDMS/HAP
LI PDMS/Bio

60 A

All HAP crystals /(%)
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(><100)
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Fig.4 Sizes of HAP crystals grown on different

substrates for 3 days
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BT B HAP SEMRATTLAN, B8 B —FhEkm
FLFFAE. s, VT HA BB BB A etk &k K
E—BRERWBREIIEY, HHMERZERLM,
MHEZRERS. TERIREN LKA, ERITX
1, Ca®t Ml POI™ WM. HANRSIEAEE,
TRAERKE, TEBIERGERERZLEE. B
I H B G R T UL 3R A 7E 1 B X s A R
XFFR R ESREAXR. SBF Fishinet, 66
FH HAP R EREBENEER/D, § HAP
mEAEGARREESENETIRE.

EFIERMET, 5 REFHBBEZ I ER TN, M
BRshet, 5 RetHAKM B ER RS TRE. "8
AR, HAP AR —ERBEEAEEK, B
SERETLUFCRH I HAP SRVE RN H
L. BT HAP SR H KL, BIRZE+.0KE, Bk
%O EE BRI, EFEERZFORE, HE
B E1E A S BUL BB £k, I ITE. T SBF
BT, iy A K R A TR B T PR, B4
£ 5 KAt HAP @i REFILERWEE, TR
JRENE TR E S L E ks K, TAREHI

HTRBEEENSR, A Image J AR
[ SBF Wi#E A& 3 Xl 5 K#y HAPSEM [Eli#
T, SRME 6 . HAP KEKRES
7F 100nm AP, 100~200nm 8,5 F —E HFl, FLX
R R WAg HAP R4 WNE 6 13 K55 K
#yxt tE R LAE B, HAP RHRE 2 At (8] A 58 48 Y
F Brigm, Bl 100~200nm &y HLEE B0 EEE
EE, YHEAF 30mL-min~? B, I 600~800nm
TEFE AT HAP. i BHENTIZ R ST K i BT HAP
Ft4E HAP Sk, MERKLEHEIIE %4 SBF Hi#E
5% 30mL-min~! B, TEEILES SBF W&
FF HAP Sk, EIT 600~800nm K /N HAP
ik

3 Hie

(1) BEABEMUEBEPAFEER E#IEEK
#7 HAP SREEH T UAGH, =MER LAREK
B IE T A K ) HAP &R RS K/NBEF: PDM-
S/HAP > PDMS/Bio > #4455 5.
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HAP grown for 1, 3, and 5 days under the flow rate of 10 mL- min ' conditions

B 5 ARERERGTEWEH L HAP £Ki SEM &R

Fig.5 SEM images of HAP grown on bioglass under different flow rates conditions

(2) £ SBF W& M4T, AAEYBHAERE
K HAP, 76 HAP RGN B, HEE FUE 380,
W& 7 Y B L R BORLZ T, (BREE 4 1<
W EI 3 o, AH R %R HAP Sk e bRk
Y HAP KX, 3 HREE RE R M, HAP &
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