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Abstract

Interconnectivity and mechanical properties of bone tissue engineering scaffolds plays a very im-
portant role in biological performance in vivo. Porous scaffolds play the role in supporting cell
adhesion in the process of bone tissue repair or replacement. In this study, the titanium powder
was used for preparing highly interconnected porous scaffolds by sugar spheres agent and
gel-casting methods. The effects of Ti concentration on porosity, shrinkage, macropore size and
compressive strength of the scaffolds were investigated. The results show that the Ti-50 scaffold
has relatively excellent pore structure and compressive strength. However, Ti-30 scaffold is prone
to collapse in the sintering process, and Ti-70 scaffold will make the pore of the scaffold more
closed. The effects of different drying methods on the shrinkage rate and mass reduction rate of
the Ti-50 scaffold were also investigated. The results showed that after freeze-drying, the Ti-50
scaffolds were more favorable to maintain the morphology than after natural drying method.
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1. 5|

PR HA Sl T HR R AR TR A R B E VA e, B2 N TR SR 1+
FEECE AT RIA] [2]0 AT, H T BRI A 5 R 2 T P 53 e AN A D1 P 7 5 0 ) 2 7 5 ke 2 1 45 M e A
5E A AR 5 K AEREN[3] [4]. TR, T2 LSO T HMIE 5 NE B AR SN, R AT
A R G SR AR R AN A DL T A& AR N ) B i, 5D TR E )2 R

LA RALREE S, IFLRRE . LR AT AL EE MRS, 0 SORM A Ve g AR B
RIS . BT, 100 wm DAL FR FLAR SR 38 3 AT (2t B 2R K DRGSR A I AE AR [5],  BUE FLERES H IR AT
A THLAMAKN, FFRES NS NAR A B IAR B E[6]. A, 2 OSLEE ERAL A S 4
SO G AN B S RE IR AR TR AT, TR A ARG P L B[ 7]

FRGH T4 2 4L Ti SCRITTER 2, B IR—EURE, AINRRIRENE, BIRENE, EHIER
JORE RIEANE AL HRTAMBSE IR T EBNE S, sSOiAER Bl LR AR Z M. Hp
R RN 2 ARG AL, H IS SLAAT NaCl Bk . BERBURIANIEER, R SE R, AR IS AL =
T3 PV R B AR P T2 FL e Bk o (B Hr T NaCl TRE 55 B TR 25 I 75 T A RURE , RUAE [] Xk LA 7
AT ) T THT 3 A T A9 DRAIE S ZRFL R A LA VE[8] 0 R I BR AT Dyt £L 7 B AT A R 22 FLSC AR BLE e,
ERAEHE TZRBREERIERE S, 2t TR 2 A W15 2 FL SR E T s [9]

AHT TR FUACTE I & BEERG S, e R T 4 B ERAE NG £L70), ARG FL7R ) o6 v SRR R L
ST Z AL Ti SR, REFFEANT MG T 24 Ti Sceldi %, LRE, et
A RERIRE R, DA Ae il & T2

2. SCUGER4y
2.1. PETKEIE

RIS AFRLAZ IR ER[10],  DAREREAE N JEURHG] s Bl ERIE AL . TS 2, FREL 67 g HEAE,
IR s AR RS 5, IR = R I (158 °C ) iR AR B b SR AT B b, A A HEE BT D) /)
PER B ER, — B 18] Ja Ja G (RN 700 ml i (I B R A 0RO PR 2% P Z1 i FH I 2o 8 St 4
RE AT E BRALECKET#M.
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2.2. Ti ZRHHI=

KA SRR 46 TR 5 g /K LiCHE T 100 mL N, N-— FF 3E 2,k i v 71 (DMAC) T it T8 WA
FREL 0.7 g H 52K (chitin, CT), INA FIREWR B TR 1 HiFESS b, FAREEE 2 3 G 4 24 h BEHE
FYPREALR; IN—E &0 Ti BT HERER, 480 24 h B 21805110 Ti-CT k. AR
AR FE T S BRI R R )2, AR TR B = RS [RIR BE R Ti-CT 3 AL(Ti & &2 5124 30%, 50%7F1 70%)
HEAT SE5

2.3. BFLFIERIF S FLIAS A

W0 Jo IROSFIE P B BE R A IE CUbe P 0k 3 K& HiE T, F 20 RN B B TR R TR B2 4,
ARG TN AR IR 148 T (2 70°C) i 2 b FR(7~10 min) 5, SR 38 24 J 7Rl Bk s i DA 459 3R 1) T 1%,
THITF H2 b FEIAT R 5 4], ORAIFSC BRI DI I s TEEA MERR I B b E IS B0 B L BB, v ZE 8%
FEAE SRR BB R AN B, AR SRR AT A A A B 15 min,  BRERES AN, SR
THE TKHIRL 2 h, DU s AL SRR RGE A R Y, B S TE =R IR 3 d iRk R i
o R ZER B AT AT IRIEN SCRHAT T8, B8R TR 720 SRR 5 P 2 FE
s, BARHI 2R m WA 1o SC4hesh R A s s e 45 ) (ZR-50-21 ) gt AT, =R AR
FHEF] 600°C f5 Rk 2 h, 2 J5 LA 5.8°C/min (138 ZFHiE £ 1300°C R 2 h G A H 2 %0

2.4. MEEETRIE

KA B3t 2 AL Ti SCBEMFLERE; MR T 2508 (Scanning electron microscope, SEM)
WS BRLE 5 2L Ti SCZRMERTHES; SR X SF2R4T 81 (X-ray diffraction analysis, XRD)f Ml 5e 4k A J5 3
RIS o R FPRL TS 8 1B LI 8 B S (AR A 3:2) BT R oA, In#E 2 4 0.5 mm/mi,
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Figure 1. Flow chart of preparation process of porous Ti scaffold with sugar ball spheres agent
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3.1. BEPKISFLIT

K LA ) 2 BE B AL, A O SRR AT 7 2 6 8 5l RO AR BRI/ DR S 3Rt L) . AR

AR HT I (101 8, 750~900 pm FIREERIESLAIHIASH HA SCOLAA RAF [ BT

P, ASHT TR

750~900 pm FIFEER(K 2)1E S BGE AL, AR, L5 IOBEERIE FLRIRE A 2B, FE
e S A R A T ST T A, PRAIE S AR B

32. RS
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Figure 2. Appearance of the pore former of sugar spheres
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Figure 3. XRD pattern: (a) Ti powder; (b) Unsintered Ti
plate ;( c) Sintered Ti plate; (d) Porous Ti scaffold
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53.0°\ 62.9°. 70.6°. 74.1°\ 76.2°AbHIUE R RS AEIE S Ti (JCPDS No.65-9622)F i bk A7 Hi It b7 K 4 HL
A B A AR FORFIE IS, 1508 ST BT DR AR N SRRy« UEAl, R Ti-CT IR&JBL Tl & AR el Ti
J B9 XRD #E B 6 BH R & RN H 52 R 5 J0/K LiCI 353 a0 Ti IPIA B I ARG B« e sl
JaB Ti 4L Ti 228 XRD it ERHFEIEDT 5 Ti AR HERT S IEAI) &, RSB FE bk A K
Ti R KRAHADAE RV, REREEATAAHH, TS A TE Ti RIEEEK Tio, B, [FEN, BEFRT R
552 FLERAT IR T8 HAT SR R AR, e 5 Ak 5 2 ALK S 2R ARAAAE AT S e o B 22 e i T
KI-PREEARITE R L], Bedh 5 WA EI AR KA.

3.3. FRRLRERIFNT

LB T AN FRORNR B S R Ti SO B AR TR e e st m IR ALIR R, Wi, Bl LR
EPERES M hRPAAE T A M, SCRALEREIN T 78%~90%. AR FLRY], 75%LL ERIFLERA+
ARG T S L A . BB RORHR LRI, SOORFLIR SBR[ 26 1 55 B BR i AL
—EREOLY, REHKRE IR, SMEEHERAERES, RRREE IR, X AEREERIE L7 2 18]
FEEWEERR . AN, SRR AR 2 Ti-CT FRHR L RIS JROBHR EOM sy, Ti-CT A4 & b [ A
SEMY, SRR, B 4 A TR BRSSO A R LR IR, AR
HBEE SRR BERE N, SORMPUR SR R ETbES, KR TAERSERIRFEIE T, RBREZHOR, L

Table 1. Properties of porous Ti scaffolds with different ratios of slurry

1L ARERERMEIZFOSI Ti RMESH

KBRS FLIRARI% PRARU A2 1% FALR /um
Ti-30 88.2 772 277+ 87
Ti-50 813 703 368+ 75
Ti-70 78.6 65.6 476 + 46
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Figure 4. Compressive strengths of porous Ti scaffolds with different ratios
of slurry
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3.4. SR

K 5 A2 AL Ti SCERIITEE BT L. ] 5(a) AN [R1R B2 SRR [ S A be 4t i = SR ], HH ] 5(a)
ATLAE . Ti-30 SC4Res e R ARSI, Ti-70 SCURReL 5 2 RS 52 FLas M B o E AT, Ti-50 S48
AA TR R ZE WAL, #uk$e Ti-50 HEATFLELim 7. 15 5(b). ¥ 5(c) 5 & 5(d)>N Ti-50 342 &
T Fr o B Ti-50 ROWTESH AT LLE 2 FLARSCZE N5 LR 45 J5 RS £E 200~400 pm 2 8], HH
A RUFMTHEN, HORIETHEERE L [ 5 H % s i fh, @0/ 7 LS5 L2 s fL e . 1E
FALFLEE B 1~5 pm FIALIESUE G, AL R ER T CT BFRR 5 UBHE R FTEL.

3.5. FHRFM* M RERNT M

BEERIGE FLAN 8 /IR IS, AT 0 R FH 00 AR T8 S A R T IR E AR TR S B8 (T-50)3E 47 Ab B, HL Ak
H, BARTERAMERR TR, BT ERIEHAT TR, AR TERNRE SR BN T 5, &
FUKFEARE 24 h LSO , B TR THLH 8 h LMER T, £ 2 AW TARTEEAH T
BT S I BRSSO B PR . R AR /T VR, AR TR R SO BRI 4 2 K, H

Figure 5. (@) Macrostructure of porous Ti scaffolds; (b),(c) and (d) SEM images of microstructure of Ti-50 scaffolds
B 5. (a) ZFLAREIMER; (b), (c)FA(d) Ti-50 ZZRAMAII IR E]
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Table 2. Physical parameter of unsintered porous Ti-50 scaffold with different drying methods
= 2. FEIFIGEHENIBRRERIZTL Ti-50 ZEVIESH

FhRok B R I% Jo 1 AR %%
EIR TR 1.67 35.44
W R T 1.32 46.89

TR RPN = AT M.

R FEAREL AR TR dh R, X EBR TV R TR IR A M T IR FFFE AR ARSI, JERTERE S ok 7800
TR R T IRAC B S AT RS, Ve UR TR S B IR TR S 4R T AP AR A . I AT
JESEIG I HHURBRAE, KIL T HPURSREAY, 2970y 60.3 MPa, X EEH A T R4 il sc AT 7870 1
W, e R P A2 ST AR A s N, TIAEAR AT ES A N AN IR Ex T 5088 2k g
AEHUIRN . 1Z2ALER Ti SORGURSREET R TR AR T ZRrl &2 0 HA SORGURRE(Z) 1.5
MPa), 5 AVKE R ETURSREERONIEE[11] [12], BA REFIAEY B E, AR RS S AR .

4, g5ig
1) SRHRERE LRI 4 2 4L Ti 40, FEHEE 7 ORI B % 32 B FL B GE R K% 1 2V B T
2) Ti 48 50% 30 4 ELAT BLFIOFLBRSE I & 5 A A2 S0 ISR O BT FE 3, Ti & S sl 7
St S L R 4 3 — R
3) *F Ti-50 S ALHEAT AR T SR TR, 13 A TR A TR 230, hdb b 4 ik
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