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Abstract: Surface modification of biomedical metal materials is an effective strategy to enhance its
osteogenic biological activity, which can greatly reduce the time for forming a strong chemical bonding
between the implant and the human hard tissue. This has great significance to ensure the rapid recovery of
patients after implantation surgery. In this work, a facile two-step modification method of alkali heat
coupled with pre-calcification is carried out to treat the biomedical titanium tantalum alloy (Ti: Ta=43:57,
mass ratio) , and its osteogenic bioactivity is evaluated by simulated body fluid (SBF) immersion tests.
The results show that no bone-like apatite coating is deposited on the surface of TiTa with alkali-heat
treatment after soaking in SBF even for 18 days. While the TiTa alloy treated with alkali-heat and pre-
calcification exhibits excellent in vitro osteogenic bioactivity. When the modified TiTa alloy is incubated in
SBF for only 3 days, its surface is entirely coated with a newly formed spherical clusters of the
hydroxyapatite (HA) coating. The boosted osteogenic bioactivity of TiTa alloy modified with alkali-heat
followed by pre-calcification is a synergistic result of multiple factors. That is, after hydrothermal treatment
of TiTa alloy in NaOH, a porous, coarse and super-hydrophilic surface, with a static water contact angle
from initial (54.942.1)° to (11.2+2.4)°, is formed, which is beneficial to the adsorption and spreading of
SBF. After further pre-calcification treatment, initial crystal nuclei of calcium and phosphorus compounds
are successfully introduced into the surface of TiTa, which can rapidly induce calcium and phosphate ions
to precipitate and grow into HA during the SBF immersion process.

Key words: TiTa alloy;alkali-heat treatment ; pre-calcification ; hydroxyapatite



162 FHRLT A2

2026 41 H

S KB B R 45 B i B i
PR DLIAE | 38 H 5 BEAR BB Z AR LR YT
PUAE T (RS [R) AT B AR AR B & 8 e o+
FBE % 321 Forb 4 Jam M ORE I 07 2 PR BE R A R X
BTSN E k. EARZEYER B R,
PR H A 4 BALEE T A MR T Tl e g o L A
YIFAZEPE LT 5y I T 2R RN b A B S0 2 A
H A C AR A R A &M EHH TI0Y7 B IR
BN BT A8 G Y B A A I R ) 5 TiAH
Lt , 42 & 40 (Ta) BA B4 rY Ak 2= A e A O S5 i 2E
YyABZPES BRI 30 A o iR B 8 a5 G 1 — Rl &
RV MORL, SR RN /D S O R B B,
Z v AU TR M BRI AR R M R T A E A
W 5 SR A ) 0N o TR K R B s s R S
e A A AR R 7Y TiTa & 4, AUk & T P T
R AL I H IR BA UL S 5 B A
TR I Y s AR e N AR 2 S S
FRA — P e e A RL 1 L BRI (EAR I R, &
JEBREER A B 1R AL B A YRR A R BT
NAEWIR G 5 8 Bl 2H 21 ) 37 R R A 2 S Y
VA o PRI, A 1 BB AR T A A R AT g [
R HE R AN RN BT T SO AT AR 2R I g AU, R
BT 2% T AL 3 DAS i A= i v, 4T 5 i A
RS R w 2 TR AR I & 2 2K
2H AU 53 W 72 BE B K A7 U J2 (hydroxyapatite , HA ) f2&
PR B TR A T R R B A . SRR
T ANAE B FRORT AR AT AR A DR A Ty
Pl 0 HA W 80 U 2 T AE7E R ), Al 5
PR ZE A i BT AR T T TEA A E WA N )5 5t R
O3 S W L BV, TS e Il R A T ROR o PRt
Il B Al A T B B IR A Wy 1R 4 R
DA V1% 3350 s e B 4 A 1 7 4 50 S 2 9% P vl
VE R U 2 5 G 52 30 AR BRI R 45 W IR AR A 5 1
P55 DA HA (I 27 H R 3 i PR s RR, 4k iy & 7
AERAE AN AR B 20 2R 72 [ PR, H #3252
ST G = B DG

A TAEBESE TiTa & aE NI A i & A Ak
ERIRER AL I — 2 B - TR A A R AL VR X A
FE 8 P BE S A B HLA W (simulated body fluid,
SBF )i s2 56 % ot TiTa & 4 BRI i A P s v
HEATVPANY , 145 6 20 45 SN il A s e 3 T
BRIHEAT 2007, DA 6 4 i i R 0 FH 4 B (e 1
Z%

1 SERMBETTE

1.1 iEF

FA AL ET (NaOH, AR) , B 7/K 4 1 (CH,CH.OH,
AR) AL B (NaCl, AR) B2 & 4l (NaHCO;, AR) .
AL (KCL, AR) « =K & B e & — 8 (K.HPO,-
3H,O, AR) . /N/K A S (MgCl,-6H,0, AR) 54k
5 (CaCly, AR) B R 8l (Na,SO,, AR) | £h iR (36 %~
38, JE &AM, Il HCL, AR) | = 3% B B 4 5L /P
(C,H,NO,, Tris, AR) , Fiti{ 340 B i 28 R
R S A A #2585 T K,
1.2 MEHEE

1 FH 6007 1 i 7K 0 4% % 10 mm X 10 mm X 2 mm
RSP B9k &4 (Ti: Ta=43:57, &0 , AT EE,
PIBR R mEM A E . BJEIRKAE L BT K JEK
CEEF R YRR 5 min, LABR AR TS o KUEER)E I
TiTa &4 # A2AH 30 mL NaOH % # (1 mol/L) Y
100 mL VUG Lk Rz, % 55 T 70 'CF R
24 h, B RNEEHE B TiTa &4 BUHIE £ 8 Tk
Z UL VRV, DABR R R AR RV W . B — B
SRR 50 O TG IRAT , 53— 5043 FF i W 4k 252 ik
TS LA HE

A5 Ak Ak B3k T 2 NaOH Ab 35 509 B8 8 il A
40 CHM S ES A PR B 12 h SR E R B Tk
YEWE R 2 40 “CIHY K, HPO, - 3H,O %% (1 mol/L)
B4 b BUHRE LT 25 B oK BRI S T 50 “CHET
1.3 SR

fif B X7 Pert Pro B! 458 A 5 X 4 £& 1i7 4 41X
(GIXRD) X HE & 1 AR AR ZS 0 A T RAE B AR B R
1.5°, Cuffll, Ko £k , 4 M B0 10°~75°, FH AL 10
2 (°)/min, ffi H Quanta 600F £ 37 % 5F 49 i e 45
(FESEM) FE: B & 1) X 26 5B 15 (EDS, Oxford ) %t
FEh TR SR TC R LT AT 0BT o FF i IR Ak 27 1
JLE M AT Kratos XSAM-800 %I X S48 oy T-HET
PGHAT 38T, ATHE, e AN A SR . fiiF] DropMeter
A-200 T34 fish £ I8 SO0 A ol ) 7 AN K 2 i AR R AT
M
1.4 {KIMNEYTFEEEN

SR FH SBF 15 91 552 50 X6 — 2532 B 44 i AR A - 7
5 T A Ak BT AR i AR S B AR P R R A T
WM . SBF B il 77 3517 : 4% 8.035 g NaCl, 0.355 g
NaHCO;.0.225 g KC1,0.231 g K,HPO,*3H,0.0.311 g
MgCl,+6H,0 . 39 mL HCI(1 mol/L) . 0.292 g CaCl,,
0.072 g Na,SO, #16.118 g Tris B U T2 940 mL 2
Bk, BEJS 2% N 1 mol /L HCL, ¥4 i) pH



Bo4l 1M

BRAR G 4 R A b R HAR I i AR I 163

WZE 74037 C)  MAWBERZR 1 Lo B othEFE s
50 mL SBF H& T 37 CHEIR A h T 15 7% BE R 2 10
E (R B) S A S B I 2 B KT ok Bt T )5
TIGEERAESIHT . 5370 72 P 43 (B) B 24 h 75 7o 4 —
X SBF .,

2 HR5H9MH
2.1 WMo

1J2 TiTa 34 283 Bl AL BE AR - U5 1L
A4 S F A SEM . i 1(a), (b) A, TiTa

44 T 1 mol/L NaOH ¥ ¥ H ik #4 b #1 24 h 5, 3
T — R ESEBORE R AR R B
(1)), i BRZ 5 ARURE | B A2 41/ N KRR 4 2 i
B, EEH PR Z LA . B 1(d)~(Dh TiTa B &4
T B AR - TS A P A A FR S R I SEM . 55—
PIAD B AR G R TR Ak A BG5S
AR AW, B2 P E S TiTaf £ 35
i EDS 345 9 . I, BRA I 2] Ta Ti.O JTLE A,
WG] Ca C P KIGE , 2 W8 1 J 2k 75 1k b 2
Ty AE 28 Bl I 2P A S R BB 2 5 A Ca P 4§
JLEK.

1 2 B (a) ~ (o) FIiseph - TS L M2 b B (d) ~ (D) 19 TiTa & 4 % 1 SEM £
Fig.1 SEM images of TiTa alloy surface modified by alkali heat treatment(a)-(c),and alkali heat-pre-calcification two-step treatment(d)-(f)
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Fig.2 EDS analysis result of surface layer on TiTa alloy with alkali

heat-pre-calcification two-step treatment
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Fig.4 XPS spectra of TiTa alloy after hydrothermal treatment with NaOH  (a)survey spectrum; (b) Ti2p; (¢) Tadf; (d)Ols
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Fig.5 SEM images of surface morphology of TiTa alloy with alkali heat treatment immersed into SBF for 9 days (a)-(c),and 18 days(d)-(f)
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Fig.7 SEM images of surface morphology of TiTa alloy with two-step treatment immersed into SBF for 1 day(a)-(d),3 days(e)-(h),and 5 days(i)-(1)
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