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Abstract To decrease the thermal stress and raise the bonding strength between substrate and bioceramic coating
during laser cladding, a rare earth active bioceramic gradient coating is designed. The rare earth active gradient
bioceramic coating with HA and B-TCP on TC, allloy is prepared by using wide-band laser cladding technique. The
microstructure, bioactivity and corrosion resistance of bioceramic coating are analyzed by scanning electron
microscope (SEM), X-ray diffraction (XRD), simulated body fluid (SBF), and electrochemical analyzer. The
experimental results show that the bioactive rare earth gradient coating which has excellent chemical metallurgy
bonding at the interface consists of substrate, alloying layer and bioceramic coating. Nd.O, plays an important role in
synthesizing HA and B-TCP during wide-band laser cladding. When the mass fraction of Nd,O; is up to 0.6% , the
amount of HA+ 3-TCP catalyzed during wide-band laser cladding becomes the largest. When the mass fraction of
Nd;O; is 0. 4% ~ 0. 6% , the corrosion resistance of bioceramic coating is the best one, and the amount of HA
deposited on coating becomes the biggest, showing the best bioactivity.

Key words laser processing; wide-band laser cladding; rare earth oxide Nd,O;; gradient coating; bioactivity;
corrosion resistance

S EHER: 2010-12-31; WRfEFE A HA: 2011-03-13

ESTH: BXRAA/REIES (50961003) 5 M K248 58 A2 A 57 3k 4 (8 BFHEE T 2010001) 158 M 24 B 5 61 A A" 121 A 2
Bt B[R A B BA (201004004 9% B g4

EEE N : E RA9I81—) B W LA A, EENEAY BB T E M AESY . E-mail: wz19811109@163. com

SR E A XIH965—) 55 b i, R AFHOLAM I LA 0= FRHIE L/E . E-mail: qbliu2@263. net Gl {5
KRN

0506003-1



5l

—

i i
OCIS codes 140.3390; 160.0160; 160.1435
1 H

RS 1 EZ TR B A AR b
it F 0 2R 85 M . B AT D0 57 14 A W A0 3 1 0 A

P — P A A i TR R R AR H HA B
Ttk O B AR L B 1 E AR B R AL i B . A

S R B A 7 B A58 1) R 9 8 T D 7 O]
HA WRBE 1 2A PERE O B B0 42 9 4 I A1t Cln 8k

PR b BT 255 BRI A RL I D0 50 IR 0 42 s 2
_n

n(Ca):n(P)=1.5 JEA75L580 . B IR )Z2 09 3T
HA ¥ 28 BE T 4F K 58 A2 90 R B 58 305 2

W1, H M FERIE AR 78% CaHPO, » 2H, O+
225 CaCO; (T340 . T 3R Ti#y. HIESIHW +
TLEAFE R HA BER" R AR M
Ay I BBy R 0.2%,0. 4%,0. 6% .,0. 8% 1Y
L8 Nd, O, FEATS25,
H AT 75 4 8 25 100 ) 35 A2 W00 e PR R vk 2 T
1] > B S R R U R R kT T
U OB Sk, FE AR R R HAT

0

Fo L YRR RN 2 B BT (B AR B )
Table 1 Compositional design of bioceramic
gradient coating (mass fraction, %)
Layer First Second . 'Third .
gradient coating gradient coating gradient coating
S M 30 70 100
B — b 5 1% S AELATG T I — 6 A AR5 fife 2 1 ) A T 70 30
ANTR V2 A 45 i JBE AT | 90 P i O 45 i R IR S
e R 7 FH 0 o 55 88 5~ PR L0 19 HA IR JZ BRI A
VRN — B a] )5 - 2 KGR SR T 0 7% o TR0 I8
R BA PG P A R S R b 2 1) 4 A T
SRR © U A A5 TR DI RE IR JZ BRI A AT B

Kbt 1 037 B AHRD ARFT I - TP I L £ B e ¥t
oK FH 00 U V2 5 R B B TR 2 AR AR IR B B S 4 b
WHURERE y 0.5 mm Zidy . FE WOLK E T 22 %
Z— AEA W R B R VR R B A T A A )T R Y
R RT SR . X HOR AR T Y, 0,.Ce0, UK

/,
w

(=6 7 o
ISR — AR RS PR R M)
T LR 5 PR A AR )2 NI TE4K A 4 b
TE WA 08 PERR B AR W B TR )2 . P 1 T O
ISHE L2800 YR P=2.1 kW, i fig V=
La, O; 5 fEXEOGIE AL W) 16 M 2 VR 2 A 8 5 1
FE Y SR L L 3 R e Nd, O, 2 5 0 86 18 16 J2 2 41
FIPEBE Y 5

180 mm/min, Y¢IE R 5 D=12 mm X2 mm,
W, A8 SR T8 Bt BoR  E 4K

FaRMmE & T LAY NdO, #9291 1k
s BB BE TR 2 AT S T 86 B TR )2 1 2 W T P A
T ) e

2 SEERMRLS UK
2.1

FAH OLYMPUS PMG-3 # OM 4 48 i #3055 Wi
S8R

RS A B E . A DEMAX-200L # X 5 £k fif

FH(XRD) 4 [ g A AT 3% 2 WA o dr .
FER AR BE K& 4 Ti-6AL4VTC,) 1
CaHPO,

PR AME AR (SBF) 15 10 52 56 46 10 A= 49 B 38 U J2 1
2 R EO R AL 5. 5% ~6.8%;V 3.5% ~

I TE . SIS SR Y SBF Bt 4l 5 Kokubo 4EMY
i i SBF AR . 83 2 0FE (10 mm X 10 mm X
45~50 pm 9 Ti k3.

4.5% s A m ok Tio B MR 4 0 o B4l
2H,0. CaCO,; . Nd, O, ¥ K DI K& H %
2.2 LWHZE

2 mm) it A SX3-8-16 JFi =X 1 B4 v #E 500 C 4R i
2 ho Bl E L B R B . U B9 TR 2 IR R R A
PR TGIK B 25 B 1K oh e s SR 5 A 8 T 4 o
M2 . B LT i X FR A SBE I
50 mLE JE O b 3= i, ARG 2 B AT, SR S A
SPX-250 %1 36. 7 ‘CHa i 4= b 15 75 46 £ 17 s SBF %Il

BB 2 RHE e — U R 7 K5 K R I SBE I
T WO A A 5L R A TJ-HL-5000 %4 5 kW

S CO, #6498 )z TI-LAMP Ak 5 = BB 3
THLR. #otss b o /A B0 55 e 6 F B 4
FREEFT T, BEE L., HA B n(Ca):n(P) =

R, I EE TOKREW RS T, A JSM-
1.67(n £RJEF & O, BIG B HA (9 CaHPO, -

6360LV B 4 Hi 5% (SEM) (4 Super Dry I B8
%;\
2H, O F1 CaCO; 1Y JF &4 B4l i v 72 % CaHPO,
2H, O il 28%CaCO, ., *% &%

AIATAO B U 2 5t 7 K e E B SR AR Ak I 1F
T X B4y 40 1. F MEC-12B %1 £ 9y g ik L f 4k
403 AT ASC S0 FE A A SO0 ik 2 ) PH AR A Ak il £ R
=R G TAE AR B TR 2 5 B il ok
Pt LM . 2 HE A O 4 A H R L (SCED o HL fff T

o e WOG G 3  7
0506003-2

Jy SBE W) MR L R —2 VoL gk 2 i



RS Ndo Oy & B0 ST BOG G BE A W38 P B B2 VR 2 Ak RE /Y 52

+2.0 VHGERE N 5 mV /s, T2 5 W e 2L 5 R O S ) L L 3 ol
O T LR 45 £ T FUA 65
3 ERAIRE SR S e
3.1 EWEMR L ERE R MARSE
Pl 1y A 2 ARG T AT 38 o e T I

HMRIZ A 3 ARG BIERE R I 40 P
BIE. fRZ G A R T UIL RSB, o qen

\ N -sbstrate
o, X RUIEM 52 Z WSS T RIFM226 4 :
S5 M SR EZZ A ESENGSLZ,

TE AWy g e TR TR RN AR WD M )5 AT AR 1k 4 b 9 4
BB T Ak YA B2 b5 aaEmaa i

50 um

Fig. 2 Bonding interface between substrate and

alloying layer

bioceramic coating

bioceramic
coating

alloying layer

substrate

500 pm

alloying layer

BT BRI 2 RO 5 50 pm

Fig.1 Morphology of the gradient coating N NN
Vel 2 g 3 b 54 4 S5 45 4 T T F 2 B2 404 o S ARRSRRRE A
R I N T T L R Fig. 3 Bonding interface between alloying layer and

bioceramic coating

KT S ICAARAE L By B AR 1) o AHERZE T BT IR 3.9 B E A A A R MO HR AL

{9 o s 3 5 4 U2 0 8 1 1160 g Yo
47 NEEg x:t/j Nd203 ¥ R
LM R IR R AR . B 3 B 4 IR & B LRAY NGO, EYRER

=1 XRD 43145 28, W, B Ed
AR TR 5 A 5 SR R XRD BT R. i EAL R, £ WRERRTE

Il 0Nd,0, ’,
0

30

0.2 Nd,0,
0 T P

Intensity /s!

W A Pt P i N 0 ROPTV P Y IV W o Aot A |
. A | CaTio, |
TN i 11 oc—Cas(PO4)2
A [ , L. PCa®O),
L ) Cam(POA)G(OH)2
| |I 1 I Tloz]

| - | 1 1 L
20 25 30 35 40 45 50 55 60
20 /(°)

B4 AR N, Oy A=Yy W %o )2 R WY X AT 4T 1A

Fig. 4 XRD pattern of bioceramic coating with different contents of Nd,O;

0506003-3



1200 Ca
1000 p

800- Ti
6000 \

A4 i

005y v

200- 1 Al Ti
L \%

0

Intensity /s!

0 2 4 6 8 10
Energy /keV

Ca

P
Vv |
(6] Ti
Ti Al
A Ti
J v Fe
0 2 4

6 8 10 12
Energy /keV

Ca

P
1000
O
500+ V i
J Tiy_
4 6

Intensity /s!

0 2

8 10
Energy /keV

—
(=3
(=
<

Intensity /s!
[l
(=3
R

6 8

1500 Ca

—_
=
S
S
o

Intensity /s

0 2 4 6 8 10
Energy /keV

(e) 0.8% Nd,0,

B 5 A& Nd, Oy W2 AE SBF i3 7 K iy SEM JE 4R K EDS &%
Fig. 5 SEM morpholgies and EDS patterns of coatings with different contents of Nd,O; in SBF for 7 days

A7 CaTiO; JHAB-TCP o TCP & TiO, A, MARU  HERG M N, O, & 4050k 0. 2000, 3RAE HA
I Nd, Oy Bif A W B 3% 2 LT3 A HA+BTCP  B-TCP FYRRIE I B 24 BT 7 B 5% 356 B A 0 g o5 4 )2

0506003-4



O,

Ndy Oy 5 2 XF 58 5 B I3 B A 90 P B 32 Ok )= P B F) 52

iR A R HA+B-TCP A B 3D2 Nd, O; it
BN 0.4 %I, FAE HA Fl B-TCP [R5 777 5 1
MR ER Ay B L L 32 AT A 0 LR AR 20 SRy 33°ft ik
Chn & 7 Sk BE ) 19 (112) L (300) & T S fH A 2 1
Hie e UG S U B ZE ) BB TR R AL A R HA -
TCP MBS BTN 24 Nd, O, & 5380k 0. 6%
B, FAE HA F1 3-TCP i R¢AiF 04 Sy o™ 2 S i e (A0
Pl v 7 Sk T ) 33X 28 B R 0 P 2R W B R T U 2
Ak A B HA+p-TCP I M AH 9 5 3% 31 5 K T
M Nd, Oy i 4350k 0. 8% i, FAE HA F1 g-TCP
AT ST WA BT BE AR, BERH 5 5 & A HA+B-TCP #H
(& R > . FTRUE B e N, O, B
WS A M HA+B-TCP BfEM . 4 Nd, O, 5T 534
h 0. 4% ~0. 6% B, A 4 B % Uk 2 AL AR
HA-+B-TCP # i & 5 £, H Nd, O, JT & 5380 h
0.6 % I 3 A i HA+B-TCP HINERZ .
3.3 HBIEAMEYHERNERENEYEE

5 AR NdO; & & 1LY b &R 27
SBF i il 7 K1 SEM JE 51 K g & 9 BOE 35 1
(EDS) B #%. i I® 5 Ca) ] WL, R hnfi + A 1L 9
Nd, Oy B, ¥ 2 35 T8 A7 75 3 2 1) 28 60 F K 8 DI
TR 2 T EBROE UKL A /0 R BB 4 A T LU
. Ca P i/, Ti K2 s BB 5(b)al %1, 24
Nd, O; [ &4 50h 0. 2% B % 2 R E TR A
BRIE K 05 T2 BURLA i i © @ i A1 3 L 3
)2 R MEAEAE— L B AAALI L BB AT B L 1R )2
i Ca P FREERTFIN N O, AR JZ B4 1,
B Ti & WE 5o (DA RLE H L2 Nd, O,
B 5 A HGR ] 0. 4% ~0. 6 %) IR 2 R ITY
HEREFRC &% 2H w7 IRZE, H A 6K
FIAHA A2 K R #, AR WP & IR 2 1m Ca.P
FRBHERE. T S R REE R ILF R E, A
AW v J2= e 18 BT DR B B K A 2 —Fh e & Ca
P 1Y), 2 B 0 PP R B TR )2 5 SBF &
W Z IR A T A2 RN 5 SO K A AR U 2 3R TH Y
OB 24 Nd, Oy J5t 7t 43 B0 n 21 0. 8 Yo, ¥k J2 2 1
DURRAY 1 3R % R0 €807 T8 J5ORL AR B 40 /N HLAGR A
PR W2 2R Ca P & S48 0. 4 %01 0. 6 %0 it &
SYEH) Nd, Os Az 9 88 0 J2 A A1

HI 43 BT 45 R R R AR Nd, Os 1 5T 6 43
BR 0. 4% ~0. 620, ¥k 2 F IR A 25 B wE KA
xZ HARENAEYEE. 456 2R XRD
SR HTEEFAT AR T M B R R R R 2 0 AR i
5 Nd, O & 5 fi b G 1 HA -+ B-TCP 3 1% A

B DIAE G .
3.4 WIFEHEYEEREREMYE

K6 AT & B Nd, Oy H 1% T A= 9y B %
JEURIZTE SBF g BRI ALt R 18 . dy 1 AT L L H
A3 VRV 2 PR OR Ak it 4 H s R 03 Ak L Bl
DX, A H B Bl A IXC 58 B O S 3 2R A i I e ¢
HL AL (2 V) oK 35 30 i Ak B8 %) il 24 W 57 (D) i A e
PRAE 58 4, 31X R W A 1 338 1 B 88 0 R OR 2 LA LU
PR TIES JEE e AF G B2 T RHAE Ay A 00 BT 2 5K 1 T
Jig

20

151

Lok 0.8% 0.6%
Nd,0, Nd,0, 0.4%

E 0.5} Nd,0,
ol

—05L 0.0% \ 0.2%

ol N miearawy NGO,

70 15 20 25 30 35 40 45 5.0
1g ¢ /(nA/cm?)

B 6 AW s SR 7E SBE A i BB ML Ak i 2
Fig. 6 Anodic polarization curves of bioceramic
coating in SBF

HIFE 6 38 R A L i 80h 0. 4% 0.6 %01
Nd, Os ¥ J2 5l Ak bR 25 1) BH AR 4 B0 F 3 2% 3 45 I
I3HCH 0.0%.,0. 2% F1 0. 8% ) Nd, O, &2/, T
M Ti-6 A4V & 4 B — 20, Ul W A & 43 50k
0.4%.0. 6% 1) Nd, O, i + 8 b9 & A 12 51tk
AR MR AT HoA 5 p R i s LS A 8K
RO, 4% 0.6 %1 Nd, Oy % J2 I 18 8% I8 b 1) Ha, 37
@ 3 F Ti6ALAV & 4, R 0 80 0. 4%
0. 620117 Nd, O; W27 SBF H i ol i i) 4 2 /78
ANEE T 2 IR . 456 0% 2 KT XRD 43 #r 45
HAHY Nd, O Fif/r80h 0.4% ~0. 6 %01, ¥
JEHRAER T 20 HA ML XK 55 Tk J2 78 SBF
MRS P S i — 20 B2 5 R 2 0 R ik R 4R At T
PR

LI I

Tl A 10 76 1k A R B B R TR 2 43 ol
M B8R RAEYBEZ 3 A2 &2 Z 04
AR, N&O, fETE W O E LB T A5 S
A HA+B-TCP M fEH . 24 Nd, O, Jii & 53 8 h
0.4%~0. 6 %0, fiEfb &5 B HA+B-TCP {1y 4t ik 5]
i, B Y N, O, Jitk 53 %0k 0. 6% B 5 & iR

0506003-5



T

L

HA+R-TCP MR L. HEREZENEYEIES
AT Nd, O & L G i HA+B-TCP i PEH 1Y
o m UM, M N.O, WS HR 0.4% ~
0. 6 Y0 I . i e A6 JIE 0% J2 3 D DU AR 1 Wi R A i O
% HARAEM A YT PR W 10 v AR W R R B
TR Z B I Tl P RE B4 - HLIR R B Tt S ol 1k 5 A 1)
Nd, O; & # il L& M HA F A A <. 4
Nd, O, [ E 580k 0. 4% ~0. 6 Yo It . Ik 2 45l
UL /N FLAT o/ 9 R ok 1 T S e P £

s & X #

1 Yu Yaoting, Zhang Xingdong. Biomaterials [ M ]. Tianjin:
Tianjin University Press, 2000
FTMREE . TR, AR AR LMD, K. Ko K Ak,
2000

2Y. C. Yang, E. Chang. The bonding of plasma-sprayed
hydroxyapatite coatings to titanium: effect of processing [ J].
Thin Solid Films, 2003, 444(1-2) . 260~275

3 A. Stoch, W.
coatings on titanium and its alloy Ti6A14V [ J]. Molecular
Structue , 2005, 744-747 . 633~640

4 Miguel
hydroxyapatite coatings in basic conditions [ J]. Biomaterials,
2000, 21(17): 1755~1761

5 Wang Yong, Gao Jiacheng, Zhang Yaping. Study on graded

Jastrzebski. Sol-gel derived hydroxyapatite

Manso, Carmen Jimenez. Electrodeposition  of

bioceramic coating cladded by laser beam[ J]. Chinese J. Lasers,
2004, 31(4) . 487~490
EOF, AR R BB ELR R A MR TR 2 e
[J). ¥ HE#k, 2004, 31(4); 487~490

6 Liu Qibin. Laser Processing Technology and Its Applications
[M]. Beijing: Metallurgical Industry Press, 2007
XFERE. o TH A KL HTIMI. Jbat: if 4 Dol th sk,
2007

7 Liu Qibin, Zheng Min, Zhu Weidong et al.. Microstructure and

properties on gradient bioceramics composite coating produced by

wide-band laser[J]. Applied Laser, 2004, 24(6): 350~354
X, A 8 SRR . S ROCE B A TSR R R
HWIZHA S5HREL]. 2 Ak, 2004, 24(6): 350~354

8 Liu Qibin, Bai Lifeng. Microstructure and properties of ultra-
high strength steel 30CrMnSiNi2A by laser welding[ J]. Chinese
J. Lasers, 2009, 36(8): 2182~2186
R, . MR IR 30CrMnSiNIZA A YOG R 5 4H 41
PERELJ]. P Bk, 2009, 36(8): 2182~2186

9 Liu Qibin, Qu Wei. Effect of doping on microstructure and
properties of BaTiO; ceramics sintered by wide-band laser[]].
Chinese J. Lasers, 2009, 36(9): 2409~2412
XHE, fl G BT SEH WO eSS BaTiOs B % 4141 5 P A
BRI, PRk, 2009, 36(9): 2409~2412

10 Pang Chi, Liu Zhiyong., Liu Qibin. YAG transparent ceramics
sintering by wide-band laser [ J]. Chinese J. Lasers, 2011,
38(1): 0106001
JE Bk, XU B X HOR. ST OGBS T & YAG % W B &
[J]. ¥ @i k. 2011, 38(1): 0106001

11 Liu Qibing, Zheng Ming, Zhu Weidong et al.. Gradient
bioceremics composite coating produced by wide-band laser
cladding on surface of Ti alloy[J]. Function Material, 2005,
36(1): 50~53
XUHOE, A B SRR S5, BRG A R TR OB B M AR
VbR A wRIZL]. e M4, 2005, 36(1): 50~53

12 Gao Jiacheng, Wang Yong. Effect of Y,Oj; on in situ synthesis of
HA[J]. Chinese Journal of Nonferrous Metals, 2003, 13(3):
675~679
AR, £ OB FAA R HA SRS Y05 iEANLELT]. F
B A &4 % F k. 2003, 13(3): 675~679

13 Q. B. Liu, J. L. Zou, M. Zheng. Effect of Y03 content on
microstructure of gradient bioceramic composite coating produced
by wide-band laser cladding[ J]. J. Rare Earth., 2005, 23(4):
446~450

14 Tadashi Kokubo, Hiroaki Takadama. How useful is SBF in
predieting in vivo bone bioactivity [ J ]. Biomaterials. 2006,
27(15): 2907~2915

15 F. H. Lin, Y. S. Hsu, S. H. Lin e al.. The effect of Ca/P
concentration and temperature of simulated body fluid on the
growth of hydroxyapatite coating onalkali-treated 316 L stainless
steel[J]. Biomaterials, 2002, 23(19); 4029~4038

0506003-6



