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Evaluation of Metal-ceramic Bond Characteristics of Co-Cr-Mo Alloys Fabricated by
Selective Laser Melting
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Abstract: In order to solve the problem of porcelain cracking and peeling of dental Co-Cr-Mo alloys fabricated by traditional cast (CAST) in the
clinical application,the metal-ceramic bond properties of Co-Cr-Mo alloys fabricated by selective laser melting (SLM)was studied to explore the
feasibility of SLM technology for dental application.Metal-ceramic specimens and thermal expansion coefficient specimens were prepared by
SLM machine.Compared with the Co-Cr-Mo alloys made by CAST,the metal-ceramic bond properties of Co-Cr-Mo alloy prepared by SLM were
evaluated comprehensively by analyzing the microstructures,phase compositions,thermal expansion coefficient,bonding strength and interface
between metal and ceramic,which were obtained with the aid of metallographic microscope,scanning electron microscope,X-ray
diffractometer,thermal expansion instrument,and other analytical methods.Experimental results showed that the phase composition of Co-Cr-Mo
alloy produced by SLM mainly contains the a phase (84%) with FCC structure,and the & phase (16%) with HCP structure,and no harmful ¢
phase.The average linear thermal expansion coefficient in the range of 25 ~ 500 “C of Co-Cr-Mo alloy by SLM is 13.874X10 /K, which is lower

than that of the Co-Cr-Mo by CAST and has a better thermal compatibility between the metal matrix and ceramic.The fracture pattern of Co-Cr-
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Mo alloy between metal and ceramic is adhesion cracking ,which is mainly related to the wettability between the metal and ceramic and endogen-

ous oxide film.SEM analysis showed that the wettability between the ceramic and SLM Co-Cr-Mo alloy is great,with no holes and other

defects.However,the thickness of the endogenous oxide film of CAST Co-Cr-Mo alloy is thin,with poor wettability and some defects.Compared

with the properties of CAST Co-Cr-Mo alloy,it was found that the Co-Cr-Mo alloy by SLM has better metal-ceramic bond properties,which

provides reference for clinical application of SLM technology in dental restoration.

Key words: selective laser melting;Co-Cr-Mo alloy;bond strength;dental restoration

M T EAT 4 8 09 7 2 M RE L S B B Y 38 22
e, K5 &5 4 )8 18 Z 1K (porcelain-fused-to-metal
restoration, PFM) EL 48 8 0 H Aij = AN A4 | 451
Beiis g g R U AR R A 4 %
HA BP0 124 ERE | T 1 58 DL S A= 24 1 fE

7 R 5 Pl e bR 2 ) ELAT BRI R 4 et A,

TR &G A 4 1 PR RE RN lobE RE R4 AR
YIRS, M HASCd, Be® A EF LR, & Hul
I &R )z B A RHE E AR H R AR A A A
LRk A =, AR B M R R b &k AR ) AR A AR
(apcc—ence ), RBUBIK, 4 )@ FEAk 5 B % 2 8] = A4
LN T 5 [FIES, T4 B[R] () e B ik 3R 0 22
5t FESRAL By e A 3N T, RS S A e s BB
BREGREHP S BIRE  EREEFERNE, ¥
M LA I R b A — 2 410

POk X 45 % (selective laser melting, SLM ) £ R
J& T4 )R 3DFTENF AR —Fh, HAfb it filfER
Ze F AR AR S T AR & ST R
SLMEE AR R H F A BH& & Gk, HAR1S 18 2 (AR 1 6E
FE 75 1 2 B RN I A 220K, E R [ N AME 5 1)
s P Qiang BIF S & PR SLMIAE 19 B b
WA 4 5 N 2R M AE L A L T 2E ke,
H R SN A1 40N XinZ5E U2 e Ay AL B 45
1t 5 SLMIAE &L 55 81 & & I AE WA A, 25 &
PESLM A 1 25 B 1 28 TG HL 40 i A7 7% 32 0 g, ik
Y SLM 4 HAT B4 1 A= W A 2Pk L XinZ 02 s 2% R
SLMIN T 75 U i i 4% 5H A 4 B TR JS ekt g, T DA
1 3 K PEMAG 52 14 1) 451 11 75 i {HL & SLMIAE 19
i A S SR AR LR A AR 4

‘A2,8,14-16
wl ],

YE& R ALY, DISE B 5550 & & XTI,
24 I T 2 708 (scanning electron microscope,
SEM) , X5 £k 417 4t ( X-ray diffractometer, XRD ) 14>
AHAT AT, DORH 28 19 £ B2 BF 58 SLMIIAE 19 4 B FH 6 8%
HE S ST LR, i SLME ARAE A BHE & Sk 1

e RS
1 KM EGE

S I6 FH B4 38 A1 SLM 4 %% 43 & 4 (Wirobond C+;

Bego) b2 mi 4 W3 15 FHH T4 &M VITA VMK
95% M, F LA T BT BN : S10,, 52.4%;
Al1,05, 15.15%; K,0, 9.9%; Na,0, 6.58%; TiO,,
2.59%; Zr0,, 5.16%; SnO,, 4.9%; SLM&L #4044 %
Conceptlaser M1EISLM A FRIHL ] 2%, JZ2/E30 um, #%
100 W, FHHE 3R 75 mm/s, I T Fe 5 N, SR
P B5 T A A EH A 4 R FH ZG—2 5 1 B 2 SO 45 R A
il
F1 HBESSLMEREEENERY

Chemical composition of dental Co-Cr-Mo alloy
fabricated by CAST and SLM

Tab.1

M w(Co)% w(Cr)/% w(W)% wMo)% w(Si)/% WEFHAR)/%
CAST  60.2 25.0 7.0 5.0 1.0 <1.0
SLM  60.2 25.0 6.2 48 <1.0 <1.0
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Tab.2  Porcelain firing procedures
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Fig.1 Schematic diagram of metal-ceramic specimens
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Fig.3 Microstructures of Co-Cr-Mo dental alloys fabric-
ated by traditional cast and SLM
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Fig.4 XRD spectra of Co-Cr-Mo alloy fabricated by tradi-
tional cast and SLM
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