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Abstract

In this study, porcelain bonding strength and mechanical properties of sintered Ni-Cr-Ti alloy for dental
prosthodontics have been researched experimentally. Mechanical and morphological characteristics of the alloys
were examined by Vickers hardness test, tensile and bonding strength test, surface roughness test, field-emission
scanning electron microscopy, energy dispersive X-ray spectroscopy, and X-ray diffraction. In the sintered
Ni-13Cr-xTi alloys, morphology of sintered alloy showed porous matrix diffused with alloying elements of
Cr and Ti, and showed dendritic structure after melting process. From the XRD results, the second phases
of NiCr, Ni;Cr, and Ni;Ti were formed in the case of sintered and melted Ni-13Cr-xTi alloys. The tensile
strength and hardness of Ni-13Cr-xTi alloys increased, as Ti content increased. Surface roughness increased,
as Ti content increased. The bonding strength between metal and porcelain of Ni-13Cr-5Ti alloy was higher

than those of Ni-13Cr and Ni-13Cr-10Ti alloys.

Keywords : Dental prosthodontics, Porcelain bonding strength, Second phase, Sinfered and melted Ni-13Cr-xTi
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Element | Weight% | Atomic%

Element | Weight% | Atomic%

Element | Weight% | Atomic%

Ni K 100.00 100.00 CrK 100.00

100.00 Ti K 100.00 100.00

Totals 100.00 Totals 100.00

Totals 100.00

Fig. 1. FE-SEM micrographs and EDS analysis of the powders: (a, a-1) Ni, (b, b-1) Cr, (c, c-1) Ti.
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Fig. 2. FE-SEM micrographs and EDS analysis of the Ni-13Cr-xTi: (a, d, and g) green compacted alloy, (b, e, and

h) sintered alloy, and (c, f, and i) melted alloy.
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Fig. 3. XRD peaks of Ni-13Cr-xTi alloys: (a) Ni-13Cr, (b) Ni-13Cr-5Ti, and (c) Ni-13Cr-10Ti.
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Fig. 4. Vickers hardness graphs of Ni-13Cr-xTi alloys
for green compacted alloy, sintered alloy, and melted
alloy.
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Table 1. The surface roughness values of Ni-13Cr-xTi

alloys. (Unit : Ra (um))
Specimens Ni-13Cr Ni-13Cr-5Ti | Ni-13Cr-10Ti
1 42 43 4.5
2 32 43 4.6
3 32 42 43
4 3.8 4.6 4.1
5 32 42 5.3
6 3.7 3.9 4.8
7 2.6 3.2 4.7
8 3.6 3.9 4.7
9 3.1 3.7 5.6
10 3.8 3.7 5.9
A.v. 34+0.5 40+ 04 48 £ 0.6

Fig. 5. FE-SEM photographs of fracture surface of Ni-
13Cr alloys after bonding strength test: (a, b, and c)
alloy-porcelain fracture surface, and (d and e) porcelain
fractured surface.

Fig. 6. FE-SEM photographs of fracture surface of Ni-
13Cr-5Ti alloys after bonding strength test: (a, b, and
c) alloy-porcelain fractured surface, and (d and e)
porcelain fractured surface.
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Fig. 7. FE-SEM photographs of fracture surface of Ni-
13Cr-10Ti alloys after bonding strength test: (a, b, and
c) alloy-porcelain fractured surface, and (d and e)
porcelain fractured surface.

Table 2. The bending strength of Ni-13Cr-xTi alloys.
(Unit : kgf / mm?)

Specimens Ni-13Cr Ni-13Cr-5Ti | Ni-13Cr-10Ti
1 8.3 10.6 8.8
2 9.2 11.5 9.7
3 9.8 9.7 9.5
Awv. 9.1+0.7 10.6 = 0.9 93 +0.5

Table 3. The mechanical properties of Ni-13Cr-xTi

alloys.
Specimens Ni-13Cr  |Ni-13Cr-5Ti| Ni-13Cr-10Ti
Yield strength
(MPa) 350.0 420.0 850.0
Elastic modulus
(MPa) 75.0 110.0 154.0
Elongation
(%) 18.3 9.3 3.8
Tensile strength
(MPa) 585.5 692.3 1166.0
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el
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=9 A%, 585.4MPa, Ni-13Cr-5Tigt=¢9 749,
6923 MPa, % Ni-13Cr-10Tigd=9 AAU=E=
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