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Table 1. The composition of Ni-Cr—-Mo based dental alloy according
to addition of Ta and Ni(wt%)

Name
of Ni Cr Mo Ta Fe Nb Al Si Co Mn Sum
Alloys

be® 553 214 93 47 43 32 <10 <05 <02 <01 100
Ta3.7 563 214 93 37 43 32 <10 <05 <02 <01 100
Ta2.7 573 214 93 27 43 32 <10 <05 <02 <01 100
Tal.7 583 214 93 17 43 32 <10 <05 <02 <01 100

Ta0.7 593 214 93 07 43 32 <10 <05 <02 <01 100

* Base composition

Table 2. The composition of Ni-Cr—-Mo based dental alloy according
to addition of Nb and Ni (wt%)

Name
of Ni Cr Mo Ta Fe Nb Al Si Co Mn Sum
Alloys

*

b.c. 5563 214 93 47 43 32 <10 <05 <02 <01 100

Nb22 563 214 93 47 43 22 <10 <05 <02 <01 100

Nbl.2 573 214 93 47 43 12 <10 <05 <02 <01 100

Nb0.2 583 214 93 47 43 02 <10 <05 <02 <01 100

* Base composition



Table 3. The composition of Ni-Cr—-Mo based dental alloy according
to addition of Fe and Ni(wt%)

Name
of Ni Cr Mo Ta Fe Nb Al Si Co Mn Sum
Alloys

be® 553 214 93 47 43 32 <10 <05 <02 <01 100
Fe33 563 214 93 47 33 32 <10 <05 <02 <01 100
Fe23 573 214 93 47 23 32 <10 <05 <02 <01 100

Fel3 583 214 93 47 13 32 <10 <05 <02 <01 100

* Base composition

Table 4. The composition of Ni-Cr-Mo based dental alloy

according to addition of microelement and Ni(wt%)

Name
of Ni Cr Mo Ta Fe Nb Al Si Co Mn Sum
Alloys
be 553 214 93 47 43 32 <10 <05 <02 <01 100

Si0 5583 214 93 37 43 32 <10 0 <02 <01 100

5i0.27 5556 214 93 27 43 32 <10 027 <02 <01 100

Co0 5550 214 93 17 43 32 <10 <05 0 < 0.1 100

Mn0 5542 214 93 07 43 32 <10 <05 <02 0 100

Al0 5625 214 93 47 43 32 0 <05 <02 <01 100

* Base composition



Table 5.

The final composition of Ni-Cr-Mo based dental alloy

with low hardness value in this study(wt%)

Name
of
Alloys

Ni Cr Mo Ta Fe Nb Al Si Co Mn Sum

Ta0.7

Ta0.7-1

5930 214 93 07 43 32 <10 <05 <02 <01 100

6366 214 93 07 33 02 <10 <05 <02 <01 100
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Algel AHgEs Ee gadas Agolagsiz=E ol &ste] 10
torr®] & BhollA] AARE FHlo] W2 wom AP F ddsA &
7F HEE de 2 5o] Hau ASEs 3 HA7IHA 6
3oy, =7kt F3o AAE copperE o] &3la WS E o] &3}
o] gelld AR} copperel DEEA FEE AT Fx A FiSE
2ol & Qg HA & AATHY] fl8te] &2 ol F3(ingot)= &3
¥ 3 EE ¥ ¥ Z(Lindberg/Blue, Lindberg, Co., Ltd.,, US.A)E o]&
gkel 900 CTellA 60 #3F FA3 & A9 Tl FWste] A3 A
] 3} 9 tH(Figure 1).

Figure 1. Picture of experimental alloys ingots used in this study.
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Figure 2. Photo of X-ray diffraction analyzer for measuring

phases of experimental alloys.



=

22. w&5x4 AZF
il

oA & o] &8} #2000M7hA] 54 Avkdk &, polishing
Z(_]

>,
r
rlo
%
@

cloth®t 0.5 ym aluminag ©]-&3lo] mA AvtslArt mlA =

S F-2 e S/ 60 mlel HNO; 10 ml¢t HCl 40 mlE E3ste] Alx

%)
stk TAALS 98l vA Avkd AEAES WA FA e 0% 1 =
A7 H, =2 AR & 353w 4 (Optical microscope, Olympus
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Figure 3. Photo of optical microscope for measuring metallurgical

micro-structure analysis.
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Figure 4. The photo of Vickers micro hardness tester.
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Figure 5. The photo of specimen for tensile strength test.

Figure 6. The photo of universal testing machine.
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Figure 7. The photo of thermal properties analyzer.
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Figure 8. The shematic diagram of specimens for metal-ceramic

bond characterization test.
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Figure 11. XRD patterns of experimental Ni—Cr-Mo alloys depend on
addition of Ta.
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Figure 12. XRD patterns of experimental Ni-Cr—-Mo alloys depend on
addition of Nb.
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Figure 13. XRD patterns of experimental Ni-Cr—-Mo alloys depend

on addition of Fe.
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Figure 14. XRD patterns of experimental Ni-Cr-Mo alloys depend
on addition of Al, Mn, Co.
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(a) b.c.—a : Gamma phase, (b) Ta3.7

b : Gamma prime

(c) Ta 2.7 (d) Tal.7 (e) Ta0.7

Figure 16. Microstructure of experimental Ni-Cr—-Mo alloys.
(a) b.c, (b) Ta3.7, (c) Ta27, (d) Tal.7, (e) Ta0.7.



(a) b.c.—a : Gamma phase,

b : Gamma prime

(b) Nb2.2 (c) Nb1.2 (d) Nb0.2

Figure 17. Microstructure of experimental Ni-Cr—-Mo alloys.

(a) b.c., (b) Nb2.2, (c) Nbl.2, (d) Nb0.2.

(a) b.c.—a : Gamma phase,

b : Gamma prime

(b) Fed.3 (c) Fe2.3 (d) Fel3

Figure 18 Microstructure of experimental Ni-Cr—Mo alloys.
(a) b.c, (b) Fed.3, (c) Fe2.3, (d) Fel.3.




(a) AlO.O (b) Mn0.0 (c) Co0.0

(d) Si0.54 (e) Si0.27 (f) $i0.0

Figure 19. Microstructure of experimental Ni-Cr—-Mo alloys.

(a) A10.0, (b) Mn0.0, (c) Co0.0, (d) Si0.54, (e) Si0.27,
(f) Si0.0.
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Figure 20. Tensile strength and hardness according to Ta contents.
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ABSTRACT

Influence of elements additions on
microstructure and mechanical

properties of Ni-Cr—Mo alloy

Youhwa Kang
Department of Dentistry
The Graduate School

Yonsel University

(Direct by Professor Kyoung-Nam Kim)

Although non-beryllium containing Ni—-Cr—-Mo alloys present a
problem of castability, these materials frequently are used in
metal-ceramic restorations because of their low cost.

Recently, the CAD/CAM method represents a great advancement
over casting technology. However, the poor machinability of Ni-Cr base
dental alloy is an obstacle to practical dental application.

In this study, the microstructure and mechanical properties of a
series of Ni-Cr-Mo base alloys with changing Tantalum(Ta), Niobium
(Nb) and Iron(Fe) contents were investigated.

The purposes of this study is to develop Ni-Cr-Mo alloys containing
Ta, Nb and Fe with superior properties than commercial products.

This study evaluated the phase and structure of Ni-Cr-Mo based



alloys, X ray diffraction(XRD) analysis was carried out to observe the
phase and structure of Ni-Cr—Mo based alloys, and optical microscope
was used for observation of microstructure of the etched alloys. Also
hardness, tensile strength, thermal expansion and metal-ceramic bond
characterization were tested. Representative X-ray diffraction patterns
was noted that new precipitation of gamma prime phase was increased
as the content of Ta and Nb were increased.

Microstructure were able to confirm similar results in X-ray
diffraction.

The tensile strength and micro—hardness were increased with
increasing Ta and Nb contents. However, when Fe contents were
increased, hardness and strength were decreased. After heat treatment,
micro—hardness were greatly increased with increasing Ta, Nb different
tendency where it was increased with higher iron contents even when
its higher than 2.5 %.

Thermal expansion coefficient of the appropriate values at each
composition showed.

Metal-ceramic bond characterization of the appropriate values at
each composition showed. The grinding rate of Ni—-Cr—-Mo alloys
showed a similar tendency to the micro—hardness. The alloy containing
Fe exhibited the best mechanical property for machinability, especially
at 0.7 wt% of Ta, 3.2 wt% of Nb and 4.3 wt% of Fe contents.

From the above results, it is considered that Ni-Cr-Mo alloys, by
adjusting the strength and hardness, depending on the content of Ta,

Nb and Fe, be able to develop casting and machining Ni—-Cr—Mo alloys.



Keyword : Ni-Cr—Mo alloy, Tensile strength, micro hardness, grindability



