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Abstract. Microstructure of the dental aloy Ni-Cr-Mo
(Rodent) after casting in the vacuum-pressure furnace has
been examined. Chemical anadysis by using energy
dispersive spectroscopy as wel as crystallographic
orientations topography by using backscattered electron
diffraction in the scanning eectron microscope was
caried out. It was found that after casting the
microstructure consists of dendrites of solid-solution
strengthened nickel—chromium matrix (y phase). Inside
the dendrites the precipitations of molybdenum silicides,
eutectics y—P and few particles of aluminum oxide were
observed.
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1. Introduction

We observed the rising interest in cobalt-chrome
and chrome-nickel alloys since they became available for
dentists which used them for casting removable partial
dentures. At present these alloys replaced the gold type
IV, and almost al of the frame dentures are performed at
them.

Furthermore these materials are used also as
substitutes for gold alloy type 111 [1]. Chrome-nickel and
chromium-cobalt aloys are also used in metal-ceramic
prosthetic restorations.

New dental casting aloy Ni-Cr-Mo (Rodent) has
been developed for permanent, porcelain faced dentures at
the Meissner Higher School of Dental Engineering in
Ustron.

Its chemical composition fulfills the requirements
of the European standard ADA. Nevertheless both the
chemical composition, the microstructure and hardness
dightly differ from other dental alloys of the same

type[2].

2. Experimental

The Rodent for testing was obtained by melting the
original aloys. At first a prototype was made of wax then
the mold was prepared. Casting and annealing of the mold
were performed in a vacuunv/pressure furnace.

Examinations of the microstructure were carried
out using optical microscope Leica QWin and the
scanning electron microscope SEM XL30, Philips. In
order to illustrate microstructures (the phase contrast and
crystallographic orientation maps) backscattered electrons
(BSE) and diffractions of them (EBSD) in SEM were
used. For observations of surface morphology the
secondary eectrons (SE) were used.

Microsections of samples were prepared by
grinding with abrasive paper and then polished using
diamond pastes of decreasing grit (up to 0.25 um).
Electrolytic polishing and etching were carried out in the
reagent composed of: 100 ml of HCrO, perchloric acid
and 900 ml of CH3;COOH acetic acid, at the voltage of 20
and 13V, respectively.

The chemical composition of the Rodent alloy was
tested in XL30 SEM, Philips by EDS Link ISIS X-ray.
The share of alumina was calculated using appropriate
software QWin Leicafor optical microscope.

X-ray phase anaysis was carried out with the help
of PW1710 diffractometer (Philips), CoKa.

3. Results and Discussion

The chemical composition of the Rodent alloy is
shownin Table 1.

Microstructure after casting of Rodent consists of
graing/dendrites sizes up to a few hundred micrometers.
Second phase precipitations that originated during alloy
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solidification as a result of a superfusion on growing
dendrites boundaries are uniformly distributed inside the
grains (Fig. 1a).

Table1

The chemical composition of the Rodent alloy

The content of dements, wt %
Ni Cr Mo S Fe
627+02 | 243+0.1 | 102+01|17+01|11+01

The matrix of the aloy is the solution of chromium
and molybdenum in nickel, crystallizes as FCC austenite (y
phase, Fig. 1b). EDS'SEM investigations have revedled that
mainly precipitations of three phases are dispersed in the
matrix. These are eutectics y-P (shown in Fig. 1b as A),
precipitations of molybdenum silicides (marked as B) and

Fig. 1. The microstructure of the Rodent alloy:
light microscope (a) and SEM (b).
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precipitations of alumina (marked as C). Very few particles
of aumina are evenly distributed in the matrix, and their
global share was estimated at approximately of 0.1 %. The
chemical composition of the matrix and the main
precipitates of the Rodent aloy are shown in Table 2. In
comparison with matrix the phase P contains 2.5 times
more Mo, while the precipitations of molybdenum silicide
contain 5 times more Mo, 4.4 times more Si and 1.9 times
lessNi, 1.5timesless Cr aswell as4 timesless Fe.

Figs. 2-4 show the microstructure images of the
Rodent achieved under BSE, SE and as results of
chemical microandysis EDS/SEM within the preci-
pitations. The obtained data confirm the presence of
alumina particles (Figs. 3a, b), y—P eutectics (Figs. 3c, d)
and the precipitations of molybdenum silicide (Figs. 3e, )
in the matrix of y phase (Figs. 3c, d).

Fig. 2. The microstructure of the Rodent alloy:
BSE mode (a) and SE mode (b).

Fig. 3. Chemical composition maps, the arealis shown in Fig. 2.
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Table 2
The chemical composition of the matrix and the main precipitates of the Rodent alloy
The content of elements, wt %
The place of research N or Vo 5 Fo
g-P phase (place A) 51.4+0.2 22.4+0.1 21.9+0.2 36201 0.7+0.1
molybdenum silicides (place B) 34.5+0.2 16.7+0.1 42.4+0.2 6.1+0.1 0.3+0.1
y phase (matrix) (place D) 64.4+0.2 24.5+0.1 85+0.1 14+0.1 1.2+0.1
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Fig. 5. The crystalographic orientation topography obtained by the EBSD/SEM method (a),
of disorientation angle across the boundary of two grains (line 1-1) (b) and variation of disorientation angleinside thegrain (line 2-2) ().
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Fig. 5 shows the crystalographic orientation
topography obtained by the method of EBSD/SEM.
Changes of disorientation angle through boundary of two
grains (line 1-1) as well as variation of disorientation
angle inside the grain (line 2-2) are shown. Generally the
grain/dendrites boundaries are characterized by rather
high disorientation angles, when microstructure inside the
grains is characterized by very small changes of
orientation (< 1°), which indicates alack of cell structure.

It should be noted that microstructures evolution of
Ni-Cr-Mo type aloys is complicated due to the potential
formation of intermetallic topologically closed packed
(TCP) phases such as tetragonal o, hexagonal x and
orthorhombic P that are stahilized by the presence of Mo
[3]. Generally speaking, al of them are undesirable
because their complex crystal structure leads to limited
dip systems, which make these phases brittle and can lead
to toughness and ductility reduction if they are present in
the material in too high proportions.

Furthermore, their high Cr and Mo contents will
reduce the concentration of these components in the
austenite matrix, thereby reducing resistance to corrosion.
The u and P phases are particularly enriched in Mo
(chromium content remains like in the solution), and the o
phaseisrichin Cr [4].

4. Conclusions

Microstructure of the Rodent after casting is
composed of large graing/dendrites of the austenite matrix,
which is the solid solution of nickel strengthened by
chromiumand molybdenum. The matrix is additionally
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strengthened by dispersed particles of molybdenum
silicide. A small number of carbide and aluminum oxide
particles were also observed. The presence of eutectics y—
P rather weakens the structure of the alloy.
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MIKPOCTPYKTYPA CTOMATOJIOT'TYHOI'O
JIUTOI'O CIIJIABY POAEHT HA OCHOBI Ni-Cr-Mo

Anomauia. [ocniodxiceno MIiKpoCmpyKmypy cmoma-
monoziunozo cnaagy Pooenm mna ocnoei Ni-Cr-Mo nicas
aumms 'y 6axkyym-neui. 3a 0onomoeon memooy eHepeo-
OUCNEePCIUHOI CNEeKMPOCKONIT NPoeedeHo XiMIuHULL aHali3, a
3@  00nomo2ot0  Ou@pakyii  360pOMHLO  8i00OPANCEHUX
€/IeKMPOHI68 8 PACHPOBOMY  €NeKMPOHHOMY  MIKPOCKONI
npoeedero monocpaghito Kpucmanozpagiunoi opienmayii.
Bcmanoeneno, wo nicis aumms Mikpocmpykmypa micmums
OeHopumu meepoo2o pPO3YUHY, WO 3MIYHIOMb HIKeIb-XPOM
mampuyio (y-pasy). Iokaszano, wo ecepeduni OeHOpumie
cnocmepieaiomocs 8UOiNeHHA Kap0idie MoiO0eny, egmex-
muka y-P i dexinbka uacmunok okcuody amomitiro.

Knrouosi  cnoea.
JAO2IYHUL CRIAG, TUMMAL.
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