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Mould Interface Observation
of Castable Ceramic Crowns in Casting and Ceramming
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ABSTRACT

Apatite-based glass ceramics were cast and cerammed
within both phosphate-bonded (P) and cristobalite-quartz
(CQ) investments. The former was used after setting
(60 min) and heated from room temperature to 700°C
(kept for 30 min), and the latter was set to furnace (910°C
for 30 min) immeadiately after setting of the investment
mould (setting time; 22 min). The mould interface was
disclosed by electron probe microanalyzer (EPMA) ob-
servation, because apatite-based glass ceramic was cast
and subjected to heat treatment for crystallization at each
selected temperature (890 and 980°C for 2 hr) within a
steel ring including the mould. Both moulds affected
mould interface morphology after casting and crystalliza-
tion, showing that there occurred a smooth surface with-
out a porosity under EPMA observation of the glass
ceramic and CQ mould interface.

INTRODUCTION

Castable glass ceramic was cast into the investment
mould using a lost wax process?, Setting and thermal
properties of dental investments were controlled, impro-
ving the mixing liquid to phosphate-bonded investment
powder (silica, magnesia and phosphate)>*.  Addition of
BN (boron nitride) to the powders gave no adhering oxide
layer on the cast surface of nickel-based alloys, showing
lower maximum surface roughness values of 3.1 to 4.1
pm®. The magnesium ammonium phosphate (poly-
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meric) formed when mixed by H,0O in the presence of
mono-ammonium phosphate (NH;H,PO,) and magnesia
Mg0)®—®.  After casting or crystallizing, the sand-
blasted sample with aluminum oxide particles was conven-

tionally used for cast crown®™!®.

Setting with tempera-
ture increase occurred in CQ mould'! ~!® and mechanical
strength of the mould was enough to cast glass ceramic

9 This study was to examine the mould inter-

sample
face after casting or crystallizing (ceramming) of apatite-

based glass ceramics.

MATERIALS AND METHODS

Wax patterns for ceramic crowns were invested in P
and CQ investment moulds within a steel ring (32 mm
diameter and 50 mm height). Two types of investments
tested were conventional phosphate-bonded investment
(P) and newly developed cristobalite-quartz investment
(CQ) as the mould of cast and cerammed glass ceramics.
The former was mixed with an aqueous colloidal silica
suspension (Shofu Inc, Kyoto) and the latter with special
liquid (A and B) (A liquid (16 mL), pH-adjusted silica sol; B
liquid (1 mL), ammonium aqueous solution). P mould
consisted of refractory fillers and a binder, and the filler is
silica powders in the form of alpha cristobalite (particle
median size; 30 zm) and alpha quartz (10 gm). The
binder consisted of magnesia and a phosphate in P mould.
€Q mould had alpha cristobalite (15 xm) and alpha quartz
(5 #m), and the binder was silica gel which reverted to
silica on heating.  The liquid-to-powder ratio was 0.32 for
the former and 0.34 for the latter. P mould was heated
from room temperature to 700°C after hardening of 60
min. CQ mould was set to burn-out furnace heated to
910°C with a hold time of 30 min immediately after
hardening. The setting expansion was zero and ther-
mal expansion was 2.1% (CQ mould)'. Apatite-based
glass ceramic was experimental 20Ca0/10P,05/10MgO/



10A1,03/50Si0, one, which included B,O4 and CaF, by a

1415 The ceramic

very small amount for crystallization
was cast into P and CQ moulds using vacuum — pressure
casting machine (PROTOTYPE II, J. Morita Co, Kyoto).

A stainless steel die for wax pattern construction (9.89
mm, the lower side; 8.90 mm, the upper side and 9.92
mm, height) approximating crown preparation (maximum

thickness=2.0 mm at the upper surface) was used'®.
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The sprue dimension was 4.0 mm diameter and 10.0 mm
length (ready casting wax, GC Co, Tokyo). After re-
maining the investment powders on the surface, the
sample including an interface between mould and ceramic
was embedded in unfilled resin to observe observe using
electron probe microanalyzer (EPMA-8705, Shimadzu Co,
Kyoto).

crystallization 800°C
o+ e12-890°C
980°C

Fig.1 Schematic figure within the investment mould during heat treatment (ceram-

ming) and ceramming procedure.

Phosphate-bonde
investment

Fig. 2 As-cast sample after casting into P mould. Pr means large-scaled porosity within the castings,

indicating Mg, Si, P and Ca line analysis.

See text for key.
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RESULTS

Fig. 1 shows schematic figure and ceramming proce-
dure for heat treatment of castable glass ceramic within
the mould. After casting the mould was cooled to room
temperature and set to the temperature-controlled fur-
nace (kept at 500°C for 2hr and heated to selected
temperatures 800, 890 and 980°C for 2 hr). Heat treat-
ment was done within the mould (Fig. 1), because the
softening of glass ceramics was observed around 700 to
770°C*Y.  Figs. 2 to 7 show as-cast and thermally-heated

Phosphate-bonded Glass
investment 10 pm —

Fig. 3 Cerammed sample at 800°C for 2 hr (P mould).

samples when cast into P and CQ mould, and represent
line analysis (Mg, Si, P, Ca) and each mapping under
EPMA observation. The investment powders on the
cast glass ceramic surface were remained without elimi-
nating them to observe the investment mould and glass
ceramic interface. In Figs. 2 to 4 (P mould) both small
and very large sizes of porosity (Pr, porosity) was ob-
served near the surface, showing that P mould had less
permeability than CQ mould. In Fig. 5 (980°C for 2 hr, P
mould) crack was observed at the depth of 30 m along
the glass ceramic surface, and Mg, Si and P distribution

Phosphate-bonded Glass
investment 10 gm —

Fig.4 Cerammed sample within P mould (890°C).
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Phosphate-bonded
investment

Fig.5 980°C for 2 hr (P mould).
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10 gm—

Glass 10 gm —
Fig. 7 Thermally-heated sample at 890°C (2 hr) within CQ mould.



was found within the mould and castings, representing that
higher heat treatment of as-cast glass ceramic forms the
crack as compared with that at 890°C. In Figs. 6 and 7
(CQ mould) as-cast and thermally-heated samples (890°C)
had smooth surface and a few investment powders
attached to the surface after ultrasonic cleaning (Fig. 7).
The interface between glass ceramic and mould was
disclosed, showing that cast surface in CQ mould seems to
be more smooth than in P mould (Figs. 2 to 7).

DISCUSSION

Since new apatite-based glass ceramic was devel-
oped'?, it was cast into dental investment moulds.  After
ammonium carbonate aqueous solution was added to each
silica sol, CQ mould hardened associated with the start of
sol-gel reaction (pH=8.0 to 8.5)'Y. As apatite-based
glass ceramic was 1160°C as the melting temperature™?, it
is needed that adhering oxides form little on the cast
surface. The cast sample showed a crack formation from
the surface to the interior when sandblasted with alumi-
num particles'”.  Each mapping of Mg, Si and phosphate
suggests that there appeared an adhering oxide along the
cast glass ceramic surface (Fig. 5, P mould). The in-
vestment including no magnesia and phosphate was thus
needed as an investment mould for casting and ceramming
of this apatite-based glass ceramic.

In this study heat treatment for ceramming was done
using the same as that after casting into CQ mould within
the steel ring (Fig. 1). The ceramming of Dicor ceramic
crown was processed again by embedding in a special
gypsum-bonded investment mould (the chemical consti-
tuents were not described; Dicor, Dentsply Int, York,
Pa)®. The present apatite-based glass ceramic included
both apatite, diopside and beta-tricalcium phosphate in
ceramming selected temperature!?,

P mould had a disadvantage that investment powders
adhered to cast surface and less permeability occurred as
compared with CQ mould (Figs. 2 to 7). Heat treatment
at higher temperature (980°C) exhibited the layer with
heavy distribution of Mg, Si and phosphate elemment
which corresponded to the adhering layer. As apatite-
based glass ceramic included Mg, P and Si, their elements
diffused easily from P mould toward glass ceramic. The
result exhibits that a layer along the ceramic surface with
different distribution of the elements (Mg, Si, phosphate)
forms at inside of the castings. The present CaO/P,05/
MgO/Al,03/Si0, ceramic was cast into CQ mould and
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also cerammed within the same as cast investment mould.
This was different from the Dicor castable ceramic

system®.
SUMMARY

The as-cast and cerammed surface of the cast samples
into P and CQ moulds was examined by EPMA observa-
tion, representing that the interface between mould and
glass ceramic was affected by particle sizes of refracrory
fillers in the form of alpha cristobalite and alpha quartz.
CQ mould with no magnesia and phosphate was available
to cast apatite-based glass ceramic, illustrating that more
smooth surface in CQ mould than P mould formed after
casting and ceramming. The investment mould will be
discussed in near future using various sizes of alpha
cristobalite and/or alpha quartz to develop it for castable
glass ceramics.
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