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Summary

We analyzed the external defects of castings with mesh grid patterns with 3 different kinds
of phosphate bonded casting molds with 2 parameters (sprue diameter and casting pres-
sure). Castability with pure titanium was affected by the parameters of sprue diameter, and
casting pressure with different casting molds. The sprue condition was the most affective cast-
ing condition in the all directional pressure type casting machine. In 2 types of casting molds,
one was strongly affected by the casting pressure in castability and the other was scarcely af-
fected by the casting pressure. The former type of casting mold had a low permeability.

Introduction

These are many studies"?

about castability of titanium.We have been analyzed the most optimal con-
ditions in pure titanium castings to produce the complete castings without any defects nor shrinkage
for years. We reported the tendencies in all directional pressure type casting machine that the high per-
centage of castability was gained”with high pressure of casting and low permeability of casting mold®.
We wish to make it easy to cast for titanium in daily practice,they have applied the all dircctional pres-
sure type casting machine to analyze the conditions of the sprue diameter and casting pressure on the
castability evaluated in mesh grid pattern with three phosphate bonded investment of different perme-
ability. The purpose of this study was to evaluated the external defects of castings with mesh grid pat-
terns produced under 3 different kinds of phosphate bonded investments with the different sprue di-

ameter and casting pressures.
Materials and Methods

1. Materials employed in this study
Materials employed in this study are shown in Table 1. JIS grade I pure titanium (diameter : 25 mm,
height : 9 mm, weight : 20.026 + 0. 033 g ; Kobe Steel Ltd.) was used. Three kinds of metal sprues
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Table 1 : Materials and method

Casting machime All-Directional pressure type GC
AUTOCAST HC-TI
Wax pattern RNI DENTAURUM
Sprue 6 0.88,1.26,2.11 mm Murakami
Length 5mm
. T-invest (L/P ratio=0.13) GC
(Phlc\)iOl}?aI::if;:}a(lie Q T-invest C&B (L/P ratio=0. 14) GC
P MybestT-T (L/P ratio=0.15) SSS
Casting pressure 2,4,6,8kgf/cm?
Titanium JIS Grade 2 (KS—50) Kobe Steel Ltd.

with diameters of 0. 88, 1.26 and 2.11 mm were used. Each sprue had a length of 5 mm. The distance
to the pattern from the bottom of the casting mold was set at 10 mm. Three types of phosphate bonded
casting molds with different permeabilities were employed in this study ; including T-INVEST (Phos-
phate bonded, GC Co.), T-INVEST C&B (Phosphate bonded, GC Co.) and MYVEST-T (Phosphate
bonded, SSS Co.). An all directional pressure type casting machine (AUTOCAST HC-1I : GC Co.)
was regulated to casting pressures from 2, 4, 6 to, 8, kgf/cm’, which were set according to at least one of
the manufacturer's instructions.
2. Test samples

1) Wax patterns

Mesh grid type patterns were employed in pure titanium castability reported by Kuroiwa®. Mesh
grid wax patterns (RNII : DENTAURUM Co.) werecutin 7 by 7 grids which were attached to the
ready casting wax (R 20 : GC Co.) as runner bars then sprued to the crucible formers (Fig.1).

2) Preparation of cast ring, investing and casting.

Since the casting molds, T-INVEST and MYBVST-T, were originally developed for ringless castings,
T-INVEST C&B was also used in a ringless condition applying the paper former as a temporary ring
developed by Inoue®. This paper ring was specially conditioned by soaking bee's wax for 10 seconds to
purge any water from the casting mold without

changing the Liquid/Powder ratio. Height of Pattern-Mold

every paper ring was set at 60mm. The L/P ratio ' 4___._.bo“om distance
and investing conditions in ring furnace of molds : 10mm
were executed according to the manufacturer's
instructions (Fig.2). < Mesh grid

3 ) Assessing the castability and Statistical P:atlt;r;](wmm
analysis

. . Sprue
Cast were done 5 times for each condition. «— Length:5.0mm

Castability was calculated by the previous
method*®. Results were statistically analyzed for
mean, standard deviation and coefficient of vari-

ation. Simple regression curve and correlations ’_ ‘)
between the parameters of castability and cast-

ing pressure were determined. Fig.1 : Schematic illustration of investing

condition and mesh grid pattern
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Fig. 2 . Heating mode of the casting molds

Results

Castabilities and their simple regression curves of T-INVEST are shown in Fig. 3. Mean, standard de-
viation, coefficient of variation and coefficient of correlation in castability are shown in Table 2. Castabil-
ity with the sprue condition of 0. 88mm was less than 20%. Under the sprue condition of 1.26 mm, it
was gained 71. 07% with a casting pressure of 2 kgf/cm’, and 93. 21% with a casting pressure of 8 kgf/
cm’. Castability showed 100% with the sprue of 2. 11mm. There was no correlation between castability
and the casting pressure. The castability and its regression curve of T-INVEST C&B are shown in
Fig. 4. The mean, standard deviation, coefficient of variation and coefficient of correlation are shown in
Table 3. Though a positive correlation between the castability and the casting pressure was demon-
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Fig. 3 © Effect of spure diameter and casting Fig. 4 : Effect of spure diameter and casting

pressure on the castability pressure on the castability
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Table 2 : Effect of sprue diameter and casting pressure on titanium castability in T-INVEST

Casting pressure (kgf/cm?)

Sprue diameter 2 4 6 8
0.88 mm Mean 16. 43 9. 64 11.43 17.14
SD 14. 85 10. 83 18.11 13.87
Ccv 90. 38 112.34 158. 44 80.92
Correlation coefficient 0.14
1.26 mm Mean 71.07 89. 29 73.93 93.21
SD 24.07 7.25 16.00 14.19
Cv 33.87 8.12 21.64 15.22
Correlation coefficient 0.60
2.11 mm Mean 100 100 100 100
SD 0 0 0 0
Ccv 0 (] 0 0
Correlation coefficient -
Mean,CV : (%) n=5
Table 3 : Effect of sprue diameter and casting pressure on titanium castability in T-INVEST C&B
Casting pressure (kgf/cm®)
Sprue diameter 2 4 6 8
0.88 mm Mean 14.29 10.71 54.29 69. 64
SD 22.29 18.56 22.89 27.52
Ccv 155. 98 173.30 42.16 39.52
Correlation coefficient 0.92**
1.26 mm Mean 82.50 99. 64 100 100
SD 14.25 0.80 0 0
CvV 17.27 0.80 0 0
Correlation coefficient 0.79
2.11 mm Mean 87. 86 99. 64 100 100
SD 11.11 0.80 0 0
(2% 12.65 0.80 0 0
Correlation coefficient 0.78

strated, castability was merely 69.64% with in-
complete castings even with the highest pressure
of 8 kgf/cm” Under 2 kgf/cm’® pressure, castabil-
ity showed more than 80% with 1.26mm and
2.11mm sprue conditions. It also showed 100%
with complete castings at pressures greater than
6 kgf /cm’. The castability and its regression
curve of MYVEST-T are shown in Fig. 5. The
mean, standard deviation, coefficient of variation
and coefficient of correlation are shown in Table
4. A positive effectt was demonstrated of high
casting pressure to the castability when the
sprue diameter was 0. 88 and 1. 26mm. No com-

Castability(%)

Mean, CV : (%)

n=5 *'P<0.05

0.88mm
1.26mm
2.11mm

MYVEST-T
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Fig. 5 | Effect of spure diameter and casting
pressure on the castability
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Table 4 : Effect of sprue diameter and casting pressure on titanium castability in MYVEST-T

Casting pressure (kgf/cm?)

Sprue diameter 2 4 6 8

0.88 mm Mean 7.86 35.36 73.93 79.29

SD 17.57 33.82 21.34 35.12
- CV 223.54 94. 34 28.87 44.29

Correlation coefficient 0.97*

1. 26 mm Mean 44.64 83.22 86.43 100
SD 15. 87 16.92 14. 32 0
(0% : 35.55 20. 33 16.56 0
Correlation coefficient 0.92**

2.11 mm Mean 92. 50 100 100 100
SD 8. 96 0 0 0
Cv 9.69 0 0 0
Correlation coefficient 0.77

Mean,CV: (%) n=5 *P<0.01, **P<0.05

plete castings were gained at the sprue of 0. 88mm at any pressure conditions. Complete castings were
accomplished at the sprue of 1. 26mm with the highest pressure of 8 kgf/cm”. With the sprue condition
of 2. 11mm, castability showed 92. 50% at 2 kgf/cm® and 100% at 4 kgf/cm® A positive correlation was
demonstrated between casting pressure and castability in sprue conditions of 0.88mm and 1.26mm
analyzed by the simple regression curve.

Discussion

The goal of this study was to examine the use of titanium casting in daily practice. We applied the all
directional pressure type casting machine to analyze the conditions of the sprue diameter and casting
pressure on the castability evaluated in mesh grid patterns with 3 phosphate bonded casting molds of
different permeabilities.

1. Influence of the sprue diameter

High percentage of castability was gained according to the enlargement of sprue diameter. The ratio
between the volume of sprue and outer surface of sprue (Volume Surface Ratio ; V/S ratio), was 0. 246
with a sprue of 0. 88mm, 0. 315 with a sprue of 1. 26mm and 0. 527 with a sprue of 2. 11mm. Increases of
sprue diameter corresponded with the volume of sprue compared to outer surfaces. Increases of the
heat capacity of molten titanium caused the melting time to be prolonged, and a high percentage of cas-
tability was gained. This finding corresponded with the report of the vacuum and pressure type casting
machine by Kuroiwa®. The diameter of sprue size should be a practically acceptable, since the labora-
tory work such as cutting and finishing are easily done with rather fine sprues. Therefore, the size of
sprue should be as thin as possible to prevent defects. Since the castability of pure titanium was evalu-
ated with mesh grid pattern objectives in this present study, the conditions of sprue diameter were not
precisely defined. It is our duty to differentiate the conditions for complete castings in cases of clinical
forms such as crowns and bridges and cast frameworks in dentures.

2. Casting pressure

Positive correlations between the castability and casting pressure were observed in T-INVEST C&B
with a sprue of 0. 88mm and MYVEST-T with a sprue of 1. 26mm. This indicates the prompt intrusion
of molten titanium to the mold caused by the increasing pressure and the amount of the molten metal
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per second increased to shorten the casting time. This tendency corresponded” with the conventional
dental alloys. No positive correlations are observed in T-INVEST with a 0. 8mm sprue at any casting
pressure. Castability was less than 10% at any condition. Though slight positive increases were ob-
served in castability with a sprue of 1. 26mm, no positive correlations were observed between castabil-
ity and casting pressure. Influence of the permeability of the casting mold especially the one at the sur-
rounding wall of the mold acted as separating walls in the single casting chamber in this type of all di-
rectional pressure type casting machine. With the casting mold of high permeability, prompt*” equaliza-
tion of differential gas pressures of Argon occurred between the casting chamber and casting mold
causing the casting force to fail. The permeability® with 3 different casting molds is shown in Fig. 6.
The lowest one was in T-INVEST C&B, then MYBVST-T and T-INVEST was the highest. In case of
T-INVEST with the sprue of 0. 88mm, no changes were observed according to the various conditions of
casting pressure. It was thought that even with a high casting pressure, differential pressure initiating
the casting force would disappear before the internal pressure in the casting chamber reached to 2 kgf
/cm?, which is necessary for casting. High score of casting percentage was gained with the sprue of 2. 11
mm in all 3 casting molds. This indicates positive influence of the sprue diameter. All results were com-
firmed by 3 way analysis of variance : castability was considered dependent variable and sprue diame-
ter, casting pressure and difference of casting molds as independent variables (Table 5). The value of
ratio of contribution showed the greatest among three facters with regards to sprue diameter. These
statisfical analysis indicate that the castability firstly affected by sprue diameter, then by the casting
pressure and difference of casting molds. This opinion corresponded with the present one. Castability
was affected by the casting mold used even in the same casting conditions. For the purpose of equaliz-

. T-INVEST

MY VEST-T

T-INVEST C&B

! 1 1
0 0.5 1.0 1.5 20

Permeability (cm3/sec2) X106

Fig. 6 . Permeability of three different molds

Table 5 © Analysis of variance on sprue and pressure and investment

Source Sum of squares Degrees of Mean square F value Rat-lo OF
freedom contribution

A:Sprue 130269. 00 2 65134. 300 272.07* 57.26
B: Pressure 24219. 90 3 8073. 300 33.72* 10. 35
C:Investment 3081.01 2 1540.510 6.43* 1.14
AxB 7963.91 6 1327. 320 5.54* 2.85
AxC 11504. 20 4 2876.040 12.01* 4.63
BxC 10250. 30 6 1708. 390 7.14* 3.86
AxBxC 4853. 65 12 404. 471 1.69 0.00
Error 34473.50 144 239. 399 19.91
Total 226615. 00 179 100. 00

'P<0.01
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ing the conditions, 3 types of phosphate bonded casting molds are tested in the present study. Differ-
ences of the binders in composition and weight ratios of various compounds should be evaluated for gas
outbreaks due to the casting mold®. It was confirmed that the castability in pure titanium was affected
by the casting pressure and the permeability of casting molds. It was strongly suggested that the sprue
diameter was a positive factor for high performance of castability.

In conclusion :In this present study we analyzed the external defects of castings calculating the cas-
tability with mesh grid patterns produced with 3 different kinds of phosphate bonded casting molds
with the parameters of sprue diameter and casting pressure. The following conclusions were estab-
lished :

1. Castability with pure titanium was affected by the parameters of sprue diameter, casting pressure
and the difference of casting molds. Among them the sprue condition had the greatest influence.

2. In the all directional pressure type casting machine, 2 types of casting molds were observed, one
was strongly affected by the casting pressure in castability and the other was scarcely affected by
the casting pressure. The former type of casting mold had a low permeability.
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