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Abstract
The study is to evaluate and compare the Diametral Tensile strength of Phosphate bonded
Investment materials (Wirovest, Cromocasting Fast and Accuvest) after drying by Air dried method,
Conventional Hot air oven method and Microwave oven method.
A total of 90 cylindrical specimens were prepared from three different commercially available
phosphate bonded investment materials. Thus 30 samples for each material were prepared and 10
of each were Air dried for 60 minutes, 10 were dried in a Conventional Hot air oven for 60 minutes
t 265 c to 300 ˚c nd 10 were dried in Microw ve oven with 600 w tts t frequency of 2450 MHz
for 10 minutes. All the samples were subjected to diametral compression test using a computer coordinated Universal testing machine at 2 hour interval at a crosshead speed of 0.5 cm/min.
The results illustrate that the method of Microwave drying of the samples of all the materials
could withstand high compressive loads when compared to the other two methods i.e., Air dried
and Hot air oven dried methods respectively. And the material Wirovest is considered to be the one
with high diametral tensile strengths of all the compared phosphate bonded investment materials.
Within the limitations of this study, the Mean Diametral tensile strengths of the Microwave oven
dried samples were highest, followed by the Hot air oven dried samples and Air dried samples. The
Mean Diametral tensile strengths of the Wirovest material show highest values than Cromocasting
fast investment material and Accuvest material.
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Introduction
The strength of the refractory cast made
of Phosphate bonded investment materials for
the fabrication of a partial denture framework
must be adequate to prevent fracture or chipping
during burnout and casting procedures1, in order
to with stand the impact of molten alloy.
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Phosphate bonded investment materials
are familiar and versatile dental materials, first
patented for use in dentistry by Moore and Watts
in 1949. Their use in the construction of
removable partial denture frameworks was
described by Earnshaw2 in 1960.
There are various methods to increase
the strength of the investment materials. Craig M
Powers3 suggested Air dried method which is
time consuming.
Kenneth L.Stewart 4 suggested Hot air
oven drying t 265°c to 300 ˚c for 60 to 90
minutes and Leubke R.J5 suggested Microwave
drying at power of 600 watts for 10 minutes.
However Investment Materials are brittle
materials6 which are weaker in tension than in
compression which may contribute to failure of
material in service.
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The purpose of this study is to compare
the influence of other methods of drying the
investment material to the conventional Air drying
method and their effects on the diametral tensile
strength (DTS) of three commercial available,
Phosphate bonded investment materials.
Materials and methods
According the ADA specification number
25, eight metal dies were made out of 304
stainless steel rod, with dimensions of 40 mm of
length and 20 mm of diameter. A ring of size 45
mm of height and 100 mm diameter from 304
stainless steel pipe was cut .Care was taken so
that all the dies had parallel ends. (Figure 1)

Figure 2. Samples Retrival.
For the Air dried method, the samples
were wrapped in aluminium foil and stored for 2
hrs in open air and were tested for diametral
tensile strength3. For the Hot air oven drying
method, the samples were placed in an oven for
60 minutes t 230˚c for drying5 after which they
were wrapped in aluminium foil and kept for
bench drying for 2 hours. For the Microwave
oven drying, the samples were placed in an oven
for 10 minutes using an output of 600 watts,5 a
200ml cup of water was placed in the oven to
protect the Magnetron. After that they were
wrapped in aluminium foil and kept for bench
drying for 2 hours before testing the Diametral
tensile strength.

Figure 1. Duplicating mould and dies.
These dies were fixed onto a glass slab
with cyanoacrylate drop with even distribution
within the ring5. An Addition Silicone - Unisil was
mixed in vacuum mixer with the ratio of 1:1 and
poured on a vibrator into the ring. The mold with
dies is left to under go complete polymerization
for 48 hours at room temperature. There after the
dies were removed using a jet air spray. (Figure
2)
Each phosphate bonded investment
material selected for the study was weighed
c refully to follow the m nuf cturer’s directions
for liquid powder ratio of 60ml/400gm. (Table I)
The materials were vacuum mixed for 20
seconds and gently poured into the mold
obtained placed on a vibrator. After the mold was
completely filled a flat surfaced glass slab is
placed on to ensure even ends of the samples.
After the initial setting time the samples were
removed carefully without causing any damage.
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Figure 3. Universal Testing machine.
All the samples so prepared were
subjected to diametral compression test using a
computer co-ordinated Universal testing machine
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by DAK Systems,Mumbai. (Figure 3) This mode
of testing is an indirect tensile strength
measuring test and the results so obtained were
used to calculate the diametral tensile strength.
After the DTS values were calculated and
the mean and standard error was calculated for
all the samples. The method of Statistical
Analysis used in this study were One way
analysis of variance and Two way analysis of
variance to test the difference between groups.
Calculation of Diametral tensile strength2
(DTS):
The formula used σх =2P / ∏dt
The tensile stress ‘σх’ ,Lo d pplied ‘P’ in
compression ‘d’ is the di meter of the specimen
nd ‘t’ is the thickness of the specimen.

Table 2. Anova: two factor without replication
Summary.

Results
Among all the drying methods, the
Microwave oven dried samples had the
maximum compressive load bearing capacity,
which is followed by Conventional Hot air oven
dried and Air dried samples.
The material Wirovest showed high
Diametral tensile strength values than Accuvest
and Cromocasting fast.

Table 3. Anova two way factor without replication.
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Table 1- shows the materials and the
manufacturers recommendations to use them.
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Table 2- shows the Anova Two factor without
replication - Summary.
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Table 3- shows the Anova Two way factor
without replication.
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Bar Diagram 1. Column Chart for three Methods.
(1- Air dried, 2- Hot air oven, 3- Microwave oven)
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Table 1. Materials and the manufacturers
recommendations.
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Bar Diagram 2. Column Chart for Each Material.
Bar Diagram 1. shows the column chart
for the three methods in which the X axis
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represents the methods and the Y –axis
represents the Diametral tensile strengths in Mpa.
Bar Diagram 2. shows the column chart
for the three materials in which the X axis
represents the materials and the Y –axis
represents the Diametral tensile strengths in Mpa.
Discussion
The Accuracy of a partial denture
framework is affected by many variables such as
the total compensating expansion of the casting
investment7,8,9 the duplicating material, the
compressive strength of the investment at the
casting temperature10 and the technique of
handling the materials11..
Many years of dental application have
made phosphate bonded investments a familiar
and versatile class of materials used in the
laboratory. The present study was to compare
and evaluate the Diametral Tensile strengths of
three different commercially available Phosphate
bonded Investment materials, after drying by
three Methods i.e., Air dried, Hot Air Oven Dried
And Microwave Oven Dried Methods.
Luebke and Schneider5 tested the
compressive strength of various dental stones
using air conventional oven and micro wave oven
drying which was also conducted at a high power.
They found that the microwave and oven drying
methods produced similar compressive strength
results.
Tuncer12 et al observed the optimal length
of drying time and degree of power for the
microwave drying method. Type III and Type IV
dental stones and a type III investment material
were studied .The results showed that after 24
hrs Compressive strength values of the two
gypsum products did not show much difference ,
but the investment subjected to 2 hour lowpower microwave oven drying had a higher
compressive strength
than the air dried
specimens.
Senay canay13 et al compared the
diametral tensile strength of phosphate bonded
investment materials by conventional dried and
microwave oven dried methods and found higher
DTS values for microwave dried specimens. The
study was performed at two intervals i.e., 2 hours
and 4 hours but no significance of time is
observed.
The present study conducted to find out
compressive strength of three different
Volume ∙ 4 ∙ Number ∙ 2 ∙ 2011
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investment materials (Wirovest , Cromocasting
fast and Accuvest ) when dried by the Microwave
oven method ,when compared to the Air dried
and Hot air oven dried methods at a 2 hour.
Conclusions
Within the limitations of this study the
following conclusions can be drawn. The Mean
DTS of the Microwave oven dried samples
showed highest values followed by the Hot air
oven dried samples and Air dried samples. The
Mean DTS of the Wirovest material used were of
highest values followed by Cromocasting fast
investment material and Accuvest material .
Microwave oven use is considered to be
acceptable time saving procedure for drying any
investment material, when compared to the use
of other mehtods. It not only saves the time but
also increase the strength of the Investment
material.
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