
ABSTRACT

Purpose: This study compared surface characteristics of Titanium(Grade IV) casting pre and post sandblasting 

with three powders , Aluminium oxide, Glass beads and 1:1 mixture of aluminium oxide and glass beads, after 

they were divested. Methodology: Forty five acrylic patterns were casted in Grade IV comercially pure titanium 

(cpTi) and divided into 3 equal groups. Groups A, B, C were sandblasted with the above mentioned powders 

respectively. The surface characteristics of samples from each group were evaluated by optical profilometer, 

Pre and Post surface treatment. One sample from each group was randomly selected for Energy Dispersive X-

ray Analysis (EDS), Pre and Post surface treatment. The data obtained was subjected to ANOVA and Duncan's 

test at the level of significance P<0.05. Results: The comparison of mean surface roughness values was 

statistically insignificant. EDS shows that aluminium oxide and mixture powder contaminated the surface of 

castings but all the powders reduced the investment concentration from the surface of castings. Conclusion: 

Within the limitations of the study , it was concluded that all the powders reduced the surface roughness to 

almost the same extent when sandblasted for 15 sec. Therefore, use of mixed powder for sandblasting 

titanium frameworks can be advocated.. Also, aluminium oxide and mixed powder contaminated the surface 

of castings therefore its use is not advocated when titanium is used for implants.
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INTRODUCTION

From the past few decades, the use of commercially 

pure titanium (cpTi- Grade IV) for the fabrication of 

Removable Partial Denture (RPD) frameworks has 

significantly increased because of its excellent 

biocompatibilty and good mechanical properties. 

This can also be attributed to advances in materials 
[1-5]and devices for successful casting of titanium .

Lost wax technique is one of the most widely used 

methods for the fabrication of Titanium frameworks 

apart from CAD- CAM technique. The former 

technique involves divesting of the frameworks first 

with pneumatic mallet and later with sandblasting 

using different abrasive powders. Sandblasting with 

hard powders such as aluminium oxide can produce 

damaged and rough surface. It may also cause 

distortion of the framework while final finishing and 

polishing of the framework. Softer powders, such as 

glass beads , however, produce smoother surface 

but a longer treatment time is required while using 
[5]

them .

Usage of Mixed powder (1:1 mixture of aluminium 

oxide and glass beads) might combine the 

advantages of both the powders. The use of the same 
5has been advocated in the past for Co-Cr castings . 
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This study intends to check the effect of three 

powders, aluminium oxide, glass beads and 1:1 

mixture of aluminium oxide and glass beads, on cpTi 

(Grade IV) castings. However, air abrasion of 

Titanium castings (cpTi-Grade IV) might produce 

different results because of the formation of alpha 

case layer on its surface due to the deposition of 

oxides formed by the reaction with the investment 
[6-11]

contents . 

AIMS AND OBJECTIVES OF THE STUDY:

 This study aims at determining the effect of 

sandblasting with three different abrasive powders 

on titanium frameworks after casting. The 

objectives of the study are:-

1) To evaluate and compare the surface 

characteristics by determining the surface 

roughness before and after sandblasting 

with each powder using an optical 

profilometer.

2) To do elemental analysis on the surface of 

Titanium castings before and after 

sandblasting treatment using Energy 

Dispersive X- ray Spectroscopy (EDS).

3) To check whether the use of mixed powder 

is of any use when divesting RPD 

frameworks fabricated from Grade IV cpTi 

as compared to when only aluminium oxide 

or Glass beads are used individually.

MATERIALS AND METHODS

 Forty five standardized square shaped acrylic 

patterns measuring 1cm in length , width and 2mm 

in thickness were cut . Ten patterns were invested at 

a time and casted using Grade IV titanium (Orotig 

,Verona-Italy, Lot- 3303) in a semiautomatic 

titanium casting machine (Titec F 210M) according 

to manufacturer's instructions. After casting, the 

rings were allowed to cool down at room 

temperature and were grossly divested from the 

investment using pnuematic mallet .The sprues 

were cut using carborundum discs and individual 

samples were separated. The casted specimens 

were divided into three groups- Group A, B and C. 

Incomplete castings or porosities seen on the 

surface of castings were discarded and equal 

number of casting specimens were added in 

respective groups.

Before subjecting individual  samples to 

sandblasting treatment, they were immersed in acid 

solution (conc. H SO  + conc. HNO ) for 1hour to 2 4 3

remove as much investment material as possible.. 

Then the samples were cleaned in an ultrasonic bath 

(Soniclean, Australia) for 20 min using distilled 

water. 

After the samples were treated with acid and before 

subjecting them to sandblasting treatment, the 

surface roughness values of all the samples were 

measured using optical profilometer (WYKO 

NT1100 Optical Profilometer) (Picture 1 and 2)and 

also EDS analysis of one sample randomly selected 

from each group, was done  (Figure 1) .

Group A castings were 

airborne particle abraded 

with aluminium oxide 

(120 µm particle size) 

(Renfert, Germany), with 

a dental sandblasting unit 

(Type 5417 - KAVO EWL, 

Germany) ,  at  4  bar  

pressure. The distance 

between the nozzle tip 

a n d  t h e  s p e c i m e n  

surfaces was maintained 

at 10mm, perpendicular 

to the tip with the help of 

a customized jig. The 

middle of the nozzle was 

aimed at the centre of the sample (Picture 3). The 

sandblasting procedure was carried out for 15 

seconds measured with the help of a stop watch. 

Group B samples were air abraded using glass beads 

(125 µm particle size) (Perlablast, Germany) 

keeping the other conditions such as time, pressure, 

and distance from the nozzle tip of sandblasting unit 

similar to Group A. Group C samples were air 

abraded using 1:1 mixture of aluminium oxide and 

glass beads keeping the other conditions similar to 

Group A and B.

2
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After air abrasion, the surface roughness values for 

each sample within each group were obtained and 

the mean surface roughness values for each group 

were calculated. The values were obtained in 

microns (µm) which forms the basic data of the 

study. They were tabulated and the data was 

subjected to statistical analysis.  

    Then one sample randomly selected from each 

group was also subjected to EDS analysis and the 

weight percentages of elements were analysed 

(Figure 2, 3 and 4)

RESULTS:-

In this study the surface roughness of titanium 

castings before and after sandblasting with three 

abrasive powders (aluminium oxide, glass beads 

and mixture (1:1) of aluminium oxide and glass 

beads) was evaluated and compared.  

Mean and SD of  Rz (Ten-point mean roughness) and 

Ra (Arithmetical mean roughness)  were calculated 

for , then the data was subjected to  Analysis of 

variance test (ANOVA)  to compare  the surface 

roughness of the samples  within  as well as 

between each group, before and after sandblasting 

treatment . Subsequently, pair wise comparisons 

were performed between the test groups by using 

the DUNCAN POST HOC procedure at level of 

significance (P<0.05)

Interpretation of tables

The mean of surface roughness values of the 

samples in each group and their standard deviation 

values before subjecting them to sandblasting 

treatment are listed in Table I. The values were 

subjected to statistical analysis (Tables II & III) and 

it was observed that there was no significant 

difference between the three groups. 

Similarly, the mean of surface roughness values of 

the samples in each group and their standard 

deviation values after subjecting them to 

sandblasting treatment are listed in Table IV. It was 

observed that the mean surface roughness within 

each group had decreased post surface treatment. 

The values were subjected to statistical analysis 

(Tables V & VI) which showed that there was no 

significant difference between the three groups.

The mean of the difference of pre and post 

sandblasting surface roughness values within 

each group is listed in Table VII. These values were 

also statistically evaluated (Table VIII & IX) and it 

was inferred that all the powders reduced the 

surface roughness of the samples to almost the 

same extent and that the reduction was not 

statistically significant within each group.

Table I: Mean and SD values of before sand 

blasting surface roughness according to three 

groups (A, B, C).

3

Group  Means   S.D S.E Coefficient of variation 

Group A 8.79 1.94 0.50 22.05 

Group B 8.19 2.53 0.65 30.94 

Group C 9.04 1.42 0.37 15.69 
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Table IV: Mean and SD values of mean surface 

roughness after sand blasting according to three 

groups (A, B, C).

Group  Means   S.D. S.E Coefficient of variation 

Group A 5.13 2.71 0.70 52.76 

Group B 5.62 3.16 0.82 56.31 

Group C 5.22 1.05 0.27 20.12 

 

Table V: Comparison of three groups (A, B, C) with 

respect to after sand blasting surface roughness by 

one way ANOVA.

Source of

variation 

DF SS MS F-value P-value 

Between groups 2 1.98032 0.99016 0.1611 0.8517 

Within groups 42 258.10644 6.14539   

Total 44 260.08676    

 

Table VI: Pair wise comparison of three groups (A, 

B, C) with respect to after sand blasting surface 

roughness by Duncan's test.

 Groups Group A Group B Group C 

 Mean 5.1327 5.6153 5.2213 

Group A -   

Group B P=0.6200 -  

Group C P=0.9225 P=0.6657 - 

 

Table VII: Mean and SD values of difference of 
before and after sand blasting surface roughness 
values according to three groups (A, B, C).

Group  Means   S.D S.E Coefficient of variation 

Group A 3.66 2.37 0.61 64.63 

Group B 2.58 1.99 0.77 116.10 

Group C 3.82 1.83 0.47 47.81 

 

Table II: Comparison of mean surface roughness 
values of three groups (A, B, C) before sand blasting 
by one way ANOVA.

Source of variation DF SS MS F-value P-value 

Between groups 2 5.71250 2.85625 0.7029 0.5009 

Within groups 42 170.66740 4.06351   

Total 44 176.37990    

 
Table III: Pair wise comparison of mean surface 
roughness values of three groups (A, B, C) 
before sand blasting by Duncan's test.

 Groups Group A Group B Group C 

 Mean 8.7933 8.1907 9.0387 

Group A -   

Group B P=0.4177 -  

Group C P=0.7407 P=0.2846 - 
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Figure 3: shows the weight counts of various 

elements on the surface of titanium castings 

after sandblasting it with mixed powder when it 

was subjected to EDS analysis.

5

EDS Results

The weight percentages of aluminium and oxygen 
were mainly evaluated during EDS analysis because 
these are the main constituents of investment 
material and alpha case layer. Pre sandblasting 
values are aluminium – 0.09 wt % and oxygen- 19.00 
wt %. Post sandblasting values for the sample 
sandblasted with aluminium oxide are aluminium – 
4.37 wt %, oxygen, oxygen- 18.32 wt %. The values 
for sample sandblasted with glass beads are 
aluminium- 0.00 wt% and oxygen- 9.33 wt% and 
those of sandlasted with mixed powder are 
aluminium- 2.69 wt% and oxygen – 13.95 wt%.

Figure 1: shows the weight counts of different 
elements when one sample of titanium casting 
was subjected to EDS analysis before the 
sandblasting treatment

Figure 2: shows the weight counts of various 
elements on the surface of titanium after Glass 
bead blasting when it was subjected to EDS 
analysis.

Table VIII: Comparison of three groups (A, B, C) 

with respect to difference of before and after sand 

blasting surface roughness by one way ANOVA.

Source of

variation 

DF SS MS F-value P-value 

Between groups 2 13.72528 6.86264 1.1523 0.3257 

Within groups 42 250.14056 5.95573   

Total 44 263.86584    

 

Table IX: Pair wise comparison of three groups (A, B, 

C) with respect to difference of before and after sand 

blasting surface roughness by Duncan's test.

 G roups G roup A  G rou p B  G roup C  

 M ean 3 .6607 2 .5753 3 .8173 

G ro up A  -   

G ro up B  P=0.2301 -  

G ro up C  P=0.8614 P =0.1959 - 
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DISCUSSION

 The results 

 there was no significant 
difference between the groups. This may be due to 
the same procedure followed for specimen 
fabrication, casting titanium, and investment 
removal before subjecting the samples to 
sandblasting treatment. It was found that there was 
no significant difference in the mean surface 
roughness values between the three groups post 
sandblasting treatment (Tables IV,V &VI).But, all the 
powders decreased the surface roughness of the 
castings post sandblasting unlike the previous study 

[5]which was carried out on Co- Cr castings . This 
might be due to the presence of alpha case layer 
present on the surface of the castings which is hard, 
brittle and removal of which by sandblasting 
produced a smoother surface rather than a rougher 
surface. The reduction in surface roughness of the 
castings was however not significant which can be 
attributed to the fact that sandblasting for only 15 
sec might not have been sufficient to remove oxide 
layer completely.  Now, the sandblasting powder 
used for divesting the frameworks should be such 
that it causes less scarring of the surface because the 
rougher the surface, the greater is the opportunity 
for plaque adhesion, and discoloration of the 

[12]
framework  .Also more time will be required to do 
final finishing and polishing of the RPD framework if 
the surface is more rough after sandblasting 
procedure, which might lead to distortion of the 
framework due to heat production and thinning of 
the framework thereby resulting in an ill fitting RPD. 
In this study, all the powders reduced the surface 
roughness to the same extent so any of the three can 
be used for final divesting of titanium frameworks.

The results of EDS analysis showed (figures 2, 3 & 4) 
that the weight percentage of oxygen is highest prior 
to sandblasting treatment which might be due to the 
oxide layer present over titanium castings. Post 
sandblasting values show that the sample abraded 
with glass beads has least percentages of oxygen 
and aluminium than the one abraded with 
aluminium oxide and mixed powder. Also the 
aluminium content is found to be increased after 

of this study show that when the mean 
roughness values of three groups before 
sandblasting (Table I) were compared using one 
way ANOVA test (Table II),

sandblasting with aluminium oxide and mixed 
powder. This might be due to embedding of some 
aluminium oxide on the surface of the casting 

[13-during sandblasting that contaminated the same 
14].

CONCLUSION

Within the limitations of the study, following 
conclusions were made:-

1) Investment residues on the titanium castings 
were removed by all the three abrasive 
powders.

2) Mixed powder reduced the surface roughness 
of the casted samples almost similar to 
aluminium oxide powder alone and also 
produced less contamination of the casting 
surface. So its use in general laboratory 
practice may be advocated.

3) EDS analysis showed that air abrasion with 
aluminium oxide contaminated the surface of 
the titanium casting with aluminium particles.

However, there is a further scope of the study to 
evaluate the effect of duration of sandblasting 
on titanium castings which might produce 
different results. 

These findings are based on the comparative 
results obtained in accordance with the 
materials and methods used in this study as 
well as applied test conditions. Any variation in 
materials and methodology may yield results 
that may not correspond with the magnitude of 
surface roughness and element weight 
percentages observed in this study.

Clinical implications of the study:-

It is apparent from the results of the study that:-

a) All the three powders ( aluminium oxide, glass 
beads and mixed powder) reduced the surface 
roughness of the casted samples to almost the 
same extent , therefore any of the powders can 
be used to remove residual investment 
material and the oxide layer from the surface of 
RPD frameworks fabricated from cpTi without 
producing much scarring of the surface. 
However, there is further scope of the study to 
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evaluate the effect of time for which 
sandblasting is carried out on the surface 
characteristics of casted titanium.

b) Mixed powder reduces the surface roughness 
of the castings almost similar to aluminium 
oxide powder alone and also produced less 
contamination of the casting surface. So its use 
in general laboratory practice may be done as it 
eliminated the tedious procedure of powder 
exchange, it could be applied several times 
without harm, and it did not require a special 
device or rare materials. The ability to recycle 
used powders  is  desirable  from an 

15 
environmental standpoint .

c) Also, EDS analysis showed that sandblasting 
using Aluminum oxide contaminated the 
castings with aluminium which is not desired 
when titanium is used for implants.
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