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Abstract 

An alternative resource for the procurement of dental plaster, a material 
predominantly used in dentistry has been investigated. This consists of 
the synthesis from locally available basic raw materials. Several 
parameters of production are studied to identify the optimum for plaster 
production. This consists of analyses of setting time with respect to 
calcination time and temperature, particle size analysis of the powder, 
percentage weight loss at calcination and dielectric characterization of 
pellets of the sample. The various analyses establish a correlation 
between production parameters and quality of the resulting plaster 
samples, thus enhancing quality control. Optimum temperatures of 
1200C and 1250C for calcination periods of about 4 hours give premium 
quality plaster. The synthetic process is cost effective and 
environmentally viable. 

 
 

The dihydrate of calcium sulphate (CaS04
.2H20), gypsum is one of the 

most widely used minerals for improving the strength of materials. When ¾ of its 
water of  crystallization has been driven off, it becomes what is called plaster of 
Paris or simply POP (CaS04

.½H20). This plaster is used especially in construction 
materials, in the cement industry to control setting time, as paint fillers, as 
moulds and extensively in dentistry for recording dental impressions of jaws 
(Anderson, 1976). The main source of procurement is however by importation. 
As the amount of POP used in dentistry is quite substantial (Anderson, 1976), 
alternative sourcing of the material deserves to be explored and exploited. 
 
 Where the raw material is scarce, unabundant or unavailable, Plaster of 
Paris can be obtained by synthetic production and calcination of gypsum. The 
pure dihydrate is white or colourless and has oxide compositions by weight: Ca0, 
32.5%, S03, 46.6% and H20 20.9% (Singh, 2006). Mineral gypsum usually 
contains varying amounts of clay, slate, anhydrite chalk, dolomite, silica, iron 
and water (IS 1290 – 1973). A previous attempt at the synthetic production of 
gypsum (Abioye and others, 1993) has used the indirect process route of reacting 
hydrochloric acid with hydrated lime or limestone and is also the method used in 
this work. 

A significant parameter in the evaluation of the quality of dental POP is 
the setting time. This determines the rate of recrystallization on reverting to the  
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solid mass from the powder-water mix. At complete resolidification, the plaster 
is said to be set. It has been reported (Abioye and others, 1993) that the setting 
time is not a simple function of temperature, consequently further parameter 
optimization studies become pertinent. Setting reactions of gypsum material have 
been investigated (Lautenschlager and others, 1956). Phase analysis of calcined 
gypsum has also been reported (Lehman, 1967). 

 
 This work therefore aims to produce plaster samples synthetically and 
optimize production parameters for operational effectiveness. To this end, a 
number of physical parameters serve as indices of evaluation and 
characterization. These include the consideration of specific gravity values, 
calcination times and temperature vis a vis setting times. Moreover, particle size 
distribution of the different products, hardness and dielectric constants are 
examined. 

 
Materials and Methods 
(a) Production of the Various Plaster Samples: 

The procedure for the production of synthetic gypsum samples consists 
of mixing 250g of locally obtained hydrated limestone with 500ml of 
water. The mixture was subsequently neutralized with IN HCl. Filtering 
and further treatment with IN H2S04 yielded a fine textured gypsum 
precipitate. Excess HCl was eliminated by repeated washing with water 
and subsequent drying in an oven at a temperature of about 400C, 20g 
samples of the dried gypsum were then calcined at several steady 
temperatures ranging from 1150C to 1300C for five different periods 
ranging from 1 – 5 hours for a particular temperature. This was to ensure 
elimination of 75% of the water of crystallization, resulting in the 
production of POP. The procedure was repeated respectively for 21 
samples of 5g each. 
 

(b) Determination of Physical Parameters: 
Particle size distribution for each of the various samples was determined 
by the dry sieving method. This employs a set of standard sieves known 
as Endecott’s sieves of 45mm to 300mm apertures. The amount of 
powder present in successive sieves were collected for size analysis. 

To evaluate setting time, 2g of each specimen was thoroughly 
mixed with 1cm3 of water in a rubber container to ensure even setting. 
The setting instant was determined with a stop clock. A Vitcat needle, 
which is a sort of penetrometer, was then used to ascertain complete 
setting by insertion of the needle into a 50mm thick powder – water 
mixture, penetrating its surface as far as 1mm. Water / powder ratios 
ranging from 0.45 to 0.50 were found suitable. When water evaporates 
the plaster becomes porous and its strength is negatively influenced. 
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Hardness tests were carried out on the compacted forms of the 
various samples with standard materials of known hardness values on the 
Moh’s scale, falling below or above that of naturally occurring gypsum. 
The Moh’s scale expresses the indentation hardness which is a measure 
of the material’s resistance to penetration by a hard indentor used to 
evaluate the strength. The smaller the penetration, the harder the 
material, i.e. the absolute hardness value is inversely proportional to the 
indentation. Some test materials are presented in table 1. 

Specific gravity values of the samples were obtained through the 
mass to volume ratio at 290C. The procedure was repeated for 
consistency. Further analysis of the evolution of properties with varying 
production parameters was provided by dielectric characterization. This 
was carried out on the various samples using a dielectric bridge of the 
DC SCHERING type, operating at a frequency of 50Hz. The application 
of a specific value of electric field to the sample results in the 
polarization of dipoles in the bulk. Dielectric constants were determined 
for peletized plaster samples produced at different calcination periods of 
1 - 5 hours at 1200C. Samples of a reference (imported) plaster, obtained 
from the Faculty of Dentistry, Obafemi Awolowo Unversity, Ile-Ife were 
subjected to identical analyses for comparison and evaluation. 

 
Results 
 The variation of setting time with calcination temperature and calcination 

time is presented in figure 
1.  the setting time decreases for calcination periods below three hours and 

increases for calcination periods beyond three hours. Setting time also 
increases as calcination temperature increases for calcination periods 
beyond 3 hours. While it decreases with calcination temperature for 
calcination periods below 3 hours. 

 Figure 2 presents the variation of percentage weight losses with 
calcination periods for calcination temperature of 1150C, 1200C, 1250C 
and 1300C. Percentage weight loss is an index of setting time. 

 The result of particle size analysis is presented in table 2. This shows the 
percentage weight retained at different calcination times corresponding 
to the different sieve apertures for various synthesized plaster samples as 
well as the reference sample.  

 In table 3 the specific gravity values determined for the various plaster 
samples are presented. These fall around 1.82 ± 0.02 while for the 
reference plaster sample it was determined as 1.83. 

 Hardness tests carried out by using materials from table 1 show that the 
synthetic plaster samples have hardness values between that of talc and 
calcite with corresponding hardness values of 0.03 and 1.25 respectively 
on the Moh’s Scale. 
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 In table 4, the results of the measurement of dielectric constants for the 
various synthesized samples and the reference sample are presented. 

 
Discussions 
Effect of time and Temperature on the Calcination Process: 

By the end of the calcination process, all the excess water has been 
driven off and further application of heat tends to increase setting time, giving the 
allure of figure 1. The terminal stage of the calcination process is thus easy to 
ascertain. This guides the determination of optimum values for the setting time at 
corresponding values of calcination time and temperature for the synthesized 
samples, optimum value of setting time occurs at 1200C for a calcination time of 
3hs. The setting time of 4mins for the reference (imported) sample compares 
closely with that of the synthesized plaster at 1200C for a calcination time of 3hs. 
Setting time of 5 – 7 mins have been reported for calcined gypsum (Singh, 2006). 
 From figure 2, percentage weight loss at calcination is more consistent 
for periods greater than 1 hour and at 1200C too, indicating that this sample 
exhibits stability at that temperature. 
 
Effect of Calcination Time and Temperature on Particle Size Distribution: 
 During calcination, different entropy states are brought about by thermal 
lattice vibrations. Yields between 75.5% and 78.5% by weight constitutes the 
bulk of the grains in each sample. These are retained in the 106ựm aperture sieve 
while the 300um sieve retains less than 30% wt. as is also the case with the 
reference sample. The particle sizes therefore predominantly lie within the 
106um sieve. 
 The specific gravity value of 1.82 ± 0.02 measured for the synthesized 
samples is fairly consistent for the samples and compares closely with the value 
1.83 of the reference plaster sample. However specific gravity may be influenced 
(Ryge and Fairhurst, 1956) when additions are used in the plaster as accelerators 
or retarders to optimize the setting time (Harcourt and Lautenschlager, 1970). 
Retarders block water access to plaster particles while accelerators provide extra 
nucleating centers for enhanced crystallization.  
 The measurement of hardness values is diagnostic of the material as 
hardness is a factor of structure. It is anisotropic and depends on the atomic 
environment. 
 
Dielectric Characterization: 
 The significance of the parameters of the calcination process is further 
brought into the fore by the progressive decrease in the dielectric constant from 
sample A to D with increase in calcination period. This can be attributed to 
variation in structural formation. Sample D which was calcined at 1200C for 4 
hours has a dielectric constant of 1.84 which is close to that of sample G, the 
reference sample. 
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Conclusions 
 Synthetic ‘Plaster of Paris’ has been produced using basic raw materials 
at calcination temperatures of 1150C, 1200C, 1250C and 1300C for calcination 
periods ranging from 1 – 5 hours respectively. Analyses of setting times with 
respect to calcination times and temperatures show that setting time is optimized 
for samples calcined at 1200C or 1250C for about 3 – 4hours. Grain size analyses 
revealed that finer textures occur for such samples. 
 Specific gravity and hardness values are not substantially affected by the 
variation in production parameters. These properties characterizing the synthetic 
samples were found to compare closely to that of the reference (imported) plaster 
sample. 
 Dielectric constant measurements on the synthesized plaster samples 
helped to further establish the correlation of calcination time and temperature 
with the variation in the characteristics of the synthetic samples. The sample 
produced at 1200C and calcined for 4 hours has the dielectric constant closest to 
that of the reference (standard) sample. 
 The synthetic procedure of producing Plaster of Paris allows the control 
of purity and quality of the material as desired. Furthermore the cost-
effectiveness estimation (Abioye and others, 1993) has indicated that a 50% 
saving on the cost of procuring imported plaster which is currently the main 
source of procurement in dentistry. Moreover the production process is 
environmentally friendly and economically viable. 
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Table 1: Absolute Hardness Values of Known Minerals. 
 

Mineral Talc Gypsum Calcite Fluorite Apatite Orthodase 
Feldspan

Quartz Topaz Corundum Diamond

Absolute 
Hardness

0.03 1.25 4.5 5.0 6.5 37 120 175 1,000 140,000

Table 2: Effect of Calcination Time and Temperature on Particle Size 
Distribution. 

Calcination 
Temperature 

\(0C)

Sieve 
Aperture

(um)

% Weight retained in sieves at different calcination 
times

% Weight 
retained in 

sieves for the 
reference 
plaster*

1 hr 2 hrs 3 hrs 4 hrs 5 hrs

115

300 2.40 2.60 2.50 2.90 2.55 2.8
106 75.50 78.10 78.10 77.10 76.35 76.85
75 12.00 11.75 11.75 12.15 11.15 11.4
45 4.25 3.9 3.90 3.65 4.10 4.0

120

300 2.45 2.65 2.65 2.60 2.80
106 76.80 77.6 77.60 77.15 76.50
75 11.80 11.6 11.60 11.65 11.15
45 4.05 4.35 4.35 4.10 3.65

125

300 2.70 2.55 2.55 2.40 2.85
106 78.2 78.03 78.03 76.65 77.30
75 12.05 11.17 11.17 11.55 11.50
45 4.25 3.85 3.85 4.00 4.15

130

300 2.70 2.95 2.95 2.35 2.55
106 77.25 77.30 77.30 78.25 76.50
75 12.25 12.50 12.50 12.10 12.35
45 4.50 3.75 3.75 3.70 3.95

 
*Calcination temperature unspecified. 
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Table 3: Specific Gravity Values for the Various Samples 
 

Calcination 
Temperature 

Te (0C) 

Specific gravity values for various calcination times 
1 hr 2 hrs 3 hrs 4 hrs 5 hrs 

115 1.84 1.80 1.80 1.83 1.82 
120 1.81 1.85 1.79 1.84 1.84 
125 1.85 1.83 1.80 1.81 1.80 
130 1.78 1.83 1.80 1.81 1.81 

 
 
The specific gravity of the reference (imported) plaster sample was 
experimentally found as 1.83. The value of 1.84 for Te = 1200C at 4 hours implies 
denser and finer grains. (i.e. less porous and strength enhanced). 
 
 
Table 4: Dielectric constants of the various plaster samples 
  

Sample Type Calcination 
Temperature 

(0C) 

Calcination 
Time (hs) 

Dielectric 
Constant 

A 120 1 5.40 

B 120 2 3.50 

C 120 3 3.28 

D 120 4 2.94 

E 120 5 2.61 

F Reference (imported) plaster 2.85 
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Figure 1: Variation of Setting Times with Calcinations Times and  

Temperatures 
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Figure 2: Variation of % Wt. losses with calcinations times and  

temperatures 
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