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Perlite having rich reserves in Turkey is basic industrial raw material in line 

with sustainable development objectives. In recent years due to the thermal 

insulation properties expanded perlite has attracted the attention of 

researchers. It is started to use in some construction areas. Binder material is 

used to shape in the manufacturing of refractory bricks. Desired material was 

sintered at high temperature. In this study, perlite between 75-600 µm particle 

size was subjected to heat treatment at different temperatures and investigated 

to use in refractory construction materials production. Perlite grains clinging 

to each other engage a smooth shape. Gypsum is used as an activator in 

different proportions to achieve this objective. The samples were subjected to 

heat treatment at 1050-1200 ºC for 30 minutes. In the 5% gypsum mixture 

highest compressive strength at 1150 °C was calculated as 47 MPa. Unit 

volume weight is considered as 1.95 g/cm
3
, water absorption by weight is 

determined as 0.30%. Superficial abrasion loss was determined to be 20 mm. 

Degree of porosity is calculated as 15%. Compactness was found to be 85%. 

Furthermore in the results of experiment of freezing of the obtained products 

was not found any damage or any strength loss. 
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1. Introduction 

 

The main objective of sustainable development is defined as "deliberate consumption of resources without 

harming to natural resources". Depends on developing technology, many raw materials were evaluated in 

industry. Perlite is one of the industrial raw materials. Perlite is an amorphous volcanic glass that has 

relatively high water content, typically formed by the hydration of obsidian. It occurs naturally and has the 

unusual property of greatly expanding when heated sufficiently. Therefore perlite has been brought to the 

millimeter size. Grains were dehydrated in 850-1150°C in the flame shock. In this way the volume of particles 

increased by 35 times. This heat insulating building materials are manufactured taking advantage of expansion 

feature. 

In studies realized in recent years to produce bricks, expanded perlite is added to the raw brick in specific 

proportions. In this way, physical and mechanical properties of the bricks can be examined [1], [2]. In the 

carrier lightweight concrete production researches, a certain amount expanded perlite is usually replaced with 

normal aggregate. In this way, it has been examined mechanical and physical properties of the concrete [3], 
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[4]. In another study, expanded perlite and ponza was used as aggregate together in the lightweight concrete 

production. While the rate of pearlite aggregate increased the density of concrete decreased [5]. In recent years 

waste has been constructively applied to resources in recycling research, and related achievements are seen in 

engineering applications. Several researchers have been investigating the incorporation of different types of 

residues in the manufacture of traditional ceramic materials in recent years [6], [7]. The availability of 

industrial waste water treatment plants collected from sludge brick manufacturing were studied. The produced 

brick shrinkage, pressure and water absorption test were conducted. Test result showed that the two major 

factors that determine the ratio and firing temperature of the slurry brick quality [8], [9]. Marble dust 

accumulating in the sedimentation pool, lime, gypsum and expanded perlite was utilized when producing 

bricks. This produced material is suitable for the production of lightweight wall blocks with observed 

mechanical properties [10]. Perlite dust is a mineral additive for concrete and cement. This situation has 

positive effect on compressive strength [10], [11], [12]. 

According to studies, the binder material is used to shape in the manufacture of refractory bricks from 0.5 to 5 

mm size. Requested material cooked at high temperatures. Brick raw material, in the presence of highly SiO2 

(93% - 98%) at high temperature can be expanded a ratio of about 3.5%.When exposed to 870 °C, quartz is 

known to turn into tridymite. This allotropic transformation has been continued with crystobalit [13]. 

The Al2O3-SiO2 component group that have more than 45% Al2O3 content has been called as high alumina 

bricks. Their refractory properties have been good. They were resistant to abrasion. They have been resistant 

against high pressure in cold and hot environment. They have been low resistant against acid based slag. But 

they have been resistant against base based slag and against thermal shock [14], [15], [16].  

Generally, alumina refractory materials have alumina content of between 45% and 99%. Bricks, manufactured 

with these materials have relatively high substitution rates in terms of the technical and mechanical properties 

[17]. Usually in accompaniment material, damage occurred. These have been realized through cracking or 

breaking. These have been realized during weight loss through grain throwing [14], [18], [19], [20]. 

The effects of the chemical composition on the mechanical properties in the refractory materials containing 

alumina in different ratios were studied. Refractory materials may contain alumina of 50 percent or 60 percent 

or 70 percent. Between mechanical properties and chemical compositions a linear relationship was not 

observed [21], [22]. 

Isolated monolithic refractory materials production was tested in compliance with ASTM standards. 

Diatomite, expanded perlite and pumice have been used. After the samples were dried, they were baked at 925 

°C. Density and strength and shrinkage ratio of the samples have been determined. After drying, sample 

density was found 0.94 g/cm
3
. Baking shrinkage ratio at 925 °C was determined as -1.7%. Compression 

strength was found as 1.9 MPa [23]. 

Marble powder, clay and industrial waste pyrophyllite were subjected to different cooking temperatures 

between 900 and 1200 °C for producing ceramic materials. Manufactured products were considered in terms 

of water absorption and mineralogical properties [24]. 

Reduction in thermal conductivity of the accompanying materials with increased porosity was possible. There 

is also the effect of the distribution and size of pores. Overall thermal conductivity has been depended on the 

chemical composition, porosity and temperature.  Furthermore crystalline compositions, mineralogical 

composition of the blend, particle size, cooking temperature and glassy phase type of the present crystalline 

have been important [24]. 

There are several studies on perlite as a bulding material indicating that it can be used in various areas of civil 

engineering and most of them are commercialized. Same of them are LanzónandGarcía-Ruiz [25], Sengul et 

al. [26], Okuyucu [27], KramarandBindiganavile [28], Mamun et al. [29], Sriwattanapong et al. [30], 

GandageAbhijeet et al. [31], Kramar, andBindiganavile [32], Keskin et al. [33], Erdoğan and Sağlık [34], 

Bozkurt [35], Bakhtiyari et al. [36], Darweesh [37], Ramezanianpour et al. [38], Oktay et al. [39], Dawood 

[40], Binici and Kalaycı [41], Isıkdag [42], Maaloufa et al. [43], Jedidi et al. [44], Zhang et al. [45], Chung et 

al. [46], Abidi et al. [47], Shoukry et al. [48], Abidi et al. [49], Taherishargh et al. [50], Taherishargh et al. 

[51] andKrivenko et al. [52]. 

Perlite reserves are almost not considered in the present construction industry.Raw perlite aggregate, after 

being shaped in certain sizes, is subjected to heat treatment in different degrees. This process implemented 

with the aid of binder material and building material is intended to be produced. 
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2. Experimental Investigation 

 

Perlite milled at the 75-600 µm size used in this study was obtained from Cappadocia. The total perlite reserve 

of the basin is approximately 350 million tons [53]. Gypsum was used as binder for shaping of the test sample 

and was mixed with water as calcium based material. After 8 minutes a reaction has been started according 

TSEN 13279-1 "Structure and Plaster" standard [54]. Perlite was used in proportion to the amount of plaster 

used in the mixture. In this study city water was used. 

The petrographic and chemical analysis of the raw perlite has been performed in Erciyes University 

Technology Development Center (TEKMER), and the results are given in following Table1. 

 

Table 1. Chemical analysis of perlite 

Chemical 

united 
SiO2 CaO Al2O3 Fe2O3 MgO K2O Na2O Cl SO3 L.O.I. 

(%) 71.01 1.48 12.87 2.25 0.21 4.46 3.42 0.20 - 3.57 

 

 

2.1 Sample production 

 

In this study, in order to produce samples, grinded and riddled by 600 µm griddle raw perlite and gypsum are 

used. In 100% raw perlite samples, because of being not able to make horizontal-vertical transfers, plaster is 

used as binder. Samples are produced in 40x40x160 mm standart dimensions and produced based on weight 

rather than volume. In mixture, gypsum as a 5, 10, 15, 20% of weight of perlite is used with water until 

mixture becomes consistence of plastic. Experiment groups which are given in Table 2 are formed based on 

gypsum ratios and sintering temperatures for sample production and mixtures are prepared by a bench-type 

mixer.    

 

Table 2. Sample number based on mixture ratios and sintering temperatures 

 

Sample 

group* 

Sample numbers and sintering temperatures(°C)  

1000 1050 1100 1500 1200 Total 

ST1 ST2 ST3 ST4 ST5 

S5 12 12 12 12 12 60 

S10 12 12 12 12 12 60 

S15 12 12 12 12 12 60 

S20 12 12 12 12 12 60 

Total 48 48 48 48 48 240 

*Subscript (5, 10, 15 and 20) shows plaster ratio as weight in mixture. 

SubscriptT1, shows sample groups formed by sintering temperatures. 

 

 

Samples are taken out from mold after 60 minutes. Samples which are formed based on sintering temperature 

are dried 10 hours at 100 +- 5 °C in a seramicowen which could reach 1300 °C maximum temperature. Then 

for different groups temperature is increased up to 1000, 1050, 1100 and 1200 °C by 5 °C increase per minute 

and sintered 30 minutes at these temperature levels. 

In this study, it is observed that samples gained mechanical properties after 30 minutes sintering and the 

values of these properties increased proportional to increase in sintering time. In thermal analysis, 30 minutes 

sintering times at which samples gain mechanical and physical properties taken as reference. However, in 

1000 °C sintering temperature case is not considered because mechanical properties are not observed. 

Materials used and samples produced in this study has been shown in Fig. 1. 

One axis compressive strength experiments, unit volume weights, water absorbtion percentages, percentage 

porosities, corrosion resistance values and filling rates analyses which meets the requirements of TS EN 

standarts applied on samples with different sintering temperatures and different plaster ratios by weight as 



Yeşilyurt et al. PEN Vo. 6, No. 1, 2018, pp. 41‒51 

44 

1.30

1.40

1.50

1.60

1.70

1.80

1.90

2.00

1050 1100 1150 1200

U
n

it
 v

o
lu

m
e 

w
ei

g
h

t 
 (

g
/c

m
3
)

Thermal processing (℃)

y (%5) = -6E-07x3 + 0,002x2 - 2,116x + 763,71

R² = 1

y (%10) = 4E-07x3 - 0,0013x2 + 1,4608x - 561,98

R² = 1

y (%15) = -1E-07x3 + 0,0004x2 - 0,4105x + 128,38

R² = 1

y (%20) = 6E-07x3 - 0,0019x2 + 2,2166x - 844

R² = 1

binder. Results are calculated by taking arithmetic mean of each group samples. However, in order to observe 

corrosion resistance values new samples with same parameter values but different dimension are produced. 

Acording to results of experiments optimum 30 minutes sintering temperatures and gypsum mixture ratios are 

determined.  

 

 
Figure 1. Thermal processed samples with raw perlit-based gypsum binded 

 

3. Results and Discussion 

3.1Examination of the physical and mechanical properties 

 

The weight per unit volume of sample is given graphically in Fig. 2. The compressive strength of the samples 

at 850, 900, 950 and 1000°C is not defined. These values are detected at 1050, 1100, 1150 and 1200 °C as 30 

minutes cooking time and are shown in Fig. 3 graphically. In addition, the compressive strength and unit 

volume weight relationship was shown in Fig. 4-8 graphically.  

 

Figure 2. Different thermal processing-unit volume weight relationships of the samples 

 

When Fig. 2 is observed, R
2
=1 is the regression coefficient of third degree parabolic relationship. Highest unit 

volume weight has been belonged to the samples produced by 5%gypsum.These samples were subjected to 

heat treatment at 1150 °C and the obtained value has been 1.95 g/cm
3
. While some examples were heat treated 

at the same temperature, minimum unit volume weight has been obtained. These samples were produced with 

20% gypsum. The obtained value has been 1.71 g/cm
3
. There are many differences between unit volume 

weights of the samples heat-treated at this temperature. Unit volume weights of the heat treated samples at 

1100 °C have been very close together. Highest unit volume weight has been belonged to the samples 

produced by 5% gypsum and the obtained value has been 1.90 g/cm
3
. Minimum unit volume weight has been 

belonged to the samples produced by 20% gypsum and the obtained value has been 1.85 g/cm
3
. Unit volume 

weights of the heat treated samples at 1200 ºC have been very close together. Highest unit volume weight has 

been belonged to the samples produced by 10% gypsum and the obtained value has been 1.54 g/cm
3
. 

Minimum unit volume weight has been belonged to the samples produced by 20% gypsum and the obtained 
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value has been 1.47 g/cm
3
. Generally, increment in the gypsum binder ratio leads to a reduction in unit 

volume weight. 

The changes that occur during cooking with increasing degree of heat treatment were observed at a greater 

rate. These changes were observed as vitrification, shape and volume changes, fragility and capillary cracking. 

Although pore structure was increased, water absorption is reduced due to the vitrification. In this case the 

weight per unit volume will decrease. 

Figure 3. Different thermal processing-compressive strength relationships of the samples 

 

When Fig. 3 is observed, R
2
=1 is the regression coefficient of third degree strong parabolic relationship in all 

gypsum rates. Highest unit volume weight has been belonged to the samples produced by 5% gypsum. These 

samples were subjected to heat treatment at 1150 °C and the obtained value has been 46.7 MPa. While some 

examples were heat treated at the same temperature, minimum unit volume weight has been obtained. These 

samples were produced with 20% gypsum. The obtained value has been 39.4 MPa. There are many 

differences between compressive strengths of the samples heat-treated at this temperature. Compressive 

strengths of the heat treated samples at 1050 ºC have been very close together. Highest compressive strength 

has been belonged to the samples produced by 5% gypsum and the obtained value has been 6.7 MPa. 

Minimum compressive strength has been belonged to the samples produced by 15% gypsum and the obtained 

value has been 4.5 MPa. Compressive strength of the heat treated samples at 1200 ºC has been very close 

together. Highest compressive strength has been belonged to the samples produced by 5% gypsum and the 

obtained value has been 26.2 MPa. Minimum compressive strength has been belonged to the samples 

produced by 20% gypsum and the obtained value has been 22.1 MPa. Generally, increment in the gypsum 

binder ratio leads to a reduction in compressive strength. 

Samples produced by heat treatment in 5% gypsum mix at all temperatures have high strength. Lime rate 

increase implies a reduction in the compressive strength. The changes that occur during cooking with 

increasing degree of heat treatment were observed at a greater rate. These changes were observed as 

vitrification, shape and volume changes, fragility. The heat treatment temperature could not been taken low 

enough value to form the metallic bondstrength to the atomic material. If this was not in case then the material 

would not have beenmonolithic. 
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Figure 4. Different thermal processing-water absorption ratio relationships of the samples 

 

When Fig. 4 is observed, R
2
=1 is the regression coefficient of third degree strong parabolic relationship in all 

gypsum rates. Heat treatment temperature increase implies a reduction in the water saturation ratio. This ratio 

has been even close to zero for 1200 ºC. Highest water saturation has been belonged to the samples produced 

by 20% gypsum. These samples were subjected to heat treatment at 1050 °C and the obtained value has been 

11.4%. While some examples were heat treated at the same temperature, minimum water saturation has been 

obtained. These samples were produced with 5% gypsum. The obtained value has been 8.5%. By the same 

temperature heat treatment with increased gypsum ratio, the water saturation has been increased. Maximum 

water saturation has been belonged to the samples produced by 20% gypsum. The obtained value has been 

0.15%. Minimum water saturation has been belonged to the samples produced by 5% gypsum. The obtained 

value has been 0.10%. Generally, increased rate of the gypsum binder leads to an increase for water 

saturation. 

Heat treatment temperature increase implies a reduction in the water saturation ratio. Obviously, this reduction 

was realized due to the vitrification. The heat treatment temperature could not been taken low enough value to 

form the metallic bond strength to the atomic material. If this was not in case then the material would not have 

been monolithic. 

 

 

Figure 5. Different thermal processing-vertical abrasion resistance relationships of the samples 

 

When Fig. 5 is observed, R
2
=1 is the regression coefficient of third degree strong parabolic relationship in all 

gypsum rates. Highest vertical abrasion resistance has been belonged to the samples produced by 5% gypsum. 

These samples were subjected to heat treatment at 1050 °C and the obtained value has been 42 mm. Then, 

vertical abrasion resistance decreases with increasing temperature, whereby an inverse linear relationship. At 

the end 1200 ºC temperature the obtained value is 13 mm. 

Vertical abrasion resistances of the heat treated samples at 1100 ºC have been very close together.Vertical 

abrasion resistances of the heat treated samples at 1200 ºC have been very close together. Highest vertical 
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abrasion resistance has been belonged to the samples produced by 20% gypsum and the obtained value has 

been 17mm. Minimum vertical abrasion resistance has been belonged to the samples produced by 5% gypsum 

and the obtained value has been 13mm.  

The changes that occur during cooking with increasing degree of heat treatment were observed at a greater 

rate. These changes were obviously observed as vitrification. In this case vertical abrasion resistance will 

increase. Therefore abrasion loss will decrease. 

 

 
Figure 6. Different thermal processing - compactness relationships of the samples 

 

Compactness, determined in this study was obtained by calculating as in Fig. 6. When Fig. 6 is observed, 

R
2
=1 is the regression coefficient of third degree strong parabolic relationship in all gypsum rates. Highest 

compactness has been belonged to the samples produced by 5% gypsum. These samples were subjected to 

heat treatment at 1150 °C and the obtained value has been 85%. 1050 and 1200 ºC have been the minimum 

compactness temperature for samples treated with heat. These samples have been produced with 20% gypsum. 

The obtained value has been 71%. According to this analysis, increased rate of the gypsum leads to a decrease 

for compactness ratio. 

The changes that occur during cooking with increasing degree of heat treatment were observed at a greater 

rate. These changes were obviously observed as vitrification. Because of this change; a strong resemblance 

has been seen between unit volume weight, compressive strength and compactness (%). This situation is 

compatible with the basic principles of materials science. 

In this study for the most appropriate sample, 1150 ºC has been thought as the heat treatment temperature. 

This sample has been belonged to the samples produced by 50% gypsum binder. In this example unit volume 

weight, compressive strength, water saturation, vertical abrasion resistance and compactness values are 

considered as 1.95 g/cm
3
, 46.7 MPa, 0.3%, 20 mm and 84.8%. The results of freezing and thawing have been 

observed. It has not been detected any loss or damage for the sample. 

 

3.2 Examination of the micro-structural properties 

In this study, micro-structural properties of the raw and processed perlite have been investigated.SEM images 

were analyzed for the samples activated with the gypsum activator. These samples were subjected to a high 

temperature. Some other samples were not subjected to high temperature. SEM images were analyzed for 

these raw samples. Micro structural properties of SEM images were evaluated using Scanning Electron 

Microscope. The samples have been prepared with gypsum and were then baked. Heat treatment effect can be 

seen clearly with the SEM images. SEM images at different scales for raw perlite were shown in Fig. 7.a and 

b. The raw perlite was taken as a reference sample. 
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a - 500x magnification                       

  
b - 1000x magnification 

Figure 7.  a. and b. SEM images for reference sample that have not been treated with heat. 

 

Reference samples did not heat-treated. Structural changes were not seen in general mortar structure. The 

hollow structure of the mortars is observed. A very rare observed structure has been also adhesion bond. 

Samples were heat-treated at different temperature. SEM images have been related to the samples heat-treated 

at 1150 °С. Results are shown in Fig. 8aand b. In this heat treated magnified SEM image there was high 

temperature effect. The mortar structure changes are changes available for heat-treated samples arising from 

changes in the temperature. The density of the mortar is increased with increase in temperature. If mortar 

density increases, the structure of space is reduced. 

Flat surface and material integrity were achieved with the effect of high temperature. In the 500x magnified 

SEM image fused parts are seen together by melted parts. In 2000x magnified SEM image fused parts are seen 

clearly in a perlite structure. 

 

  a - 500x magnification                                           b - 2000x magnification  

 

Figure 8.  a. and b. SEM image for sample that has been treated with heat at 1150 ºC 

 

4. Conclusions 

 

This study has been done in order to utilize perlite which is assumed as inert material in industry. Perlite is 

binded by gypsum after grinding and exposed 30 minutes sintering, then the results are given below have been 

obtained. 

1- Groups which are formed by using gypsum as weight of 5,10, 15 and 20% are sintered at 1000, 1050, 

1100, 1150 and 1200 °C. Axial compression stress of the samples which are sintered at 1000 °C could 

not be obtained. Maximum axial compressive stress values are obtained from the groups which 

sintered at 1150 °C. According to gypsum ratios, maximum compressive stress value is obtained from 

5% gypsum samples at a level as 46.7 MPa. 

2- In samples are sintered at 1150 °C, at which maximal compressive strength is obtained, it is observed 

that unit volume weigths are decreased by increasing gypsum ratios. Minimum unit volume weights 

are observed at the samples which are sintered at 1200 °C. At this temperature level, raw perlite 
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showed a tendency to expand independent from gypsum ratio and similar resultsare obtained for all 

gypsum-mixed samples. 

3- At 1150 °C sintering temperature, because it is close to melting point of perlite all mitures showed a 

tendency to be vitrificated and water absorbtion ability is quite reduced. Moreover, water absorbtion 

ability decreases proportional to decrease in gypsum rate. At 1200 °C, water absorbtion levels 

observed as zero for all gypsum-mixed samples. 

4- Corossion resistance of samples are increased by increasing sintering temperature. Corossion is 

minimum at 1200 °C but even at 1150 °C corrosion performance values are better than C30 concrete. 

5- Maximum compactness ratio is observed at 1150 °C. Compactness increase by increasing gypsum 

ratio. For 5% gypsum samples, 85 % compactness rate has been reached. 

6- According to the physical and mechanical values, optimum sintering temperature acknowledged as 

1150 °C in for sample production. 

In conclusion, mechanical properties take the first place in the parameters which are expected from concretes 

and rocks. Properties of the product obtained from raw perlite, which is assumed as inert material, by sintering 

at 1150 °Cwith 5% gypsum are better than most of the concretes and rocks. Other physical parameters of the 

product also meets the requirements in the standarts. By the results of this study, it is observed that perlite 

based products could be used as both vertical and horizontal innovative contruction materials. However, for 

this material, the effects of sintering times on change in physical and mechanical properties are need to be 

investigated. 
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