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The wastes generated by the recent industrial developments threaten the 

future of the world. Therefore, researches on the recycling of the industrial 

wastes in various ways are increasing day by day. In this study, glass 

powder, a waste of glass industry, colemanite ore waste, a by-product of 

boron industry and filter cake, one of the wastes of sugar factories, were 

used. The evaluation of these wastes in gypsum and lime based mortars has 

been investigated. In this study, 10, 20 and 30% of the waste materials were 

used instead of gypsum. Unit weights, ultrasonic pulse velocities, apparent 

porosities and thermal conductivity coefficients of the gypsum-lime based 

mortars were determined. Compressive strength and bending strength tests 

were performed to determine the mechanical properties. The results 

indicated that the use of wastes negatively affected the mechanical 

properties while improving the thermal properties. 

Keywords: gypsum, lime, waste glass powder, colemanite ore waste, sugar 

factory filter cake 

1. Introduction 

Gypsum is one of the most preferred building materials in the world. It is used frequently due to 

its good acoustic performance, fire prevention, moisture balance of building elements and natural, 

organic and environmentally friendly properties [1]. Besides, it is easy and cheap to produce. 

However, the fact that the plaster is very brittle and non-resistant to cracking makes it difficult to use 

as exterior material [2]. For this reason, in some applications, it has been aimed to improve some 

mechanical properties by adding reinforcing materials such as various fibers or aggregates into 

gypsum mixtures and it has even been made available as plates [3].  

Lime is one of the most traditional binders used in the world for centuries. In the last few 

decades, it has attracted more attention due to its mechanical strength, modulus of elasticity and water 

vapor permeability. At the same time, it has become one of the alternative binders for cement due to 

its more embodied energy and greenhouse gas emission. Thus, research on lime products, lime-based 

mortars and injections have increased [4, 5].  

Today, to reduce environmental hazards arising from the production of Portland cement, 

researches have focused on obtaining economic binders using industrial by-products and wastes (blast 

furnace slag, silica fume, fly ash) and natural resources (natural pozzolans, lime, gypsum, calcined 

clays). Because the factors that triggered global warming have become one of the most fundamental 

problems [6]. The use of some industrial wastes as mineral additives with Portland cement has become 
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very popular for this purpose. In this way, energy consumption is reduced, the economy is provided, 

ecological balance and natural resources are protected [7].  

Gypsum is a material that hardens when it reacts with water. The water used in gypsum 

mixtures can be divided into two parts. The first part is the part necessary for the gypsum to be 

hydrated. The second part is the part that necessary for achieving the workability. The second part of 

the water constitutes a large part of the water added to the mixture and will then leave the structure in 

the air voids, depending on age and drying. The use of high amounts of water causes negativity in 

terms of mechanical properties [8].   

In the literature, it is seen that the use of different additives to improve the physico-mechanical 

and hydrophobic properties of gypsum-containing mixtures to keep their structure together against 

deterioration. For example, Wang et al. [9], evaluated the use of metakaolin in gypsum-lime mixtures, 

while Morsy et al. [6] evaluated the use of fly ash as well as metakaolin in gypsum-lime mixtures. 

Demir and Başpınar [10] investigated the use of silica fume and expanded perlite in fly ash-lime-

gypsum mixtures. Gourav and Reddy [11] produced bricks from gypsum-lime mixtures containing fly 

ash and investigated their structural performance. Neto et al. [12] conducted studies on the use of blast 

furnace slag in gypsum and lime mixtures and del Rio Merino et al. [13] worked on the evaluation of 

ceramic wastes in gypsum mixtures. Khalil et al. [14] used rice husk ash together with slag to improve 

the properties of gypsum-lime mixtures. In another study, Aubert et al. [15] examined the rate of 

gypsum and lime consumption in lime-gypsum mixtures using natural pozzolan, silica powder, and 

waste paper sludge ash.  

As can be seen, it has been paid attention that the additives used in the studies are waste and / or 

show pozzolanic properties. Thus, it is aimed to obtain improved and / or economical products. 

Pozzolan is the general name of natural of inorganic materials that react in the presence of calcium 

hydroxide (lime) and water and harden [16]. For this reason, the pozzolanic properties of the additives 

used to make the idea that they can contribute to the strength. The fact that the material is waste, 

contributes to environmental protection and enables a more economical mixture to be produced. 

According to data from the year 2017, 1.331.265 tonnes of glass packaging is manufactured in 

Turkey. 23% of the marketed portion of these produced packages was recycled [17]. According to 

2016 data, these values are 99% in Sweden, 98% in Switzerland, 96% in Belgium and 85% in 

Germany [18]. Waste glasses are generally stored in solid waste landfills if they cannot be recycled. 

This causes environmental problems [19]. For this reason, recent studies on the potential of glass 

wastes in the concrete and cement industry are being conducted frequently. Various researchers are 

being conducted on the use of waste glass in the aggregate form [20], filler material [21], geopolymer 

raw material [22] and concrete admixture [23]. Researchers have reported that even if used in small 

proportions, finely ground glass powder may exhibit more pozzolanic activity than fly ash, which is 

very common in use [24].  

Turkey, as is known, has about 72% of boron known reserves around the world. Boron is a 

precious mineral used in industry, energy, and medicine. Turkey is the worlds’s second-largest boron 

and components manufacturer after the United States. The most common boron minerals are 

colemanite, ulexite, and tincal. These minerals are subjected to various processes in production sites 

and turned into boric acid and borates in plants. Some by-products are generated from this production 

and these wastes cause environmental pollution. Colemanite ore wastes resulting from colemanite 

processing are collected in ponds close to the facility are and create a risk of pollution by mixing with 

underground water resources [25]. For this reason, studies on the evaluation of colemanite ore wastes 
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in the cement and concrete industry have shown that the wastes contribute to the concretes later age 

strength. Olgun et al. [26], in their study in cement production by using colemanite ore waste instead 

of gypsum, obtained positive results and reported that a denser microstructure was obtained. 

 Approximately 65-70% of the world’s sugar production is met by sugar cane [27]. According to 

2013 data, annual sugar cane production is 1.877 Mt. Approximately 104 kg of sugar is obtained from 

1000 kg sugar cane harvested after reaching the factory and subjected to various processes, which 

corresponds to about 13% of the first crop. The remaining parts are treated as sugar factory wastes. 

Sugar factories have three main wastes. These are sugar cane pulp, molasses, and filter cake. Up to 

52% of the total product is liquid waste, 28% is pulp, 3% is molasses and 4% is filter cake [28]. The 

filter cake is a product produced after the purification of sugar water and is one of the main solid 

wastes of the sugar industry. The safe storage and disposal of this product have always been an 

important issue. Random storage may cause occupation of space due to stacking, air pollution and 

groundwater pollution [29]. The basic chemical component of the filter cake is CaO, which is also 

main component of the lime-based cement components. Therefore, investigations have been made on 

the usability of filter cake instead of lime-based raw materials in cement clinker production [30]. Li et 

al. [31, 32] examined the hydration characteristics of the product by using filter cake instead of lime-

based materials in clinker production and obtained positive results up to certain ratios. It is also seen in 

the literature that filter cake is used in fields such as soil improvement [33], light foam concrete 

production [28] and brick production [34].  

In this study, waste glass powder (WGP), colemanite ore waste (COW) and sugar factory filter 

cake (SFC) were used in 10, 20 and 30% ratios in gypsum-lime based mixtures. The unit weights, 

ultrasonic pulse velocity values, bending and compressive strengths, apparent porosity values and 

thermal conductivity coefficients of the produced samples were examined and the evaluability of these 

waste materials in gypsum applications was investigated.  By this way, it is aimed to preserve gypsum 

sources and to evaluate waste materials in the gypsum-based mixtures. 

2. Materials and Methods 

2.1. Materials 

WGP used in the study was taken from the waste powders of a glass factory operating in the 

Kahramanmaraş region. COW was obtained from Bigadiç Boron Plant’s wastes. The SFC was taken 

from Elbistan sugar factory wastes. All wastes obtained was milled in the ball mill and sieved to a size 

of less than 30 microns. The gypsum used as the main material is commercially obtained, has a 

specific surface value of 4280 m2/g and a density of 2.91 g/cm3. The lime used in the study was 

commercially obtained meets with TS EN 459-1. Chemical analysis and images of waste materials 

used are given in Table 1 and Fig. 1., respectively.  

Table 1. Chemical and physical properties of waste materials. 

Compound (%) Waste Glass Powder Colemanite Ore Waste Sugar Factory Filter Cake 

Chemical analysis results 

SiO2 72.65 34.15 2.55 
Al2O3 0.76 9.96 0.83 
Fe2O3 0.19 5.67 0.35 
CaO 9.36 12.05 37.66 
MgO 4.16 - 1.21 
SO3 0.21 - 0.21 
Na2O + K2O 12.88 - 0.39 
B2O3 - 19.06 - 
Loss on ignition (%) - 9.68 54.87 

Physical analysis results 

Density (g/cm3) 2.75 2.41 2.07 
Fineness < 30 µm < 30 µm < 30 µm 
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                       (a) Waste glass powder (b) Colemanite ore waste 

 
(c) Sugar factory filter cake 

Figure 1. Images of waste glass powder, colemanite ore waste and sugar factory filter cake. 

As fine aggregate standard CEN sand with a density of 2.63 g/cm3 and waster absorption of 

%1.50 was used. The grain distribution of the standard CEN sand is given in Figure 2. 

 

Figure 2. Grain distribution of standard CEN sand. 

2.2. Methods 

The mix design used in the study is given in Table 2. In the table, codes for reference sample, 

WGP, COW and SFC are “R”, “GP”, “CW” and “FC”, respectively. All waste materials were used in 

10, 20 and 30% by weight instead of gypsum. The mixtures were prepared according to EN 13454-2. 

Water was poured into the bowl and then gypsum-lime was added. The materials mixed for 30 s at low 

speed and the sand added and then mixed 30 more seconds. Finally, the materials mixed for 60 s at 

high speed. The fresh mixes were cast into molds of 40x40x160 mm and vibration was applied for 30 

seconds. The samples were removed from the molds after 24 hours and kept at 23±2 oC and 

approximately 50% humidiy for 28 days. 
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Table 2. Mix design of waste containing gypsum-lime based mortars (g). 

Code Gypsum Lime Fine Aggr. WGP SFC COW W/B1 

R 675 225 1350 0 0 0 0.60 

GP10 607.5 225 1350 67.5 0 0 0.60 

GP20 540 225 1350 135 0 0 0.60 

GP30 472.5 225 1350 202.5 0 0 0.60 

CW10 607.5 225 1350 0 0 67.5 0.60 

CW20 540 225 1350 0 0 135 0.60 

CW30 472.5 225 1350 0 0 202.5 0.60 

FC10 607.5 225 1350 0 67.5 0 0.60 

FC20 540 225 1350 0 135 0 0.60 

FC30 472.5 225 1350 0 202.5 0 0.60 

1 Water/binder ratio 

At the end of this period, the samples were kept in the oven at 40 oC for 24 hours and free 

moisture was removed. The samples were then subjected to unit weight, ultrasonic pulse velocity 

(UPV) (ASTM C597), thermal conductivity (ASTM D7984), compressive strength, and bending 

strength tests (TS EN 13279-2). Some samples were saturated with water and the amount of water 

absorption was determined, as well as the apparent porosity values were measured using the 

Archimedes method (ASTM C20). 

3. Results and Discussion 

3.1. Unit Weights 

The unit weights of the samples are shown in Figure 3. 

 

 

Figure 3. Unit weight results. 

The unit weight values varied between 1675 – 1729 kg/m3. The highest value was obtained from 

the sample R, which does not contain any waste material. The lowest value was obtained from 30% 

COW containing sample. From Figure 3, it can be obviously seen that waste incorporation decreased 

the unit weights of the gypsum-lime based samples. The effect of COW and SFC is more effective 

than WGP, especially at higher percentages. The unit weight decreased %3.1 at most, which is 

obtained from CW30. It can be concluded that waste addition decreased the unit weight but the level 

of the reduction is not very significant. The reason of the decrease of the unit weight can be related to 

the reactions of the waste materials. It is believed that due to unreacted particles, sufficient 

development in the paste phase does not occur and a more porous structure formed. This situation 

discussed again in section 3.3. and 3.5. 

3.2. Ultrasonic Pulse Velocity 

Ultrasonic pulse velocity (UPV) results are given in Figure 4. The relation between UPV and 

apparent porosity of the samples is given in Figure 5. 
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Figure 4. Ultrasonic pulse velocity results.                                 Figure 5. Apparent porosity and UPV relation. 

The ultrasonic pulse velocity values varied between 1667 – 2841 m/s. The highest value 

obtained from sample R and the lowest value obtained from CW30. The UPV values of all waste 

added gypsum-lime based mortars decreased compared to R. However, the decrement in WGP and 

SFC is not as significant as COW containing samples. Especially higher amount of COW 

incorporation, 20% and 30%, changed the value 11% and 32%. It is known that the ultrasonic pulse 

velocity is strongly related to the pore structure of the material. The velocity of the ultrasonic waves in 

the body is slowed down by the high amount of voids, and it is higher in low-void bodies. The results 

can be evaluated that as the increase in the amount of COW, the pore structure increases. As can be 

seen from Figure 5, there is a strong relation between them and while the porosity increases the UPV 

decreases. 

3.3. Apparent Porosity 

The apparent porosity values of the samples are given in Figure 6.  

 

Figure 6. Apparent porosity of the samples. 

The porosity values of gypsum-lime based mortars varied between 25.2% - 29.1%. Tesch and 

Middendorf [35] studied porosity values of many different gypsum-lime based mortars at different 

storage conditions and found that the values obtained varied between approximately 17% – 34%. As 

can be seen from Figure 6, the highest porosity value obtained from the CW30 sample. The lowest 

porosity value belongs to sample R. In section 3.2. it was mentioned about the relation between 

porosity and UPV. According to the results, all waste containing samples have higher porosity value 

than the R sample. Samples containing WGP have lower porosity value than other waste groups. With 

the increase of COW and SFC, the porosity value increased. Especially at 30% of addition, the highest 

porosity values obtained.  

These results can be related to the reactions of waste materials. WGP is a pozzolanic material. It 

is expected to react with lime and occur C-S-H gels in the structure. C-S-H gels are the main phase of 
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cementitious materials, which provide the strength of the matrix. The chemical composition of COW 

and SFC is probably not sufficient for their participation in chemical reactions. Therefore, they create 

more voids in the structure. From the view of strength, the increment in pore amount is not desired, 

but from the view of thermal conductivity, high porosity is the desired situation. 

3.4. Water Absorption 

The water absorption values of the samples are shown in Figure 7. Figure 8 shows the relation 

between apparent porosity and water absorption. 

 

 

Figure 7. Water absorption values of the samples.                Figure 8. Apparent porosity and water absorption relation. 

The water absorption values varied between 15.2% - 18.1%. The lowest value obtained from the 

sample R. It can be seen that water absorption values increased with the increase of waste content. The 

highest water absorption value obtained from CW30. SFC additive was also found to increase waster 

absorption values, especially when used at high amounts. These results can be related to the pore 

structure of the material. As seen in section 3.3., high water absorption values were obtained from 

samples with high porosity. The R2 value is very high, which indicates a strong correlation between 

these two parameters. 

3.5. Compressive Strength 

The results of compressive strength tests are given in Figure 9. The compressive strength results 

varied between 7.5 MPa – 19.1 MPa. The compressive strengths of the samples were gradually 

reduced with the addition of waste additives. The highest value belongs to sample R. According to 

Turkish standards on gypsum plasters [36], various compressive strength limits are specified for 

different types of gypsum plasters. 

 

 

Figure 9. Compressive strength values of samples. 
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For most gypsum plaster types, it is considered sufficient to have a compressive strength over 2 

MPa, while for some types of gypsum plasters this limit increases up to 6 MPa at most. On the other 

hand, the highest lower limit for compressive strength of limes for structural application is 5 MPa, 

according to the Turkish standards conforming European norms [37]. As can be seen from Figure 9, 

the compressive strength values of all the gypsum-lime based mortars are over 6 MPa. However, 

CW30, which has the lowest compressive strength value has a compressive strength loss of 60.7%. 

The closest result to the reference sample was obtained from the G10 sample. This sample showed a 

decrease of 15.7% compared to the sample R.  

It is a known fact that porosity has a significant effect on the mechanical properties of the 

materials. Compressive strength is one of the most important mechanical properties of the structural 

material. An increase in porosity decreases compressive strength. In the literature, many experimental 

studies have been conducted on this subject and theoretical equations have been generated. In the 

studies carried out on gypsum plasters, the relationship between the porosity and compressive strength 

has been presented experimentally and theoretically [38, 39]. In the light of these data, it will be more 

meaningful to evaluate the compressive strength results together with porosity results given in section 

3.3. It is seen that the amount of pores formed by the use of waste additives significantly affected the 

compressive strength results. 

3.6. Bending Strength 

The results of bending strength tests are given in Figure 10. The bending strength results varied 

between 3.4 MPa – 5.7 MPa. The trend of the results is similar to the compressive strength results. The 

highest value belongs to R sample and the lowest obtained from CW30. Morsy et al. [6] performed 

bending tests on metakaolin – fly ash – lime – gypsum containing sample and the results varied 

between 2.2  MPa – 4.1 MPa. In another study performed by Vimmrova et al. [40] on gypsum – lime – 

metakaolin binders, the highest bending strength value was 5.8 MPa. In general, it can be seen that 

WGP containing samples gave higher bending strength values than other waste containing groups. 

This may be partly due to the pozzolanic nature of the WGP. Besides, as it can be seen from the results 

of unit weight, UPV and porosity, the pore-forming effects of other wastes are thought to have a 

negative effect on bending strength results as the effect on the compressive strength results. 

 

Figure 10. Bending strength values of samples. 
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obtained from GP10, which is 0.802 W/mK. It can be seen that from the figure, waste addition 

decreased the thermal conductivity coefficient between 10.3% and 37.7%. The increment in the 

thermal performance of the sample is related to a decrease in unit weight and an increase in porosity 

with the addition of wastes. The microstructure of a material strongly affects the thermal conductivity 

[41]. Vimmarova et al. [40] investigated the thermal performance of gypsum – lime – metakaolin 

binders and the values changed between 0.198 – 0.348 W/mK. The results are quite low, but it should 

be noted that the water/binder ratio used in the study ranged from 0.7 to 0.85. Another study [42] 

based on diatomite added gypsums, which is a very low density and porous material, reported that the 

thermal conductivity values varied between 0.348 – 0.497 W/mK.  

 

 

Figure 11. Thermal conductivity coefficients of samples. 

3.8. Scanning Electron Microscopy 

To examine the microstructure of samples, SEM micrographs were taken from some samples. 

Figure 12 shows the SEM micrographs.  

 The micrographs were taken from every 10% and 30% waste containing sample besides sample 

R. In these micrographs two basic points are examined. The first one is the porosity and the 

compactness of the matrix phase and the second one is the quality of the adherence between the 

aggregate particles and the matrix. From Figure 12a, it can be seen that the matrix phase and the 

adherence between the matrix and the aggregate are quite denser. This denser structure appears to be 

looser in the waste added samples. Particularly in the case of COW-containing samples, it can be seen 

that needle-like gypsum crystals have a much more separate structure. When the adherence condition 

of the samples examined, it is seen that the aggregate-matrix interface is much looser in samples 

containing COW and there are significant gaps between aggregates and the paste phase. In samples 

containing WGP, it can be seen that the paste is more compact and the aggregates are better covered 

by the paste phase. 

4. Conclusions 

In this study, the use of some waste material in gypsum-lime based mortars was experimentally 

investigated. According to the data obtained, the following conclusions can be drawn; 

 Waste addition slightly decreased the unit weight. In this way a more lightweight product 

obtained. 

 Ultrasonic pulse velocity values decreased with the increase of the waste amount.  This is 

related to the amount of the pores in the body. This finding also confirmed by the results of 

the apparent porosity test. The highest porosity obtained from CW30. 
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 Water absorptions of the samples increase by the increase in waste amount. This is also 

related to the pore structure. 

 The highest compressive and bending strength was obtained from sample R. Waste addition 

decreased the mechanical properties. This is related to the loose microstructure of the matrix 

and the aggregate-paste interface. 

 Waste addition improved the thermal properties of the samples. The thermal conductivity 

coefficient decreased between 10.3% - 37.7%. 

 
 

 

 
 

 

 
 

 

 

 

 

Figure 12. SEM images of a) R b) G10 c) G30 d) S10 e) S30 f) C10 g) C30 
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