
 

J. Appl. Environ. Biol. Sci., 8(1)125-133, 2018 

© 2018, TextRoad Publication 

ISSN: 2090-4274 

Journal of Applied Environmental  

and Biological Sciences 

www.textroad.com 

 

*Corresponding Author: Lailan Ni’mah, Chemical Engineering Department, Engineering Faculty, Lambung Mangkurat University.  

                                           Email: lailan.nimah@gmail.com 

Lightweight Concrete Production by Gypsum from Waste Materials of   

Clamshell and Eggshell 

 
Lailan Ni’mah1*, Fidelis Boy Manurung2, Eka Pramita3 

 
1,2,3Chemical Engineering Department, Engineering Faculty, Lambung Mangkurat University, Banjarbaru 70714, Indonesia 

 
Received: August 10, 2017 

Accepted: November 1, 2017 

ABSTRACT 

 

Lightweight concrete is the most widely used in civil construction material. Lightweight concrete has a lighter volume weight and 

lower density. To form a lightweight concrete required the addition of gypsum. This research is done by calcination process with 

the material used is shell and egg shell waste in order to get the best composition from CaO as gypsum composer in making light 

concrete. CaO can be produced from the decomposition of CaCO3 contained in the shells and egg shells. The process for 

obtaining CaO is shell waste and washed eggshell, dried with oven at 100ºC for 2 hours, then mashed with and sieved to reach 

355 micron size. 500 grams of shell waste and eggshells were calcined at 900ºC for 6 hours using furnace. In the calcination 

process will be obtained CaCO3 to be reacted with H2SO4 and H2O to form gypsum. Gypsum is used as a raw material in the 

manufacture of lightweight concrete. The obtained gypsum was analyzed by SEM (Scanning Electron Microscope) test to observe 

the material surface and XRD (X-Ray Difraction) for analyzed mineral structure. For making gypsum done by mixing eggshells, 

clamshell, H2SO4, H2O with variation 40: 0: 20: 40; 30: 10: 20: 40; 20: 20: 20: 40; 10: 30: 20: 40; and 0: 40: 20: 40. To obtain 

lightweight concrete is done by mixing gypsum, white cement, styrofoam and H2O with variation of 30: 15: 5: 50: 30. The results 

obtained were the best composition of gypsum composition of eggshell and eggshell in the BRG3 samples with ratio of 20% 

eggshell, 20% clamshell, 20% sulfuric acid and 40% H2O result 269.9 gram from mass total 450 grams. For the best composition 

of lightweight concrete made from gypsum raw is found in BRG3 sample with water absorption of 5.08% and compressive 

strength 16.840 kg / cm2. Seangkan, the smallest water absorption is in variable 1 of 2.18%. The result of SEM analysis for the 

best gypsum structure is found in gypsum 3. XRD analysis shows that gypsum contains CaSO4.H2O; CaSO4; CaO; SiO2; and 

MgO. 

KEYWORDS: Gypsum, lightweight concrete, clamshell, eggshell, compressive strength, water absorption. 

 

INTRODUCTION 

 

The development of the world of construction is never separated from the use of concrete as a material reinforcement 

structure. Concrete is a very popular building material used in the world of construction services because the concrete is easy to 

form and will not change shape when it has reached a certain time. Research on concrete will continue to grow to meet the 

demands of the times and conditions of the environment and modernization also encourages the rapid growth of development in 

various countries. Knowledge and technology in the field of construction[3,4,5,6,7,8] continue to grow as the development 

increases. The high level of development in various countries has impacted on the use of improved light construction materials. 

One of the most widely used construction[3,4,5,6,7,8] materials is lightweight concrete. Lightweight concrete[9,10,11] requires a 

mild aggregate in its manufacture. The lightweight aggregate is gypsum[1]. Gypsum[1] has been obtained through the mining 

process. Continuous exploitation of mining materials[4,5,7,8,12,13,14] makes the quantity of minerals less and can have an 

impact on the environment. Given the current mining situation the use of construction[3,4,5,6,7,8] materials should be done 

effectively. Center of TEKMIRA LITBANG in 2013 recorded in 1997 gypsum[1] requirement increased sharply that is equal to 

2,623,857.22 ton while production amount only 2,110,000.00 ton, production amount less than the amount of consumption so that 

required gypsum[1] import equal to 513,603.56 ton for Meet the needs of gypsum[1,2]. Utilization of waste[1,6,7,8,10,11,15,16] 

is one of the right solutions to overcome the problem of the scarcity of mining materials[4,5,7,8,12,13,14], for example the 

utilization of clamshell waste and eggshell into the basic ingredients of gypsum[1]. Besides obtained from nature, gypsum[1] can 

also be made from organic materials[4,5,7,8,12,13,14] containing CaCO3 compounds such clamshells and egg shells. 

Clamshell is one of the organic materials that contain the compound CaCO3[17]. Shellfish is also one of the commodities of 

Indonesian fishery products that are widely used as processed seafood. Shellfish cultivation is not difficult to make a lot of 

commodity shells traded. Shell yield per hectare per year can reach 200-300 tons of whole shell or about 60-100 tons of clam 

meat. Part of the shell that is widely used is the meat or aduktor muscle only while the shell is removed and become waste 

[1,6,7,8,10,11,15,16]. During this time, clamshell waste is used as a craft materials [4,5,7,8,12,13,14] such as home wall hangings 

or accessories. 
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According to[18], another source of CaCO3 that has not been utilized as is eggshell waste. Based on egg production data from 

the Directorate General of Animal Husbandry in 2012-2016[19] presented in Table 1. as follows: 

 

Table 1 Production Data of Eggs in Indonesia 
Egg Type 2012 (ton) 2013 (ton) 2014 (ton) 2015 (ton) 2016 (ton) Increase 

(%) 

Native chicken 197,084 194,620 184,637 190,739 196,138 2.83 

Laying Chickens 1,139,946 1,224,400 1,244,312 1,372,829 1,428,195 4.03 

Total 1,337,030 1,419,020 1,428,949 1,563,568 1,624,333 6.83 

 

Based on Table 1, the number of egg production in Indonesia shows the number of egg production in Indonesia each year 

increased with the percentage increase reached 6,83%. 

Clamshell and eggshell can be used as a source of CaO. CaO can be produced from the decomposition of CaCO3 or 

Ca(OH)2[17]. Based on the literature, it is known that the content of CaO in clamshell is about 66,7%[20] and the content of CaO 

in eggshell is about 56,89%[21]. This research was conducted to make lightweight concrete[9,10,11] made from gypsum[1] raw 

from clamshell and eggshell shell. If this technology can be developed it will increase the use value of clamshell and egg shells so 

that the waste is not only a household waste[1,6,7,8,10,11,15,16] but can be utilized into something more economical value. 

 

Concrete 

Concrete is the most widely used construction[3,4,5,6,7,8] material. Concrete has several advantages such as relatively 

cheap price, easy to form, able to withstand high compressive forces, and resistant to changes in weather and the environment. But 

in addition to these advantages, concrete[9,10,11] has a deficiency such as heavy structures due to the weight of the concrete. To 

overcome the shortcomings of the concrete[9,10], the use of conventional concrete is replaced with lightweight concrete. Light 

concrete[9,10,11] has density variation between 300-1850 kg/m3[22]. Lightweight concrete[9,10,11] has a lighter weight volume 

and lower density, lightweight concrete also has the same mixture as conventional concrete, only rough aggregate weight on 

lightweight concrete needs to be reduced[23]. 

 

Gypsum 

Gypsum is one example of minerals with high levels of calcium. Gypsum is the most commonly found with type dihydrate 

calcium sulfate and chemical formula CaSO4.2H2O[24]. One of the ingredients of concrete is Gypsum. Gypsum is a white stone 

formed due to sea water contamination and heating at 175°C. Gypsum is one of the most sedimentary minerals and is produced on 

a large scale with persitilation of saltwater. Gypsum can be used as a natural adhesive and feels warm to the touch. Gypsum 

contains 23.28% calcium; 2.34% hydrogen; 32.57% calcium oxide; 20.93% water; and 18.62% sulfur[25]. 

 

Compressive Strength 

Concrete is a construction[33] material[4,5,7,8,12,13,14] having a characteristic compressive strength[9,10,11], that is, 

when examined by a large number of test objects, its value will spread around a certain average value. Based on the collapsed 

loads that can be received by the specimen, the value of the compressive strength of the lightweight concrete[9,10,11] can be 

calculated using the following formula[26] : 

�� =
�

�
 

Description :  

fc = compressive strength (kg/cm2) 

P = Collapse load that can be accepted by the test object (kg) 

A = Width of press field (cm2) 

 

The formula for water absorption is : 

WB = 
����	

�	

 100% 

Description : 

WB  = Concrete water absorption (%) 

Mj = Density of water (g) 

Mk = Dry sample mass (g) 

 

MATERIALS AND METHODS 

Raw Material Preparation 

Waste of clamshell and eggshell was washed using aquadest. Then the shells and shells of eggshells are dried by oven at 

100ºC for 2 hours. After drying, the shells and egg shells are smoothed using porcelain mortar and sieved up to 355 micron. 

 

Gypsum Production Process 

Waste of shell shells and shell sieves of 500 g per raw material were calcined at 900ºC for 6 hours using furnace. After shell 

wastes and eggshell shells are calcined, a variable composition is used. Then diluted with distilled water[32] with a composition 
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based on fixed variables, then added sulfuric acid solution based on fixed variable. Previously 97% sulfuric acid to be used was 

diluted to a concentration of 30% using aquadest. The third mixture of the material is stirred using a stirring motor at a speed of 

600 rpm to homogeneous. Homogeneous slurry is introduced into an anti-heat container to be dried using an oven at 100ºC for 2 

hours and weighs the weight. 

 

Table 2 Mixing ratio clamshells, eggshells, sulfuric acid solution, and distilled water 
Sample Compositions 

Eggshell (%) Clamshells (%) H2SO4 (%) H2O (%) 

G1 40 0 20 40 

G2 30 10 20 40 

G3 20 20 20 40 

G4 10 30 20 40 

G5 0 40 20 40 

 

Table 3 Mixing ratio of lightweight concrete samples made from gypsum 
Sample Compositions 

Gypsum 

(%) 

White Cement 

(%) 

Styrofoam 

(%) 

H2O (mL) 

BRG1 30 15 5 50 

BRG2 30 15 5 50 

BRG3 30 15 5 50 

BRG4 30 15 5 50 

BRG5 30 15 5 50 

BRGK 30 15 5 50 

 

Characterization and Sample Analysis 

Analysis of Clamshells, Eggshells, and Gypsum 

Analysis of the levels of CaCO3, CaO and SO3 in clamshells, eggshells and gypsum[1] characterization is done by using 

XRD and SEM. XRD (X-Ray Diffraction) is a test to determine the minerals contained in the sample clamshells, eggshells, and 

gypsum. Whereas, SEM test aims to observe the surface of the sample in more detail. 

 

Gypsum Characterization 

Characterization of gypsum[1] is done through a compressive test. a compressive strength test was performed to determine 

the physical hardness of gypsum. In performing test of gypsum[1] press force by using cylindrical container at diameter 4 cm and 

height 8 cm. Gypsum compressive strength test is performed after 7 days of drying the specimen. The tool used in this testing 

process is compressive strength[9,10,11] machine. 

 

RESULTS AND DISCUSSION 

Raw Material Calcination Process 

The raw materials used in this research are waste eggshells and clamshells. The raw material of eggshell waste is obtained 

from the waste of bakery, restaurant and street vendors around Banjarbaru area. While the clamshell obtained from the shell waste 

that is on the edge of Takisung beach, Pelaihari. In the process of calcined raw materials, first the raw materials first cleaned and 

washed thoroughly. Then the raw material is dried and uniformed to size 355 micron size. Next 500 grams of clamshell and 

eggshell waste were mashed at 355 micron and calcined at 900° C for 6 hours using furnace. 

After going through the calcination process, there is a change in the physical properties of each raw material of egg shells 

and clamshell. The change in physical properties is indicated by the change of color. Color changes in eggshells and clamshells 

can be seen in Figure 3 as follows: 

 

 

 

 

 

 

 

 

 

 

 

(a)               (b)                         (c)                     (d) 

Figure 1 (a) Eggshells before calcination, (b) Eggshells after calcination, (c) Clamshells before calcination, and (d) 

Clamshells after calcination 
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After calcination, the eggshell’s weighs less from 500 grams to 367 grams with a yield of 0.734 whereas the clamshell, 

after calcination weighs less from 500 grams to 290.5 grams with a yield of 0.581. This is due to the decomposition and release of 

CO2 to the air from the CaCO3 compounds contained in the eggshell and the clamshell into CaO which the reaction equation is 

[18]: 

CaCO3  CaO  +  CO2 . . . (1) 

 

The results of observation is, eggshell and clamshell was changed the color after calcination that is initially yellowish white 

eggshell to white. While the clamshell samples after the initial calcination of white to grayish white. The color change in the 

eggshell sample from yellowish white to white occurs as a result of the calcination process carried out which indicates that CaO 

(calcium oxide) has formed and that the product of the reaction comprises CaO (calcium oxide)[21]. While on the results of 

calcination of clamshell where the color change from white to grayish white due to the content of ash of organic 

material[4,5,7,8,12,13,14] contained so that the color becomes so [27]. 

 

Result of characterization test 

The calcined eggshell and shellfish samples were then characterized by SEM analysis to determine the morphological 

structure of the two samples. The process of calcining eggshell and clamshell was done at 900ºC for 6 hours. The result of SEM 

eggshell analysis with magnification 2,500x and 5,000x can be seen in figure 4 as follows. 

 
(a) (b) 

 

Figure 4 SEM analysis result of eggshell sample after calcined with magnification (a) 2,5000x and (b) 5,000x 

 

The result of SEM analysis on eggshell samples showed uneven size distribution and amorphous grain shape. Clump-like 

structures on the surface of the particles show the formation of silica compounds in the calcined eggshell samples[28] and the 

agglomeration structure showing the metal oxides formed by heat treatment in the calcination process[29]. The results of SEM 

analysis of clamshell samples after calcination showed the morphological structure that can be seen in Figure 5 as follows. 

 

 
(a)                        (b) 

 

Figure 5 Results of SEM analysis of clamshell after calcined with magnification (a) 2,5000x and (b) 5,000x 

 

The SEM analysis of clamshell after calcination showed a morphological structure of non-uniform particles and amorphous 

granules that were larger in size than eggshell samples. The dense clump-shaped structure on the surface of the particles shows the 

formation of the silica compound in the calcined eggshell sample[28] and the agglomeration structure showing the metal oxide 

formed by heat treatment in the calcination process[29]. The particle shape of the clamshell sample is still visible particles of the 

128 



J. Appl. Environ. Biol. Sci., 8(1)125-133, 2018 

 

shell-like shape prior to calcination, indicating that the remaining CaCO3 compounds remain in accordance with the color change 

that occurs after the process of calcining the shells showing grayish white ash Organic compounds. 

In addition to SEM analysis on egg shells and shells, eggshell samples and calcined clamshells are also analyzed by XRD 

to determine the compounds contained in the material. Results of XRD analysis of eggshells and clamshells can be seen in Figure 

6 as follows. 

 
Figure 6 XRD analysis for Eggshell and clamshell after calcined 

 

Based on Figure 6 shows the pattern of XRD analysis of shell powder and eggshell after calcination. XRD analysis on 

shellfish and eggshell after calcination aims to see and confirm that CaCO3 in shellfish and eggshell are decomposed into CaO. In 

the shells after calcination, there are peaks of CaCO3 and CaO diffraction. This indicates that there is still CaCO3 that is not 

decomposed to CaO with CaCO3 intensity of 1.219 cps deg at an angle of 2θ = 18.032 deg while the highest intensity of CaO is at 

an angle of 2θ = 37.407 deg for 1.324 cps deg. While in eggshell after calcination as well as shells still have diffraction patterns of 

CaCO3 with an intensity of 1,182 cps deg at an angle of 2θ = 17.859 deg while the highest peak of CaO intensity is at an angle of 

2θ = 37,270 deg at 890 cps deg. Based on the XRD analysis that the calcination results from the shells and eggshells indicating 

that CaCO3 has not been completely decomposed into CaO at 900 ° C for 6 hours. The amount of CaO obtained is very influential 

with the process of making gypsum[1] because CaO is the main ingredient in the reaction of gypsum formation. In addition to 

CaCO3 and CaO there are minerals of SiO2 and MgO obtained by XRD analysis with the appearance of diffraction peak not 

significantly different between shell and shell. The amount of SiO content on the shell and eggshell can affect the compressive 

strength of gypsum[1] that will be obtained. 

 

Gypsum Test Result 

Eggshell and calcined clamshell are used as raw material[4,5,7,8,12,13,14]for gypsum manufacture. Gypsum is formed 

from the result of eggshell and shellfish reactions with sulfuric acid and aquaded according to each variable. The mixing reactions 

of CaO, H2O, and H2SO4 are as follows: 

 CaO + H2O  →  Ca(OH)2   ... (2) 

 Ca(OH)2 + H2SO4 →  CaSO4.2H2O   ... (3) 

The gypsum obtained from the reaction product is then tested to know more clearly the compounds contained in the 

material[4,5,7,8,12,13,14] and the morphological structure of the material by XRD analysis and SEM analysis. The results of SEM 

gypsum1, gypsum 2, gypsum 3, gypsum 4, and gypsum 5 with magnification 5000x can be seen in Figure 7 as follows. 

Clamshell 

Eggshell 
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Figure 7 SEM analysis with magnification of 5000x in (a) Gypsum 1, (b) Gypsum 2, (c) Gypsum 3,  

(d) Gypsum 4, and (e) Gypsum 5 

 

The results of SEM analysis fifth sample of gypsum, that is gypsum 1, gypsum 2, gypsum 3, gypsum 4, and gypsum 5 

shows the structure morphology of crystalline resembles the yarn and stems according to the morphological structure of crystal 

gypsum and structure resembles a blob on the surface of the crystal gypsum which indicates The presence of silica elements 

contained in the five gypsum variables[28]. Based fifth SEM analysis results can be seen that the structure is best seen in gypsum 

3 with a crystal structure that looks bigger and structure that resembles a larger clumps. In addition, the morphological structure 

samples gypsum five variables indicate the number and different pore sizes, the results of SEM analysis of samples gypsum 1 

shows the number of pores are numerous and large pore size. For SEM analysis the gypsum 2 sample had fewer pores with smaller 

pore size than pore size in gypsum 1 sample. The result of SEM analysis of gypsum 3 sample showed smaller amount of pore with 

larger pore size when compared with gypsum sample 2. The morphological structure of the gypsum 4 sample shows more pore 

count than the gypsum 3 sample, but has a smaller pore size. While the gypsum 5 sample has a morphological structure that shows 

more pore amount than gypsum 4 sample with smaller pore size. Based on the form of gypsum crystals, silica content, and the 

number of pores and pore size of the five gypsum samples of variables 1, 2, 3, 4, and 5, it can be concluded that the best gypsum 

sample SEM analysis is shown in gypsum 3 sample. 

Besides SEM analysis conducted on samples of gypsum 1, gypsum 2, gypsum 3, gypsum 4 and gypsum 5, XRD analysis 

was also conducted on five samples of gypsum. XRD analysis is done to know the compound contained in the sample. The results 

of XRD analysis of the five gypsum samples can be seen in Figure 8 as follows. 

 

 
 

Figure 8 XRD Gypsum sample analysis results 

(a) (b) 

(e) (d) 

(c) 
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The result of this research is gypsum powder material with raw material from shell and cutaneous shell with gypsum 

characterization using XRD analysis. The XRD gypsum analysis results in Fig. 8 starts from 2θ = 10°-60°. XRD analysis results 

show the type of mineral content contained in the gypsum sample. The mineral types contained in the gypsum sample are 

CaSO4.H2O; CaSO4; CaO; SiO2; And MgO. It can be seen in FIG. 8 that the CaSO4mineral peak in each sample of gypsum 1 to 5 

shows an increase at an angle (2θ) of 11.51, respectively; 11.715; 11.505; 11.573; and; 11.55 deg with a great intensity of 169 

respectively; 1.530; 4.107; 1.533; and 74 cps deg the number of CaSO4 identified indicates that the sample has reacted between 

CaO and H2SO4, but in each sample Gypsum still found CaO.H2O content indicating that the sample has not fully formed CaSO4 

or CaSO4.H2O minerals with peak of highest intensity respectively at an angle (2θ) ¬ ie 28.483; 28.764; 28.937; 29.024; and 

28.646 deg with an intensity of 2.136; 1.711; 2.059; 2.071; and 2.192 cps deg. While in SiO2 minerals seen angle (2θ) ¬ peak 

intensity at gypsum 2, 3 and 4 that is 23.461; 23.251; and 23.299 deg with intensity of 297; 723; And 323 cps deg. While on 

gypsum 1 and 5 is not seen which signifies the intensity of SiO2 is very small. The high levels of SiO2 and CaO.H2O on gypsum 

greatly affect the compressive strength of the gypsum itself because SiO2 reacts to CaO.H2O gives strength to gypsum and can add 

to its constituent particles[30]. 

 

Water and Strong Water Absorption Test Tap Lightweight Concrete 

SNI Standard No. 03-0349-1989 water absorption in concrete by 25% percent weight of concrete. Based on the results of 

research conducted on each small sample of 25%, which states that the resulting light concrete has met the standard of concrete in 

general. Water absorption test on concrete[9,10,11]done by soaking concrete for 24 hours by using tap water and dioven for 1 hour 

at 100 °C temperature aimed to remove water on the surface of lightweight concrete. There is also a result of water absorption of 

each lightweight concrete sample I, II, III, IV, and V lightweight concrete made from raw gypsum from shell and egg shell and 

lightweight concrete made from conventional gypsum raw material is 2.18%; 6.92%; 8.77%; 5.96%; 5.08%; 5.38. From the results 

obtained by light concrete[9,10,11] that has the smallest water absorption in sample I. Based on research[31], that the percentage 

of water absorption depends on the pores or cavities contained in the concrete. With more pores the greater the water absorption so 

that the resistance of the concrete[9,10,11] will be reduced. Porosity in this concrete causes water to be easily absorbed into the 

gypsum. Water absorbed by gypsum begins when mixing of lightweight concrete material. All materials will absorb water when 

mixing occurs. 

The compressive strength of concrete[9,10,11] is influenced by the strength of its constituent components ie cement paste, 

cavity, aggregate and interface between cement paste and aggregate. From the results of the research, the maximum lightweight 

concrete press on the BRG4 sample was obtained. The result of concrete compressive strength test of each sample are 14,597 

Kg/cm2; 12,559 Kg/cm2; 16,840 Kg/cm2; 10,153 Kg/cm2; 10,928 Kg/cm2; and 26,422 Kg/cm2. For lightweight concrete 

composition, water absorption and concrete compressive strength test in detail see Table 5. 

 

Table 4 Concrete Weight Observation Results 
 

 

 

No 

 

 

Sample 

Compositions Lightweight 

concrete density 

(Kg/cm3) 

Absorption 

of 

lightweight 

concrete 

water (%) 

Lightweight 

Concrete 

Compressive 

Strength 

(kg/cm
2

) 

 

Gypsum 

(%) 

 

White 

Cement (%) 

 

Styrofoam 

(%) 

 
H2O 

(mL) 

1 BRG1 3

0 

1

5 

5 50 1241 2.18 14.597 

2 BRG2 3

0 

1

5 

5 50 1151 6.92 12.559 

3 BRG3 3

0 

1

5 

5 50 1320 8.77 16.840 

4 BRG4 3
0 

1
5 

5 50 1132 5.96 10.153 

5 BRG5 3

0 

1

5 

5 50 1098 5.08 10.928 

6 BRGK 3
0 

1
5 

5 50 1102 5.38 26.422 

Description: BRG = Lightweight Gypsum Concrete; BRGK = Conventional Gypsum Light Concrete 

 

Based on the results of the research, the largest gypsum lightweight concrete press on the BRG3 sample is 16.840 kg/cm2 

but the result of the compressive strength of lightweight concrete[9,10,11] is still beyond the result of the compressive strength of 

lightweight concrete made from conventional gypsum by 26.422 Kg / cm2 therefore this research needs to be fired again. Based 

on mild benton density which in this study has fulfilled setandar with big densiatas between 300-1850 kg/m3[22]. The greatest 

lightweight concrete density was found in the BRG1 sample. 
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CONCLUSION 

 

Based on the results of the research, the following conclusions are obtained: 

1. The best composition of Gypsum composition of eggshell. Eggshell was found in BRG3 sample with ratio of 20% eggshell, 

20% clamshell, 20% sulfuric acid and 40% of the resulting 269.9 gram of total mass of 450 gram. 

2. Comparison of the best composition of lightweight concrete made from raw Gypsum from waste eggshells and clamshells 

found in BRG3 sample with water absorption of 5.08% and compressive strength 16.640 kg / cm2. 

3. The lowest water absorption test value is found in gypsum of BGR1 sample that is 2.18%. 
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