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Abstract: 
       In this study, a mixture of (sand and sodium silicate (ratio 4:1) was composed , 

where sodium silicate is used as a binding agent, and put in an furnace at different 

temperatures ranging from (200-1000 0C). It was observed that the density and 

compressive strength with increasing temperature up to 800 0C degrees where the 

compressive strength at its maximum of  12 MPa. 
 

the effect of the waste glass used in the  mixture was studied by adding  different 

rates. It was observed that the density of the models increases with increased rates of 

waste glass, but at a temperature of   800 0 C noted that density decreases with the 

increase in the proportion of the mixture, while there was a clear increase in the 

strength of compression of the models with increased rates of waste glass . Also  the 

process of sintering was studied was developed models that have the same ratio (sand 

(52%), waste glass (28%), sodium silicate (20%)) in an oven at a temperature of 800 

were the physical properties (density, compressive strength and volume) with the 

change of time (4-20) hr the result show  that the density decreases with increasing 

temperature and also increased volume. The compression strength,  decreases with 

time but at 16 hr  it reaches a maximum of more than( 6 MPa). 
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1-Introduction  

       The uses of silica sand depend on its mineralogy, chemistry and physical 

properties. It is mainly used for making glass and glass fiber, silicon carbide, 

sodium silicate, Portland cement, silicon alloys and metals, filter media in 

water treatment, sand paper and also for foundry sand, hydraulic fracturing, 

sand blasting, paint and a host of other applications . A major portion of 

silica sand produced is consumed by glass industry. Important types of 

glasses made are sheet, flat, bottle, wired and figured, vacuum, laboratory, 

fiber, shell, flint, ophthalmic, beads etc. There exist both physical and 

chemical specifications for each use. American Ceramic Society and US 

Bureau of Standards also give detailed chemical specifications for silica sand 

for making different types of glasses. After glass, perhaps, maximum 

standardization has been made for foundry applications. Silica sand is used in 

both foundry cores and moulds because of its resistance to thermal shocks. 

Physical properties of the sand is far more important here than the chemical. 
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Silica content of 85% is used in iron castings while for steel foundries it 

should be minimum 95%. Silica particle volume distribution and grain shape 

are very important for foundry Application.                                                                                                                       

                                                                                                                          

Impurities usually present in the silica sand are free and coated iron oxides, 

clay, titania and smaller amounts of sodium, potassium and calcium minerals. 

The iron, being the most detrimental impurity, can be reduced by a number of 

physical, physico-chemical or chemical methods, the most appropriate 

method depends on the mineralogical forms and distribution of iron in  the 

ore [1-4]. 

At present, the problem of protection of the environment from industrial and 

domestic Waste glass acquires particular importance. This is why different 

technologies for neutralization and utilization large-scale wastes are being 

developed. However, down to present time even such traditional of 

technologies as reception of bricks [5-10] are constantly modified. And usig 

a sodium silicate gel  as alternative nucleating agent. Sodium silicate gel can 

reach inside the pores of porous 3D architectures to be used on tissue 

replacement and in tissue engineering scaffolding [11–13].                              

                                                                                                                                                                                               

Objective of the study is the production of building bricks from the local sand 

quarries located in Zubair in Basrah through the formation of a mixture of 

sand and waste glass, using a binder (sodium silicate) and reduce the melting 

point of the sand. 
 

That the reason for the study is to find alternatives to the product of mud 

bricks as well as the disposal of waste by recycling glass. 
 

And get a replacement can be used in everyday life as well as reduce the cost 

and investment of the sand available in the province of Basra. As well as 

reducing the time required for their production. 

   parts    2- Experimental 

2-1 Sand sifting: The sand was  taken from sand quarry located in the western of 

Basrah, Zubair  and sifted sand with sieve ( diameter 600 μm) washed with water 

(albadd's water) more than once to rid of salts and impurities and dust in the sand.       
                      

for  C0 010 ofat a temperature  in the oven is dried sandThe : the sand Drying 2-2
a period of   4 hrs to rid of moisture.                                                                       

                          

2-3 Mixing process: the sand is mixed with the sodium silicate(in the ratio 4:1).                

2-4 Pour samples: The samples are a good mix at the rate of mentioned in 

paragraph(2-3), and then poured  into samples of (5 × 5 ×5) mm were prepared in 

accordance with ASTM C109  [14],shown the fig. (1).                                             

                                                                          

2-5The burning process: The samples are burned in a furnace at different 

 and, )C01000 untilC 0 200 from( degree rs for eachh 4 for a period of temperatures

at each degree the physical properties were calculated (The density and the 

compression strength ) . Shown in the fig.(2). 

2-6 Add Glass minutes: the waste glass was added  waste glass which drop 600 μm 

to a mixture of( sand and sodium silicate)  at different percentages , table (1). and the 
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cubs are formation  in the same way and burned in furnace  at different temperatures 

(from 200 0C  until 1000 0C ) to each grade 4 hrs and then the physical properties are 

calculated. 

2-7 The process of sintering: In this step was selected percentage symbol A7, which 

consists of the following ratio (52% of sand , 28% of the waste glass and 20% of 

sodium silicate) was Pour several samples of this ratio in the same way the previous 

paragraph (4 ). The samples put in a furnace at a temperature of  800 0C and  

measured physical properties after every 4 hrs and up to 20 hrs.. 
 

Where the models suffer from shrinkage and expansion, which affect the mechanical 

properties and occur as a result of this phenomenon to the metaphase transitions have 

interpreted this phenomenon by several theories [15,5,16] during the burning process 

at the temperature (100-200) 0C . Still underdeveloped moisture after the drying 

process. 

 

 

2-8 The physical and mechanical examination of the prepared samples:                                            

A- Density of the sample:                                                                                                                                                

the dimensions of the samples were measured by using vernier Caliper to calculate the 

size of the samples; the density was calculated using the following equation [17]:                                                                                                                    

V

m
  

where m is the mass of the samples in Kg.                                           

V is the size of the samples in cm3. as in tables (1, 2).   

                                                                                    

B- Measurements of compressive strength: the compressive strength was calculated 

by test mark Industries HUMBOLDT Machine, U.S.A. and applying the following 

equation [18]:                                                                                                                

A

F
P 

 

where P is the compressive strength, F is the force in Newton applied by the machine 

and A is the area of the samples in mm2.  

 

and discussion Results -3 
        Figure (3) shows the density of the mixture (silica and sodium silicate) 

differed with the temperature. It was observed that the density decreases with 

 0200 temperature at the high density isthe   have shownWe . temperatureincreased 

C and the temperature increases we noted  that the density decreased  but slowly, 

the density is decreases by very fast until the  C0 800 to scontinue temperaturethe 

 leads to temperature in sto an increase is due the reason ,C 01000 temperature

 C01000)  -(700  temperature, but between the volumetric expansion in dincrease

gets change largely due to the rapid increase of volume with increased 

temperature as in fig. (4) .                                                                                          

                                               

    Fig.(5) we have observed that the compression strength by using device of the 

mixture used (sand and sodium silicate).It was observed that the compression strength 

at a temperature of 2000 C be high up 9MPa and the compression strength decreases 
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in the range of the temperature (800 - 1000) 0C and after this range of temperature the 

compression strength increases by high up12MPa, The compression strength is 

decreases after the temperature 850 0C after than the compression strength is 

increases, and the reason can be explained in the metaphase Transformations of silica 

described in Table (2). 

  Then, calculated the density as a function of the percentage for waste glass and 

temperature different, the added consumer glass (waste glass) to the mixture (sand 

and sodium silicates) and the percentage shown in Table (2). 
 

  Figure (6) we have observed the behavior for the density with the percentage waste 

glass for temperature different : 

The density of the samples increases with increased the percentage for waste glass at 

the temperature 2000 C and also 4000 C and  6000 C, but the density of the samples 

decreases with increased  the waste glass at  8000 C , This can be explained increased 

the molten low density glass and increase the volume that leads to the decreased of 

density.   

fig. (7) The compression strength of the mixture (sand, sodium silicates and waste 

glass) at  temperature  1000 0C, the compression strength of the samples (A1, A2, A3, 

A4, A5) increases with the percentage of  waste glass in the mixture increased and in 

a clear and explicit. This can be explained on the basis of the increasing 

interdependence between the sand particles due to the increases amount of molten 

waste glass resulting from the increased in percentage weighted glass. 
 

The percentage of waste glass increases lead to a low degree of melted sand particles, 

leading to greater overlap between the sand particles. 
 

After then, we have studies the sintering samples of the mixture consisting of 28% per 

waste glass and placed samples in the furnace at the temperature raising to 800 0C. 

The different of the density of samples is studies with time at the temperature 800 0C 

shown in Fig. (8). We have observed that the density decreases with the time reach 

the lowest value after 12 hrs and the temperature remained constant and the density 

increased after 16 hrs  as well as 20 hrs. 

change  C 0 800different with the time at the temperature The volume observe ig. (9) F

of time, the behavior of the volume is opposite to the behavior of density. The 

calculated compression were calculated for samples in same steps  strength of the 

mixture as in Figure (10).    
 

 

                :Conclusions 

In this study, was examined the possibility of producing brick building of sand local 

alternative to bricks currently used in the construction and factory of mud where it 

was getting bricks have high specifications by measuring the compressibility of any 

bear high strength and low density, cheap cost and easy composition of the materials 

available locally as well as for the disposal of waste glass and materials employed in 

the production of an important and essential in the construction  .      
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Fig.(1): a) Shows the template used for pouring samples, b) Shows 

the samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(2): Change color of  samples with a high temperature 

 

 

  



AL-Qadisiyha Journal For Science Vol.19 No. 4Year 2014 
Mohammed A. \ Maged A. \Muayad I.                                             ISSN 1997-2490 

 142 

Table (1) : The percentage of composites of prepared samples                         

waste glass of the mixture . 
sodium silicates% Waste glass% Sand% Sample 

20 4 76 A1 

20 8 72 A2 

20 12 68 A3 

20 16 64 A4 

20 20 60 A5 

20 24 56 A6 

20 28 52 A7 

20 32 48 A8 

20 36 44 A9 

20 40 40 A10 
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Fig.(3): Effect of temp. on the density of the prepared samples. 

                                                              

              

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(4): volume thermal expansion of Various phases of silica [19]. 

 

 

 

 

200 400 600 800 1000

1850

1860

1870

1880

1890

1900

1910

1920

1930

 pure 

d
e
n
s
it
y
 (

K
g

m
 /

c
m

3
)

T (
0
c)

 



AL-Qadisiyha Journal For Science Vol.19 No. 4Year 2014 
Mohammed A. \ Maged A. \Muayad I.                                             ISSN 1997-2490 

 144 

 

Table (2) : the metaphase of silica  [20]. 
 

Form S.G Temp(0C) To S.G. C.E 

α- Quartz 2.65 573 Β1-Quartz 2.60 2.4 

α- tridmite 2.32 117 β1-Tridmite 2.32 0 

β- tridmite 2.32 163 β2-Tridmite 2.32 0 

α -Cristobalite 2.32 220 β- Cristobalite 2.21 5.6 

β1-Quartz 2.60 870 Tridmite 2.32 12.7 

β2-Tridmite 2.32 1470 Cristobalite 2.21 5 

β1- Cristobalite 2.21 1128 Vitreous silica 2.21 0 

α- Quartz 2.65 ----- Vitreous silica 2.21 20 

β1-Quartz 2.60 ----- Vitreous silica 2.21 17 

β1-Tridmite ---- ----- Vitreous silica 2.21 5 

Quartz ---- 1470 Liquid silica ----- ----- 

Tridmite ---- 1670 Liquid silica ----- ----- 

Cristobalite ---- 1710 Liquid silica ----- ----- 

α-Quartz 2.65 ------ α- tridmite 2.32 14.2 

α-Quartz 2.65 ------ α -Cristobalite 2.32 14.2 
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Fig.(5): Represent the compressive strength different 

with the temperature . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.(6):Represent  the density different with   

 Percentage of waste glass and temperature. 
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Fig.(7):Represent the compression strength different with 

Percentage of waste glass At T=10000C  . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(8):Represent  the density different with 

)28%( C and the ratio of waste glass0The Time At T=800 
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C and the 0the Time At T=800  Fig.(9):Represent the volume different

percentage of waste glass (28%)with 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(10):Represent the compression strength  different  with the Time 

)28%( of waste glass and the percentage C0At T=800 
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 ***, مؤيد إبراهيم خليل**ناطق عبدا لله, ماجد  *محمد علي جابر

 جامعة البصرةالبوليمر , أبحاثقسم علوم المواد, مركز *

 جامعة البصرةقسم الفيزياء, كلية التربية للعلوم الصرفة , **

 جامعة البصرةالبوليمر , أبحاثقسم الكيمياء, مركز ***

 -الخلاصة :
علطت ( حمذ  لةذن1:4بنسذ    م ةذطم ت  لدوذنومن  و , تذ  ملذخ يطذمت ون ذن  وذل م لد وذخ في هذه  لدرالةذ      

 ( 1000-200م C0ةطم ت  لدونومن  كلتوة البط  ووضع لدخطمت في ف   منر واجذت  حذ لاة وخنط ذ  تنذ لو  

 حمذ  ت ذن  وقتووذ   C0 800 حنذ  واجذ للانضذات  بيمذتوة واجذ  لدرذ لاة  وقذنة نقوذت  لد اتفذ   دذنح  حمذ 

 .MPa 12مل ل وتوخ إد   للانضات  أمط  وت

طنلذتجج وذع زمذتوة نسذ  دزمذتوة لد اتفذ   نح وبنس  وخنط ذ  حمذ  دذ لدخطمت  إد ن تمت  لديجتج  إضتف تأثم   واس

نلاح  نقوت  لد اتف  وع زمتوة نسب  لدخطمت بمنلت ةجطت زمتوة   C0 800  ود ل منر واج  ح لاةن تمت  لديجتج 

ملطمذ  لدنطبمذر حمذ   تلديجذتج وبكذ خ ولضذ  , بعذر جدذ  واةذفي قنة للانضات  دطنلتجج وذع زمذتوة نسذ  ن تمذت  

 %طم ت  لدوذنومن  م( , ةذ28% , ن تمذت  لديجذتج م  (%52)وضذعت لدنلذتجج لدنذي دنذت ن ذس لدنسذب  م لد وذخ 

وت  والة  لدخنلص م لد اتف  ووقتووذ  للانضذات  ولدرجذ  ( وذع تامذ    C0 800(( في ف   منر واج  ح لاة20

( حم  لاحظنت إ  لد اتف  تقخ وع زمتوة واج  لدر لاة وكذهد  نلاحذ  زمذتوة لدرجذ  , أوذت قذنة  4- 20م hrلديول  

 . MPa 6توخ أكا  ول    hr 16للانضات  فأنه تقخ وع لديول ود ل منر 
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