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3-1-1-Transparency :  

  

      

.1    

  

.2 

3-1-2-Refractive index   

3  cv  /c =m  

 :m :  

C :.  

CV :.  

                                                             
1 - Emed Eddine hassan , Op-cit, p 4. 
2 - Sophie Wolf, Op-cit, p 9. 
3- Emed Eddine Hassan , Op-cit, p 4. 
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4)

 (²sio 

)190  (  

ca-o na-o  350 380-780 

O ²Fe.1  

  

Dispersion .  

R .  

T 2  

3-2- Electrical properties  : 

 .  

  

                                                             
1 - Emed Eddine Hassan, Op-cit.p4. 
2 -  Ibidem , p 5. 
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SIO 

.  

.1  

3-3- Mechanical properties  :  

 

Tg , 

 

 . 

.2  

 .  

  

                                                             
1- Emed Eddine Hassan, Op-cit, p4. 
2- ibidem. 
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1 

Tg 

 :  

 -   

. 

 -

.2  

3-4- Thermal properties:  

3-4-1-   Thermal conductivity :  

.3  

3-4-2-   Thermal expansion and contraction:  

.4  

                                                             
1- Emed Eddine Hassan, Op-cit , p4. 
2-, Ibid , p4. 
3- Azzeddine Ayadi , Technologie du verre, Officedes publication, Universitaire,  Alger, 

2004, p 15. 
4- Ibid,  p 16. 
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  .  

.1  

3-4-3-  Viscosity:  

) 

. 

: 

tg  1013 p   1013.6 p 

  littleton  107.6 

. 

 TF   10 P  

.  

 

                                                             
1 - Clément Duval, Le verre, p.v.f, Paris, 1974,p26. 
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01  : )(1  

  

3-5-   Chemical properties: 

3-5-1- Stability  : Chemical 

) (  

…2 

  (HF)  

.3 

 

                                                             
1 -   :

 2005. 
2- Azzeddine Ayadi, Op-cit, p 15. 
3- Berducou (M), Op-cit, p130. 
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)7 (: 

  

H+   H3O+   

. 

. 

HF 

 SI - O   1 2  :3 

Sio2+6 HF            H 2 + (SiF6) + 2 H2O             

 (gel)  

    4  . Na + - h+     

)7(: 

si  –  o   

= si-o-si=+oh-            = si-o - + ho - si =      

  

 .  

                                                             
1-  Azzedine Ayadi, Op-cit, p 15 
2- Sophie Wolf, Op-cit, p 7. 
3 - Azzedine Ayadi, Op-cit, p 16 
4  - Sophie Wolf, Op- cit, p 7. 
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 :ph= 7 

.1  

3-6-   Physical properties: 

: 

3-6-1-  Hardness   :  

   

   

)Manométre  (   traction  

 4  10 /2   2 

3-6-2-Density  : 

 
3 

 

 

                                                             
1 - Sophie Wolf,  Op-cit  , p 7. 
2-Paul Philipot, La conservation des antiquités et des ouvres d'arts, Paris, 1966, p 

357. 
3 - Clément Duval, Op-cit, p 26. 
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3-6-3- porosity  :  

  

.1 

3-6-4-Vibrating gases  

 : 

.2 

4-  : Physical conditions of glass  

 :  

- 

- 

- 

 

 

  

                                                             
1 - Clément Duval, Op-cit, p 27. 
2-Morey George, The properties of glass, 1954, p39. 
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  ) Crystalline (

.1 

 

.2 

: 

Solid state     heat           liquide state     heat     gaseous state  

.3 

 

                                                             
1-  1984182   : 

Guillaume Pilet, Verre et céramique, Article de l’Institut des sciences et technique de 

l'ingénieur de Lyon 2 ème année matiriaux  p 72. 
2-  3 161-165.  
3-     

 1995 15.  
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:   

                                                              Slowly Cooling 

Solid state      S.C         liquide state             gaseous state  

      

.1 

 

.2 

 .

)vitreous condition  (

.  

   (A))  02 (

  

(A)  1  

                                                             
- 1       1988175.  

- 2161-164.  
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   ( Tm) 2 

( Tg )

)3 (

 (Tg2 )  

  (Tg1 )

(Tm) .1  

 

  
02 : v  ). (

  ).(2  

  

 

                                                             
1 -Azzedine Ayadi, Op-cit, p 17. 

2 - .. 
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5-:  

   le bedev

 Valenkov  Parai- koshitz

.  

La chariazen  

19321

 

liquide de fige .2  

  

  

  

  
 

Berducou)(  

   

Berducou)(  

03:   

.  

:  

  

                                                             
1 - Azzedine Ayadi, Op-cit, p 17 
2-Emed Eddine Hassan, Op-cit, p p 1-2. 
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5-1- : Simple structure  

 :  

*  Sio2  

 *P2 O2  

 * B2 O3  

 :  

 A  Ra= 1

Rc= 0.155  CA 3 

 Rc/Ra =0.155    

Rc 

 0.225 

Ca4   tétraèdre   

 Rc / Ra = 0.414 

  Octaèdre   

   Ra/ Rc 1 

                                                             
1 - Emed Eddine Hassan, Op-cit, p p,1-2. 
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04  : )F Rehouma (  

  

 :zachariazen   

:  

-.  

- .  

- .1  

5-2- Composite structure of glass:  

 :a2o ;ao    zachariazen 

 

:2 

  

                                                             
1- Emed Eddine Hassan, Op-cit, p p,3. 
2 - Sophie Wolf, Op- cit, p3. 
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  V2 O5 .AS2O3.AS2O5.P2O3. GO2.SIO2 

  BaO. SiO . CaO. MgO.K2O. Na2o. Li2o3  

  TiO2. CdO. 2No. PbO.Al2o3.  

 : )(  

:  

5-2-1- :  

  

 
1 

)55-94 ()

 (

:2  

5-2-1- 1 -  

sio2  
3

4  

                                                             
1 -  Guillaume Pilet, Op-cit, p 92. 
2 - Berducou(M) , Op-cit , p 121. 
3  - ibid 
4  - Guillaume Pilet, Op-cit, p 82. 
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80

.  

5-2-1- 2 - :  B2 O3   

5-2-1- 3 - : B2 O5   

5-2-2- :  

 .) ( 

)- ( 

)1.5-22(.  

5-2-3-  ) :(  

R2O  :  

5-2-3-1 - Li)le lithium :(  ( 

Lio2 Co3)( 6 Sio2 , Al2o3 , Lio2 ) 1  

5-2-3-2 -   : Na (Na2o)  

( Na2oc 4)   (  Na2 So 4) 

 ( Na2 No3).   

                                                             
1 -   Berducou (M), Op-cit ,p p 126-127. 
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5-2-3-3-  k  :

)  ( Kno3   ( K2Co3) 1 

  Si-o 

 2 

.  

5-2-4-  ) -:(  

)(

 ( RO):  

4-2-4- 1 - ( Cao)  :( Cao) 

( Ca (oh)2 ) ( Ca Co3 

 (  Ca  Co3.  Mg  CO3) )(

 Ca (Ho)2 .3Ca3 po4  .  

5-2-4- 2-  ( Mgo):  

 ( Ca Co3. Mg CO3) ( Carnallite )  ( KCl .MgCl2. 6H2O  

-

:  

                                                             
1 - Berducou (M), Op-cit , p p 126 -127. 
2 -  ibidem. 
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*.  

* 100270  ( Auer bach)   

*.  

 *.  

 *.1 

5-2-5- :  

) (

)2-30(2 

:  

5-2-5-1 - ( Al2O3 ) : 

 ( Al2O3 ,2H2 O) 

2050

 .  

5-2-5-2 -  Fe2 O3 .  

62 B2 O3
3
.  

                                                             
1 - Berducou (M), Op-cit , p p 122-123. 
2 - Guillaume Pilet, Op-cit, p 94. 
3  - Berducou, (M), op-cit  p 123. 
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1 

    iono cavalent  .2 

  (  ) 

.3  

6- : 

 - :.  

6-1- :  

  
4 .

:  

                                                             
1- Guillaume Pilet, Op-cit, p 92. 
2-Berducou (M), Op-cit, p126. 

- 3.     1 

2012  123.  
4 - Berducoup (M), Op.cit, p 128. 
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 6 -1-1-   :  Opale          1

(SiO nH O) 

.2  

6-1-2-   :  (Obsidienne)         

    3

 4              

 .  

6-1-3- )  : Cristal de roche (     

              

 .5  

6-2- :  

           

.  

  

  

                                                             
1 - Berducoup (M), Op.cit, p 128. 

2 - 111997142- 143. 
3 - Berducoup (M), Op.cit, p 128. 

4 -   146.  
5 - Berducoup (M), op.cit, p 128. 
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:  

       

 

: 

                

  1,495  2,37  

  1,505  2,45  

  1,515  2,50  

)(  1,575  2,77  

                  )(1 

 :  

6-2-1- (Obsidienne): 

 .2  

6-2-2- ):( 

1.  

6-2-3- :3

                                                             
 311998115.  

-1  

-2                                               .                                                                            

3 - 183. 
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.1  

  
01: )5(  

  

  
02 :)5(  

 

  

 

                                                             
-  116.  - 1 
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6 -3- :  

      ) (

 .  

     

1000 °

 )  (

.1 

   :  

        

.  

6-3-1-Glass mass:  

 

                                                             
1 - 116. 
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) (

) (.1  

6-3-2-Borat glass:   

      0B 

lA 

)yrexP 

,uranD inax,S.(2  

6-3-3-Stained glass:  

     

 

 

.  

                                                             
1 - Guillaume Pilet, Op.cit, p70. 
2 - Ibid, p p 87-88. 
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 *.1 

. 

oxydes 

halogénuses  chalcogénures 2 

6-4-  Oxide glass: 

TG 

1000c

.3  

6-5-   Halogen glass:  

 .

                                                             
 * : . 

1- 

8  .    
2 - Moizan. V, Etude de l’amplification laser en bamde II dans les fibres de verres 

chalcogénures,thèse de doctorat université de rennes I ,2008.p80 
3  - Hamzaou. M, Verres  d’oxydes lousds a base de sio2 o3, exploration. Caractèrisation 

physicou.chimiques et application a l’amplification optique, Thèse doctorat université 

Mohamed khider.Biskra 2013, p 82. 
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.  

6-6-  Glass of alkaline elements : 

1950

2 1  

  
05  :  )V Moizan(  

  

 

 

 

 

                                                             
1 -  Moizan . V, Op- cit  p 81. 
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1- :  

    

  

 : )( 

 :  

1-1-   )Sio2): (  

  

.  

 )  (  

    

.  

1 70%   

0.03 0.05 2 :  

  

  

                                                             
1 -  .

12012 117.  
2- 1197615.  
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1-1-1- The picture is crystallized:   

 .1  

1-1-2-  The picture is disjointed :  

2

 :

.2  

:  

:  

1-1-2- 1  White sand:  

     

3

4.  

  

                                                             
1 -  .117.  
2 -  119.  
3 - 15. 
4 -  .119. 
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1-1-2-2  Yellow sand:  

    

(limonite) (Feo 

(OH)) 

.1  

1-1-2-3   The red sand:  

  

  )Fe2o3 (2 

.3  

1-2-    Naturon:  

  

.4  

:  

 Ca2 Co2  

NaH SO3   

                                                             
1 -  . 119.  
2 - 119. 
3  - 2003 203. 

  Jacqueline, Du parquer massin, Histoire du verre au moyen âge, Paris, 2005, p 19.  - 4    
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NaCL   

Na2SO4  

    

815  °

    

.1  

1-3- :  

  
2 

.3  

 1 -4- :  

4 10%  

4% 5   
                                                             

1 -  .120.  
2 -   121.  

3 - Jacqueline, Du parquer massin, Op-cit p 21. 
4 -  .122.  
5 - 18.  
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Dolomite     
1   

 2 

      

  

  

.3  

1-5-   :  

  

  

1277   
4  .  

                                                             
1 -  . 122.  
2 -  121- 122.  
3 -   122.  

4 - Jacqueline, Du parquer massin, Op-cit, p 22. 
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01  :  

1-6- :  

   

:  

1-6-1- :  .  

1-6-2- :
1.  

1-6-3- :  

2.  

                                                             
    - Azzedine, Ayadi , Technologies du verre, Paris, 2004, p 21.  1  

2 -   122.  
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Summary                                                                     
Archaeologicale glass, is among the most important material evidence  and the 

most widespread  industries in antiquity, This material is characteriged by several 

characteristics include transparency  hardness  and refractivity , this is waht makes this 

article  exposed to the period of burial in the soil for the infection  of the manifestation of 

the damage that can effect these artifacts, evidence of this is  the presence of scattered  

apartments and parts  in an advanced  state of damage which is difficult to deal with most 

of the time  , this is noticed  for this excavation in bordj El Amir  Abdelkader in 

Tissemssilt. 

The study of how to deal with glass collection using the most important methods 

and scientific  methods used the maintenance and restoration  of rich glass from the site 

of excavation  until the museum, Identify the most Effective ways and materials in it , The 

restor works ,hard to protect and treat  this type of glass pulp with the aim of 

communicating  them to the public and ease of reading  them to avoid prejudice to their  

historical, aesthetic, or artistic  claim . 

Key words : Antique glass, Taza borj el emir abdelkader , Quartz , Qlazing , Sands , 

Maintenance , Restoration 
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