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TECHNOLOGICAL AND ENVIRONMENTAL ASPECTS  

OF THE PRODUCTION OF CONTINUOUS GLASS FIBER TYPE E  

The results of the investigation of glasses for continuous E-type fibers obtained on the basis of 

MgO – CaO – Al2O – B2O3 – SiO2 and MgO – CaO – Al2O3 – SiO2 systems are presented. 

According to the results of studying the processes of glass formation in the synthesis of borosilicate 

glasses, it was established that with increasing boron oxide content, the temperature of obtaining a ho-

mogeneous melt decreases from 1400 to 1300°C. In the synthesis of boronless glass, the processes of 

glass formation terminate at a temperature of 1400–1450°C. When transitioning from boron-containing 

to boronless glass formulations for the production of continuous fiber, the high-temperature viscosity, 

the upper crystallization temperature, increases, which requires an increase in the molding temperature 

of the fiber by 60–80°C. 

In the study of glass roving from different producers, it has been established that the composition of 

the fiberglass type E does not affect the strength, including after water and an alkaline solution treatment. 

Based on the calculation of criterion C, which characterizes the emission of pollutants in the stages 

of charge preparation and glass melting in a recuperative furnace, including using forced oxygen blasting, 

an assessment of the ecology of production of boron-containing and boronless glass E was carried out. 

Key words: continuous fiberglass, borosilicate glass, glass synthesis, viscosity, strength, ecology 

of production. 

.   -
     -

      
 , -

      
   . -

    -
    . 

   
      ( -

  ),    
 MgO – CaO – Al2O – B2O3 – SiO2  MgO – 

CaO – Al2O3 – SiO2 .  
     

     -
    ,   



Þ. Ã. Ïàâëþêåâè÷, Ë. Ô. Ïàïêî, Í. Í. Ãóíäèëîâè÷, À. Ë. Íàðêåâè÷, È. Þ. Êîçëîâñêàÿ 147 

Òðóäû ÁÃÒÓ   Ñåðèÿ 2    2   2017 

   .  -
  -

      -
 , . %: SiO2 – 52–56; Al2O3 – 12–16; 

B2O3 – 5–10; MgO – 0–5; CaO – 16–25; Na2O + K2O – 
0–2; TiO2 – 0–1,5; Fe2O3 – 0–0,8; F  – 0–1 [1, 2].  

     
    -

      -
 ,    -

 ,     15 . %. 
     , 

. %: SiO2 – 54–65; Al2O3 – 9–15; MgO – 0–4; 
CaO – 17–25; Na2O + K2O – 0–2; F  – 0–0,5.  

    -
    TiO2, Li2O, ZnO, 

, SrO.    -
     Advantex -

 Owens Corning Corp. [2, 3]. 
     -
    -

    -
   ,    -
     . -

     
      

  .  
 .   -

     -
    -

   .  -
  , . %: SiO2 – 53,6–58,0; 

Al2O3 – 14,2; B2O3 – 3,1–9,0; MgO – 1,4–2,7; 
CaO – 19,55–22,35; Na2O + K2O – 0,5; Fe2O3 – 0,15; 
F  – 0,3.     -

  75 MICRON.  
    , . %: 

SiO2 – 60,0–61,4; Al2O3 – 12,0–13,3; MgO – 2,6–
2,9; CaO – 22,3–22,9; TiO2 – 0–0,4; Fe2O3 – 0,3; 
Na2O + K2O – 0,8.  

    
     -

     -
  700–1500°   -

     . 
    

     
,    D8 Ad-

vance  Bruker.  
    -

     
  TGA/DSC-1/1600 HF 

(METTLER TOLEDO Instruments)  -
  DSC 404 F3 Pegasus.  

    -
   , 

    B2O3  3,1  9,0 . % 
  -

,    -
,    -
   ,   1400  

1300° .    -
     
     -

 1450° .  
    

    
   -

    , -
 9 . % B2O3,  ,  

  Advantex.  
   300–450°    

     
    

Ca2B6 11 · 5H2O   :  

Ca2B6 11 · 5H2O → 2 2O4 + B2O3 + 5H2O. 

  ,  
      -

    .  
 900  1100°  -

     
 3B2O6,   SiO3  
 [Si2Al2O8].  -

      -
    

     
1000° ,    

 (SiO2, Al2O3)    
    1300° .  

 ,      
 -    -

     -
:  →   → -
 .    

   
.     -

  ,   -
    -

  32% ,    
 .  

       
    -

 630° .    1100°  
  MgSi2O6. -

     -
     1100° . 

    -
  1400–1450° . 

      
   -   -

,    -
       

.    
     
 [4, 5].  



148 Òåõíîëîãè÷åñêèå è ýêîëîãè÷åñêèå àñïåêòû ïðîèçâîäñòâà ñòåêëîâîëîêíà òèïà Å 

Òðóäû ÁÃÒÓ   Ñåðèÿ 2    2   2017 

 ,     
     

    3385,6 /  
,   14,3% ,   -
   ,    

  2901,45 /  -
. 

   -
  ,  

 .     
104–1010  ·     

 PPV-1000  Orton, -
    –   

 DIL 402 PC  Netzsch, -
   – -

   DSC 404 F3 
Pegasus. 

,    -
      

     
  .  -
      

    –  
 , . .   -

 106,6  ⋅ .    -
      -

    -
   
. ,  -
  102  ⋅ ,   

1180  1260° . 
   

      -
 :   -

    Advantex -
 1227° ,     -

      9% – 
1150° ,       -

    -
   60–80° .  

      
,    [1–3], 

,     
   1140–

1180° ,   –   1260° , 
   1050–1065 

 1180–1200°  .  
  [6],    
    1 . % 

     -
   32° .  -
    1 . %   

    -
    12° .  

   -
     -

   ,  
     

     -
  –   . 

   50°    
     5–10 

 12 22%.  
      

    -
   , 

    -  
Advantex   - . -

    -
   13 2400 -
 1270 ,  Advantex  

17 2400 – 1260 .  
    

     
     ,  

    . 
     

      
 12,9,  NaOH  K .  

       -
 1, 7, 30  60 .   -
    , 

  6943.5.    
    -

       
   2400–2560 .  

   -
       
. 1,    -
     

  ,  -
 . 

  

. 1.   ( )  

  ( )       

     
     

   (    
    1  7 ), -

   . 

 ,  

3000

2000

1000

0
0 1  7                  30       0 1   7                  30 

 
 

, 
 



Þ. Ã. Ïàâëþêåâè÷, Ë. Ô. Ïàïêî, Í. Í. Ãóíäèëîâè÷, À. Ë. Íàðêåâè÷, È. Þ. Êîçëîâñêàÿ 149 

Òðóäû ÁÃÒÓ   Ñåðèÿ 2    2   2017 

    -
     , 
    .  

     -
     Advantex  -

  1,7  2,7   -
   30  60   

( . 2).  

 

 

 

 

. 2.   ( )  

  ( )     

   

    
    . 

,    -
     -

     .  
     

 ,  9 . % B2O3,  -
     -
,   [7].    

     
     

      -
 . 

    -
       

1

,

i
n

i

α

=

=  

 n –   , 
     -

  ; Mi –  
 i-   , /  

;  –   
   i-  -

    -
, / 3; αi –  , -

     
i-      

    
.  

,    
     -

     (   
 414).    

     370,   
    , , 

      
 .  

   -
      

   75%:   NO  -
  9,83  1,57 /    -

    1,86 /    
 .     

      
  0,4 /  (3,4–12,0%  -
  ),   -

     ,  
 ,  3,4%   

      33%  
    . 

    -
     -

     10  -
    

 .  
 ,    

     
      

 .  -
      
   -

 :    105  
84      

 .  
.    

    -
    , 

    -
 ,    -

   , 
      

 ,  

0 1   7                   30                         60

 
 

, 
 

3000 

2000 

1000 

0 

 , 

0 1   7                   30                        60 

 
 

, 
 

3000 

2000 

1000 

0 



150 Òåõíîëîãè÷åñêèå è ýêîëîãè÷åñêèå àñïåêòû ïðîèçâîäñòâà ñòåêëîâîëîêíà òèïà Å 

Òðóäû ÁÃÒÓ   Ñåðèÿ 2    2   2017 

    -
  . ,  

        
   -

.     -
     -
      

 .  

 

1. Lo wenstein K. L. The Manufacturing Technology of Continuous Glass Fibres. L.-N/Y.: Elsevier 
Amst., 1993. 339 p.  

2.  . .,  . .,  . .  . .: , 2010. 53 .  
3. Wallenberger Frederick T., Paul A. Bingham Paul A. Fiberglass and Glass Technology: Energy-

Friendly Compositions and Applications. N/Y.: Springer Science&Business Media, 2009. 451 p.  
4.  . .      . .: , 

1968. 368 c. 
5.  . .   ,       

   //   . 1993.  8. . 11–15. 
6. Wallenberger F. T., Hicks R. G., Bierhals A. T. Effect of oxides on decreasing melt viscosity and 

energy demand of E-glass // American Ceramic Society Bulletin. 2006. Vol. 85, no. 2. P. 38–41. 
7.           -
 : .  -  .      . 

  29.05.2009  30. , 2009. 7 . 

References 

1. Lo wenstein K. L. The Manufacturing Technology of Continuous Glass Fibres. L.-N/Y., Elsevier 
Amst., 1993. 339 p.  

2. Lazoryak B. I., Gutnikov S. I., Seleznev A. N. Steklyannyye volokna [Glass fiber]. Moscow, MGU 
Publ., 2010. 53 p. 

3. Wallenberger Frederick T., Paul A. Bingham Paul A. Fiberglass and Glass Technology: Energy-
Friendly Compositions and Applications. N/Y., Springer Science&Business Media, 2009. 451 p.  

4. Levchenko P. V. Raschety pechey i sushil silikatnoy promyshlennosti [Calculations of furnaces and 
dryers in the silicate industry]. Moscow, Stroyizdat Publ., 1968. 368 p. 

5. El’kin T. B. Calculation of the amount of substances involved in reactions of formation of silicates in 
the process of cooking glass. Steklo i keramika [Glass and ceramics], 1993, no. 8, pp. 11–15 (In Russian). 

6. Wallenberger F. T., Hicks R. G., Bierhals A. T. Effect of oxides on decreasing melt viscosity and 
energy demand of E-glass. American Ceramic Society Bulletin, 2006, vol. 85, no. 2, pp. 38–41. 

7. Instruktsiya o poryadke otneseniya ob’yektov vozdeystviya na atmosfernyy vozdukh k opredelennym 
kategoriyam ot 29.05.2009 no. 30 [Instruction on the order of reference of objects of influence on atmos-
pheric air to certain categories no. 30 of May 29, 2009]. Minsk, 2009. 7 p.  

   

      , ,   
   .     

(220006, . , . , 13 ,  ). E-mail: pauliukevich@belstu.by 
      , ,    

  .     (220006, . , 
. , 13 ,  ). E-mail: papko@belstu.by 

   – .    
 (220006, . , . , 13 ,  ). E-mail: kolgund@mail.ru 

   –   , ,    
  .     (220006,  

. , . , 13 ,  ). E-mail: narkevich_ann@belstu.by 
   –   ,    

.     (220006, . , . -
, 13 ,  ). E-mail: ikozlovskaya@belstu.by  

Information about the authors 

Pavlyukevich Yuriy Gennad’yevich – PhD (Engineering), Associate Professor, Head of the Depart-
ment of Glass and Ceramics Technology. Belarusian State Technological University (13a, Sverdlova str., 
220006, Minsk, Republic of Belarus). E-mail: pauliukevich@belstu.by  



Þ. Ã. Ïàâëþêåâè÷, Ë. Ô. Ïàïêî, Í. Í. Ãóíäèëîâè÷, À. Ë. Íàðêåâè÷, È. Þ. Êîçëîâñêàÿ 151 

Òðóäû ÁÃÒÓ   Ñåðèÿ 2    2   2017 

Papko Lyudmila Fedorovna  PhD (Engineering), Associate Professor, Assistant Professor, the De-
partment of Glass and Ceramics Technology. Belarusian State Technological University (13a, Sverdlova str., 
220006, Minsk, Republic of Belarus). E-mail: papko@belstu.by 

Gundilovich Nikolay Nikolaevich – PhD student. Belarusian State Technological University (13a, 
Sverdlova str., 220006, Minsk, Republic of Belarus). E-mail: gundilovich@belstu.by  

Narkevich Anna Leonidovna – PhD (Engineering), Associate Professor, Assistant Professor, the De-
partment of Material and Construction Mechanics. Belarusian State Technological University (13a, 
Sverdlova str., 220006, Minsk, Republic of Belarus). E-mail: narkevich_ann@belstu.by 

Kozlovskaya Inna Yur’yevna – PhD (Engineering), assistant lecturer, the Department of Industrial 
Ecology. Belarusian State Technological University (13a, Sverdlova str., 220006, Minsk, Republic of Be-
larus). E-mail: ikozlovskaya@belstu.by  

 02.05.2017 


