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INFLUENCE OF BINDER FORMULATION FOR PREPREGS  
FOR ADHESION STRENGTH 

Seven batches of prepreg binder with different contents of 2,4,6-tris(dimethylaminomethyl)phenol 

were produced for the production of test samples to determine tensile strength along the fibers. An analysis 

of the parameters influencing the bonding strength was carried out. Constant (wood species, humidity, ambient 

temperature, content of ED-20, phenol-formaldehyde resin, acetone, pressing time, pressing temperature) 

and variable (content of curing accelerator 2,4,6-tris(dimethylaminomethyl)phenol) factors were determined. 

Output parameter selected (adhesive strength). Misses were excluded from the samples. Statistical processing 

of the experimental results was carried out, the coefficient of variation, the root mean square error of the 

sample average and the accuracy indicator of the average value were calculated. Accuracy scores for all 

samples ranged from 1.14 to 4.07, indicating reasonable measurement reliability.  

A relationship has been established between the strength of the adhesive joint formed by the developed 

prepreg and the content of the curing accelerator. The optimal content of the curing accelerator in the 

binder composition was taken to be 1.25 parts by weight.  

Keywords: binder, prepreg, curing accelerator, testing, gluing, strength, statistical processing. 

For citation: Polkhovsky A. V., Prokhorchik S. A. Influence of binder formulation for prepregs for 

adhesion strength. Proceedings of BSTU, issue 1, Forestry. Nature management. Processing of Renewable 

Resources, 2024, no. 2 (282), pp. 218–224 (In Russian). 

DOI: 10.52065/2519-402X-2024-282-27. 

.     -
    -

     
.  ,  -

  ,      
 ,    

.    
      

,      
     

    
    .    



À. Â. Ïîëõîâñêèé, Ñ. À. Ïðîõîð÷èê 219 

Òðóäû ÁÃÒÓ   Ñåðèÿ 1    2   2024 

    -
     

    -
  ,     -

 , –   6 . [1]. 
     -

,    -
  .    -

    -
,     -

  [2–4]    
 ,    

  ( -20) – 38,5 . . , -
   ( ) – 

15 . ., 2,4,6- ( )  – 
1,25 . .,   ( ) – 
50,0–60,0 . .    -

   (  
    ,  

).    -
     

    3  
   .  -

 20°    -
     -

  ,    -
      

   ,  -
     ( -

, , -
 , ) [5]. 

      
    -

     -
     -
 . 

  –  -
     -
      -

 . 
 .    

      
     -

   , -
     , 
        

 -    -
      

   , 
    -

  [6].    
     

  . 
    

     
 .    -

     , 
     

(     160–180° ) [6], 
    -

  (  120° ).  -
     

   (  ), 
  ,    -

    75  100° .  
   -
    -

 ,   
  ( . 1) [6]. 

    
   , -
   ( -

   8 ± 1    
120 ± 2° ),  ,  
      -

      
,      -

      
.    

     ,  
      . 

     
 ,   -

  ,    -
     

,     -
  [7].     -

     -
     -

 [8]. 
   -

    : 
1)     

    -
 (2,4,6- ( ) ):  0,5 

 2,0 . .   0,25 . .  
   ( )  

  .  -
   (  
 0,5 )     . 

     -
 -20 (  10587−84) [9]   

(  2768–84) [10].    
     

      -
  .    
   (2,4,6- ( -
) ) ( -606/2,   6-00209817.035-96); 

2)     
   ( . 1)   

,     -
      -
 70–80°     -

 ( )   .   
     

(  23.14.12-001-213875232020) [11]; 



220 Âëèÿíèå ðåöåïòóðû ñâÿçóþùåãî äëÿ ïðåïðåãîâ íà ïðî÷íîñòü ñêëåèâàíèÿ 

Òðóäû ÁÃÒÓ   Ñåðèÿ 1    2   2024 

       
. 1.   

 
3)    -

      -
      

  [8]. 
 

 1 

  

  
 

 , . . 
-20    

1 38,50 15,00 60,00 0,50 
2 0,75 
3 1,00 
4 1,25 
5 1,50 
6 1,75 
7 2,00 

 
   . 

     12% 
   6 . -

     5 . -
      -

 ,   –  
 30–90°   .  -

     -
    150    

20 .     -
    .  : 

 – 150 ,  – 20 ,  – 5 . 
    , 

    (120 ± 2° ) 
  (1 )   -

  (8 ± 1 )   -
.     

 24    .   
    (  

2,5 ± 0,5 )   10 .  . 2 -
   [12].  

     
  ,   48   
   ,  

2,0 . .,    .  5  
       

 1,75 . .    
   ,  ,   

   1,25 . . 
(1,5–2,0 . .),   . 

  , -
 ,     -

    33120–2014 «  
    -

    » ( . 3) [8].  
     

 MTC Criterion C43.504 ( )  -
   ( -

 ).     
  [12]   -

    50 /   
.    -

  ,    33120 [8]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

. 2.  :  

1 – ; 2 –   

1 
2 2,5 

   

2 
2
 

2
 

n 

2
 

 

2   + 

  

2  

 

2   

 

n 

10 2,5 

150 

5
2

0
 



À. Â. Ïîëõîâñêèé, Ñ. À. Ïðîõîð÷èê 221 

Òðóäû ÁÃÒÓ   Ñåðèÿ 1    2   2024 

 

. 3.  : 

1 –  ;  

2 –   
 

   
    -

      -
 .   -

     
   ,  

    ,  
     

  [13–15]. 
     -

 ,    -
  ( . 2). 

 

 2 

    

  

  

   

, % 12 

 , °  20 

-20, . . 38,50 

 , . . 15,00 

, . . 50,00 

 ,  8 ± 1 

 , °  120 

  

2,4,6- ( ) , 

. . 

0,50; 0,75; 

1,00; 1,25; 

1,5; 1,75; 2,00 

 
 ,    

     33120 
  .  - 

 ( -20,    -
)    [5].  -

      
 ,   

  ( . 3). 
 

 3 

   

 
 

 
 F,  

 
 

,  

 
 

0,50 

1.1 1850,00 9,25   

1.2 1350,00 6,75   

1.3 1250,00 6,25   

1.4 1100,00 5,50   

1.5 1100,00 5,50   

1.6 1150,00 5,75   

0,75 

2.1 1150,00 5,75   

2.2 1350,00 6,75   

2.3 1150,00 5,75   

2.4 1300,00 6,50   

2.5 1750,00 8,75   

2.6 1350,00 6,75   

1,00 

3.1 1500,00 7,50   

3.2 1350,00 6,75   

3.3 1450,00 7,25   

3.4 1450,00 7,25   

3.5 1400,00 7,00   

3.6 1350,00 6,75   

1,25 

4.1 2000,00 10,00   

4.2 1950,00 9,75   

4.3 1850,00 9,25   

4.4 1900,00 9,50   

4.5 1850,00 9,25   

4.6 1950,00 9,75   

1,50 

5.1 1900,00 9,50   

5.2 1850,00 9,25   

5.3 1850,00 9,25   

5.4 1800,00 9,00   

5.5 1900,00 9,50   

5.6 1950,00 9,75   

1,75 

6.1 2000,00 10,00   

6.2 1850,00 9,25   

6.3 1850,00 9,25   

6.4 1950,00 9,75   

6.5 1900,00 9,50   

6.6 1800,00 9,00   

2,00 

7.1 1250,00 6,25   

7.2 2000,00 10,00   

7.3 1950,00 9,75   

7.4 1900,00 9,50   

7.5 1850,00 9,25   

7.6 1200,00 6,00   

F 

F 

2 
1 



222 Âëèÿíèå ðåöåïòóðû ñâÿçóþùåãî äëÿ ïðåïðåãîâ íà ïðî÷íîñòü ñêëåèâàíèÿ 

Òðóäû ÁÃÒÓ   Ñåðèÿ 1    2   2024 

     1.1  
 2.5  ,   -

  ,     -
     

( )     -
 [13].  

   7.1  7.6,   
    . 

 . 1   ( -
) [13]    q (  -

   0,05)   -
  f = n – 1 = 5  t  = 2,78. 

 t  > t ,    -
       

.     
     . . 

  S2   1.1 -
 0,24 ,   2.5 – 0,21 . -
   S   1.1 

 0,49 ,   2.5 – 0,46 . -
   t    1.1 

 6,81,   2.5 – 5,35.   t  > t , 
     -

. 
    -

    . 4. -
  ,  -

    
   ,  -
     -

   ,  
    [13]. 

   ,  -
  .    -

  -
     5% [13]. 

       
     1,14  4,07, 

     -
.  

    -
    . 4.  

 

. 4.    

   
 

    -
  ,   -
   (0,5–1,0 . ) 
      

, ,   
  . 

   1,5–2,0 . . 
    -

 ,   2    7  
     -

   , –   -
  ,    -
      

 .   -
   2,0 . .  

  , . . -
 2    . 

  ,   -
    ( -

),     
   2,4,6- ( -

)    1,25 . . 

 4 

    

 

 

 

  

  

,  

  

 S2,  

 

  

 

 S,  

 

 

 

n 

  

 

  

 

 

 

 

1 5,95 0,29 0,54 5 9,11 0,24 4,07 

2 6,30 0,26 0,51 5 8,13 0,23 3,63 

3 7,08 0,09 0,30 6 4,27 0,12 1,75 

4 9,58 0,09 0,30 6 3,15 0,12 1,29 

5 9,38 0,07 0,26 6 2,80 0,11 1,14 

6 9,46 0,14 0,37 6 3,89 0,15 1,59 

7 9,63 0,10 0,32 4 3,35 0,16 1,68  

0

2

4

6

8

10

12

0,00 1,00 2,00 3,00

, 

 , . .



À. Â. Ïîëõîâñêèé, Ñ. À. Ïðîõîð÷èê 223 

Òðóäû ÁÃÒÓ   Ñåðèÿ 1    2   2024 

 ,   
      

  ,  -
 : 1) -   

( -20) – 38,5 . .; 2)  
   – 15,0 . .; 3) 2,4,6-

( )  – 1,25 . .; 
4)   ( ) – 60,0 . . 

.  ,  -
   , -

  ,  -
  .  

  ,    

  (0,5–1,0 . .)  -
     -

,       -
 .    

(1,5–2,0 . .)      , 
     

. ,   -
     -
  1,25 . .   -

    -
     

(    8 ± 1   -
 120 ± 2°    1 ). 

  

1.          / . . -
 [  .] //  – 2023:  VI . .- .    

  , , 1–3 . 2023 . , 2023. . 102–105. 
2.  ,      ,   : . RU 2307136 / 

. . , . . , . . , . . , . . , . . . 
. 27.09.2007. 

3.      ( ),    ( ), 
  :  RU 2420547 / . . , . . , . . , . . , . . . 

. 10.06.2011. 
4.    : . . SU 1815974 / . .  [  .]. . 

20.04.1996. 
5.    : . BY 24191 / . . , . . ,  

. . , . . , . . . . 11.01.2023. 
6.  , ,       / . .   

[  .]. .: , 2020. 576 . 
7.  . .     -

  :   56782–2015. .: , 2016. 23 . 
8.   .     : 

 33120–2014. .: , 2016. 20 . 
9.  -  .  :  10587–84. .: -  

, 1989. 20 . 
10.  .  :  2768–84. .: -  , 1984. 15 . 
11.   .  :  23.14.12-001-21387523−2020. .: , 

2020. 14 .  
12.  . .,  . .     -

-    //    . 2023. . 9,  4. . 65–71. 
13.  . .   .  . : 

, 2020. 25 . 
14.  . .     : .   . 

.: , 2005. 305 . 
15.  . .    .   : 

   . .: , 1999. 103 . 

References 

1. Lyubimov A. G., Polkhovsky A. V., Narkevich A. L., Prokhorchik S. A., Shetko S. V. Matrix binder 
based on epoxy resin for the production of prepregs. Neftegazokhimiya – 2023: materialy VI Mezhdunarodnogo 
nauchno-tekhnicheskogo foruma po khimicheskim tekhnologiyam i neftegazopererabotke [Petroleum and gas 
chemistry – 2023: materials of the VI International Scientific and Technical Forum on Chemical Technologies 
and Oil and Gas Processing]. Minsk, 2023, pp.102–105 (In Russian). 

2. Mukhanova E. E., Kablov E. N., Ponitkova E. M., Mukhametov R. R., Rumyantsev A. F., Kuvshi-
nov N. R. Epoxy binder, prepreg based on it and a product made from prepreg. Patent RU 2307136, 2007 
(In Russian). 



224 Âëèÿíèå ðåöåïòóðû ñâÿçóþùåãî äëÿ ïðåïðåãîâ íà ïðî÷íîñòü ñêëåèâàíèÿ 

Òðóäû ÁÃÒÓ   Ñåðèÿ 1    2   2024 

3. Ushakov A. E., Klenin Yu. S., Sorina T. G., Korobko A. R., Penskaya T. V. Method for producing 
binder for prepreg (options), binder for prepreg (options), prepreg and product. Patent RU 2420547, 2011 
(In Russian). 

4. Trizno M. S. Binder for reinforced plastics. Certificate of authorship SU 1815974, 1996 (In Russian). 
5. Polkhovsky A. V., Lyubimov A. G., Shet’ko S. V., Narkevich A. L., Prokhorchik S. A. Binder for 

making prepreg. Patent BY 24191, 2023 (In Russian). 
6. Chursova L. V., Panina N. N., Grebeneva T. A., Kutergina I. Yu. Epoksidnyye smoly, otverditeli, modifikatory 

i svyazuyushchiye na ikh osnove [Epoxy resins, hardeners, modifiers and binders based on them]. St. Petersburg, 
Professiya Publ., 2020. 576 p. (In Russian). 

7. GOST R 56782–2015. Polymer composites. Prepregs. Determination of the content of prepreg components 
by Soxhlet extraction . Moscow, Standartinform Publ., 2016. 23 p. (In Russian). 

8. GOST 33120–2014. Glued wooden structures. Methods for determining the strength of adhesive joints. 
Moscow, Standartinform Publ., 2016. 20 p. (In Russian). 

9. GOST 10587–84. Epoxy-diane resins, uncured. Technical specifications. Moscow, Izdatel’stvo standartov 
Publ., 1989. 20 p. (In Russian). 

10. GOST 2768–84. Technical acetone. Technical specifications. Moscow, Izdatel’stvo standartov Publ., 
1984. 15 p. (In Russian). 

11. TU 23.14.12-001-21387523−2020. Fiberglass mesh. Technical specifications. Moscow, Promtorg Publ., 
2020. 14 p. (In Russian). 

12. Polkhovsky A. V., Prokhorchik S. A. Optimization of the technological regime for pressing sports 
and cross-country plastic skis. Polimernyye materialy i tekhnologii [Polymer materials and technologies], 
2023, vol. 9, no. 4, pp. 65–71 (In Russian). 

13. Stenina E. I. Osnovy nauchnykh issledovaniy. Odnofaktornyy eksperiment [Fundamentals of scientific 
research. One-factor experiment]. Ekaterinburg, UGLTU Publ., 2020. 25 p. (In Russian). 

14. Pizhurin A. A. Osnovy nauchnykh issledovaniy v derevoobrabotke [Fundamentals of scientific research 
in woodworking]. Moscow, MGUL Publ., 2005. 305 p. (In Russian). 

15. Pizhurin A. A. Nauchnyye issledovaniya v derevoobrabotke. Osnovy nauchnykh issledovaniy [Scientific 
research in woodworking. Fundamentals of Scientific Research]. Moscow, MGUL Publ., 1999. 103 p. (In Russian). 

   

   –   ,    
     .    -

 (220006, . , . , 13 ,  ). E-mail: antonpolx1@mail.ru 
   –   , ,   -

 .     (220006, . , 
. , 13 ,  ). E-mail: prohor@tut.by 

Information about the authors 

Polkhovsky Anton Viktorovich – Master of Engineering, Senior Lecturer, the Department of Technology 
and Design of Wooden Articles. Belarusian State Technological University (13a, Sverdlova str., 220006, 
Minsk, Republic of Belarus). E-mail: antopolx1@mail.ru 

Prokhorchik Sergey Aleksandrovich – PhD (Engineering), Associate Professor, Dean of the Faculty 
of Extramural Studies. Belarusian State Technological University (13a, Sverdlova str., 220006, Minsk, 
Republic of Belarus). E-mail: prohor@tut.by 

 20.06.2024

 


