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The effect o/polyvinyl butyral, magnesium-zinc oxychloride, and viscose fibers on the thermophysical 
properties of phenol-formaldehyde composites is investigated. 

Thermosett ing plastics modified by linear polymers dispersed at the molecular level form, upon 

solidification, a spatial net structure of the semi-interpenetrating type (SIN) [1 ]. Materials with an SIN structure 

of the polymer matrix are more elastic and more resistant to friction-contact fatigue than are individual 

thermosetting plastics. An increase in the thermal conductivity and a decrease in the thermal wear of these materials 

can be achieved by additional modification of the polymer matrix by structure-forming mineral substances, e.g., 

magnesium-zinc oxychloride (MZO). However, the mutual effect of linear polymers dispersed at the molecular level 

and mineral structure-forming substances on the thermophysical properties of phenolic resins has not been studied 
so far. 

In the present work we investigate the effect of polyvinyl butyral (GOST 9439-73), magnesium-zinc 

oxychloride, and hexamethylenetetramine (TU 6-09-36-70) on the thermophysical properties of phenol- 

formaldehyde polymers. The magnesium-zinc oxychloride was produced by reacting magnesium chloride (GOST 
4340-76) with zinc oxide (GOST 10262-74). Waste viscose fibers (TU 6-06-442-79) were used as a filler. Samples 

were produced by compression pressing at a temperature of 160-170~ under a pressure of 40 MPa for 1 rain per 

1 mm of item thickness. The characteristics of the phenol-formaldehyde composites necessary for calculation of 
their heat capacity and thermal conductivity were estimated on an IP-400 device in the temperature range of 
25-225~ 

Inasmuch as the choice of an optimum component composition in the binder for producing composites with 
a high thermal conductivity is not straightforward, we studied by the method of mathematical experiment design 

[2 ] the effect of the concentration of the ingredients on the thermophysical properties of the material. The thermal 

conductivity coefficient 2 and specific heat capacity Cp of the phenol-formaldehyde composite were chosen as 

optimization parameters, and the contents of polyvinyl butyral (XI), magnesium-zinc oxychloride (X2), and 

hexamethylenetetramine (X3) were chosen as factors. The composition corresponding to the basic level of variation 
of independent variables contained Cl = 6 _+ 2 wt.pt, polyvinyl butyral, C2 = l0 +_ 4 wt.pt, magnesium-zinc 
oxychloride, and C3 = l0 _ 4 wt.pt, hexamethylenetetramine. 

As a result of realization of the experiment plan and statistical processing of the experimental data on an 

ASVTM 40-30 computer, equations reflecting the effect of component concentration on the thermophysical 
properties of phenyl-formaldehyde composites at different test temperatures were obtained. 

I. Thermal conductivity coefficient of composites: 

l . l .  T t = 25~ 

21 �9 104 = 1162 + 6.06X I - 11.96X 2 - 29.7X 3 + 
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+ 4 X I X  2 + 13.17XlX 3 + 29.33X2X 3 - 21.63X 2 - 25.16X~2 + 33.23X~a ; 

1 . 2 .  T t = 5 0 ~  , 

,'l 2" 104 = 1956 - 11.59X~ - 63X 2 - 54.12X 3 - 

- 62 .04XlX 3 + 78.62X2X 3 - 17.59X~ - 50.59X 2 + 42.57X~ ; - 16.62XIX 2 

1.3. T t = 7 5 ~  

+ 12 .75XIX 2 - 

1.4. T t = 100~ 

/13" 104 = 1672 + 40.64X t - 27.7X 2 - 107.9X 3 + 

25 .58XtX 3 + 43.08X2X 3 + 36.17X~ + 16.72X ] + 87 .67X]  ; 

24- 104 = 3636 - 60.69X l + 35.04X 2 - 126.6X 3 + 

+ 10 .04XIX 2 - 16 .29XIX 3 + 60.12X2X 3 - 27.34X~! - 170.2X~2 + 23.63X~3 ; 

1.5. T t = 125~ 

/I  5 -  1 0 4  = 4 2 9 0  - 212.4X l - 25 .63X 2 - 22.66X 3 - 

- 137.2xtx2 + s2.46x,x3- ll.62x2x3- 79.81  + 45.5s - 23.95 ; 

1.6. T t = 150~ 

26" 104 = 4510 - 31.24X l - 140.7X 2 + 45.7X 3 - 

- 4 .542XlX 2 - 139.8XIX 3 + 147X2X 3 

1.7. T t = 175~ 

+ 7 7 . 5 8 X I X  2 - 

1 . 8 .  T t = 200~ 

+ 69 .71XIX 2 - 

1.9. T t = 225~ 

/!. 7 �9 1 0 4  = 4 5 9 2  - 63.76X 1 

152.4XIX 3 + 223.3X2X 3 

/1. 8 -  1 0 4  = 4 9 0 2  - 2 2 . 0 4 X  I - 

2 2 5 . 5 X I X  3 + 177.7X2X 3 

/19" 104 = 5297 + 73.74XI - 

+ 4 5 . 6 7 X I X  2 - 278 .1XIX 3 + 193.6X2X 3 - 

2. Specific heat  capaci ty  of compos i t e s :  

- 1 1 9 . 4 X ~  + 1 6 3 . 2 X ~ -  77.35X2 ; 

- 96.66X 2 - 14.59X 3 + 

- 1 6 6 . 3 X ~  + 165.1X22 - 6 5 . 4 X ~  ; 

55 .13X 2 + 8.034X 3 + 

- 1 7 8 . 1 X ~  + 1 0 7 . 8 X ~ -  121.5X2;  

2 .32X 2 - 52.02X 3 + 

188.lX~ + 4 0 . 3 5 X ~ -  229 .4X~.  
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2.1. Tt = 25~ 

CIp = 818.7 + 36.12X I + 62.81X 2 + 40.67X 3 + 

+ 90 .12XIX 2 + 33 .04XlX 3 + 7.625 X2X 3 + 63.38X~ + 56.01X~ - 4 .741X 2 ; 

2.2 Tt = 5 0 ~  

C2p = 1420 + 33.63X I - 36.78X 2 - 9 .368X 3 - 

- 1 . 6 2 5 X I X  2 - 16.87XIX 3 - 16.54X2X 3 + 41 .9Xf  + 14.32X~2- 10.54X~3 ; 

2 3 .  T t = 7 5 ~  

C3p = 1683 + 23.12X1 - 5 .459X 2 - 0.045X 3 + 

+ 38 .37XIX 2 - 3 .208XIX 3 + 4.45,SX2X~- IZ337Xf  + 1027~:g'~2 - 4,,'571~X~; 

2.4. Tt = 100~ 

C@ = 1767 + 40.57X l - 20.'75X 2 -+ 24.3SX~ -§ 

+ 34 .29XIX 2 - 3 .792XIX 3 + 19.37X2X 3 + 30.3"2X12 + 50~83X~ § 9,:69~-s 

2.5. rt = t25~ 

Csp = 1891 + 77.24X l - S g , 4 5 X  z + 1,$,0;5X3~- 

- 3 .083XlX 2 - 0 .167XlX 3 - ' 9 . 5 X : ~ 3  + 7 9 . 2 ~ : i - +  3 g : ' . s  ;I:I.~X2; 

2.6. T t = 150~ 

C6p = 2058 + 79.18X I - 28.48X 2 + 29-2'~X 3 ") 

+ 20 .62XIX 2 + 16 .71XIX 3 + 40.79X2X 3 + 104.3X~ + 28.93X 2 - 0 . 8 8 4 X ~  ; 

2.7. T t = 175~ 

CTp = 2263 + 82.36X1 + 36.33X 2 + 103.7X 3 + 

+ 69 .79XIX 2 - 22 .96XIX 3 + 44.46 X a X  3 + 65.64X~ - 30.88X22 - 49.2X~ ; 

2.8. T t = 200~ 

Cap = 2203 + 156.5Xt + 85.18X 2 + 165.7X 3 - 

- 39 .42XIX 2 + 39.42X1X 3 + 17.83X2X 3 + 139.8X~ - 30.78X~ - 90 .23X 2 ; 

2.9. T t = 225~ 

C9p = 1979 + 174.3X 1 + 152.7X 2 + 204.4X 3 - 

- 10 .08XtX 2 - 102.4XiX 3 + 78.67X2X 3 + 78.62X~ + 77.38X~ + 20 .46X 2 . 
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Fig. 1. Dependences  of the specific heat  capac i ty  (1) and  the rma l  conduct iv i ty  

c o e f f i c i e n t  (2) of p h e n o l - f o r m a l d e h y d e  p o l y m e r  c o n t a i n i n g  4.34 wt .p t .  

po lyvinyi  bu ty ra l ,  9.608 wt.pt ,  m a g n e s i u m - z i n c  oxych lo r ide ,  a n d  6 wt .pt .  

h e x a m e t h y l e n e t e t r a m i n e  on the concen t ra t ion  of viscose f iber  (T t ffi 100~ ~., 

W / r e .  K; C, J / k g "  K; Cvf, wt.pt .) .  

T h e  F i s h e r  c r i te r ion  (Ftheor ffi 5.05) was  used  to ver i fy  the  a d e q u a c y  of  the  equa t ions  o b t a i n e d  [2 ]. 

E x p e r i m e n t a l  va lues  of  the  F i she r  c r i te r ion  and  the conf idence  in te rva ls  of the coeff ic ients  of  the  regress ion  

equat ions  are ,  respec t ive ly  ( n u m b e r s  1 to 18 cor respond  to n u m b e r i n g  of equat ions) :  

1) Fexper = 4.22 ; Abi = 3.7812 ; Abii = 3.6809 ; Abij = 4.9403 ; 

2) Fexper = 0.96 ; Abi = 3.6921 ; Abii = 3.5942 ; Abq = 4.824 ; 

3) Fexpe r -- 7.12 ; Abi = 3.5444 ; Abu = 3.4503 ; Abij = 4.6309 ; 

4) Fexpe r = 2.49 ; Abi = 3.4762 ; Abii = 3.384 ; Abij = 4.5419 ; 

5) Fexper = 1.21 ; Abi = 3.5612 ; Abu = 3.4667 ; Abq = 4.6529 ; 

6) Fexpe r = 0.71 ; Abj = 4.5231 ; Ab~ = 4.4032 ; Abq = 5.9098 ; 

7) Fexpe r = 1.75 ; Abi = 3.7093 ; Abii = 3.6109 ; Abq = 4.8464 ; 

8) Fexpe r = 1.84 ; Abi = 10.1613 ; Abii = 9.8917 ; Abq = 13.2763 ; 

9) Fexper = 1.02 ; Abi = 29.6037 ; Abii = 28.8184 ; A b i y  = 38.6791 ; 

10) Fexper = 5.17 ; Abi = 3.7424 ; Abii = 3.6431 ; Abq = 4.8897 ; 

11) Fexpe r = 0.32 ; Abi = 4.2337 ; Abii = 4.1214 ; Abq = 5.5315 ; 

12) Fexpe r = 0.28 ; Ab i = 3.6174 ; Abii = 3.5215 ; Abq = 4.7264 ; 

13) Fexpe r = 0.36 ; Abi = 3.6381 ; Abii = 3.5415 ; Abij = 4.7533 ; 

14) Fexpe r =  1 .72;  A b i =  3 .4405 ;  A b i i =  3 .3492 ;  A b q =  4 .4952 ;  

15) Fexpe r =  1.13;  Abi=-- 3 .2597;  Ab u = 3 . 1 7 3 2 ;  A b q =  4 .2590 ;  

16)  Fexpe  r --  1.21 ; Abi = 3.5444 ; Abu = 3.4503 ; Ab/y = 4.6309 ; 

17) Fexpe r = 4.26 ; Abi = 3.6143 ; Abii = 3.5185 ; Abij = 4.7224 ; 

18)  Fexpe  r = 3.45 ; Ab i = 3.4340 ; Abii = 3.3429 ; Abq = 4 .4867 .  

It is evident  f rom a compar i son  of the expe r imen ta l  and  t abu la t ed  values of the F i sher  c r i te r ion  tha t  Eqs. 

(1),  (2),  (4-9) ,  a n d  (11) - (18)  a re  adequa t e  and  Eqs. (3) and  (10) a re  nea r ly  adequa te  mode l s  of the t h e r m o p h y s i c a l  

p roper t i es  of the  composi te  mater ia l .  

I n a s m u c h  as polyvinyl  bu ty r a l -mod i f i ed  p h e n o l - f o r m a l d e h y d e  po lymers  at t e m p e r a t u r e s  h igher  than  125~ 

have low s t reng th ,  which reduces  the i r  l oad-ca r ry ing  capaci ty ,  the o p t i m u m  content  of modi f ie r s  in the  compos i t ion  

was  d e t e r m i n e d  f rom the coord ina tes  of the  m a x i m u m  of funct ion (4) ,  descr ib ing  the  t h e r m a l  conduc t iv i ty  of the  

mate r i a l  at  a test  t e m p e r a t u r e  of 100~ It was found  by ana lys i s  of Eq. (4) that  the p h e n o l - f o r m a l d e h y d e  compos i t e  

possesses  the  m a x i m u m  calcula ted  value of the t he rma l  conduct iv i ty  coefficient  ~ = 0.3806 W ] m .  K. 

Since the  compos i te  mate r ia l  with the op t imum composi t ion  is not wea r - r e s i s t an t  and  has  a low impact  

s t r eng th ,  in o rde r  to improve  its res i s tance  to s t resses ,  the p o l y m e r  ma t r ix  was re in forced  with c h o p p e d  viscose 

f iber .  F igure  1 p resen t s  da ta  on the effect of the conce t ra t ion  of viscose f iber  on the t h e r m o p h y s i c a l  p roper t i es  of 
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the phenol-formaldehyde composite. It is evident that the curve of the thermal conductivity coefficient grows 
continuously with an increasing content of viscose fiber. This can be explained by the transition of the binder into 

the boundary-layer state on the surface of the fiber filler and by the higher thermal conductivity of viscose fibers 
compared to the phenol-formaldehyde polymer [3, 4 ]. In contrast to the thermal conductivity coefficient, the curve 
of the specific heat capacity of the phenol-formaldehyde composite has a minimum at a content of 110 wt.pt, of 
viscose fiber in the binder. 

Thus,  modification of the phenol- formaldehyde polymer by polyvinyl butyral ,  magnesium-zinc 
uxychloride, and viscose :;ber makes it possible to improve the thermophysical characteristics of composite materials 

and recommend their use in friction units of machines and mechanisms. 
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