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Following is a presentat ion of experimental resu l t s  obtained in a study of the thermophysical  
and the dielectr ic  proper t ies  of P4040-L polyethylene filled with wood flour. 

Wood-f lour-f i l led P4040-L polyethylene is a typical thermoplast ic  material �9 It is mechanical ly very  
s t rong,  highly heat  res is tant ,  durable,  and rel iable ,  which justifies its wide use in radio engineering work 
as well as in other  branches of industry [1, 2]. 

In order  to put a thermoplast ic  mater ia l  to a prac t ica l  use,  one must  know not only its mechanical  but 
also its die lectr ic  and thermophysical  proper t ies �9  However,  data on the tempera ture  and dielectr ic  c h a r -  
ac te r i s t i c s  of this mater ia l  a re  lacking. 

We will p resen t  here  the experimental  resul ts  obtained in a study of these charac te r i s t i c s  for wood- 
f lour-f i l led P4040-L polyethylene. 

P4040-L high-densi ty (T = 941-943 k g / m  3) polyethylene is a product  of ethylene polymeriza t ion under 
low p r e s s u r e ;  the polymer  s t ruc ture  is 85% crys ta l l ine ,  its molecular  weight is 104-3 �9 106 , and the m a c r o -  
molecular  chain is l inear;  Z = 0.352 W / m . d e g ,  Cp = 1�9 J / k g . d e g ,  tan 6 = 2 .1 .10  -t ,  a = 2.4, Pv = 1.8 
�9 io ~4 [ 3 ] .  

Wood flour,  the polyethylene f i l ler ,  is ground shavings produced in p rocess ing  the t imber of conif-  
erous t rees�9 At T = 290~ ~mean = 0.306 W / m � 9  a = 1 .07 .10  -7 m 2 / s e c ,  Cp = 2 .56.10 s J / k g ' d e g  [4]. 

The dielectr ic  loss tangent tan 6 and permit t iv i ty  a were  determined on fiat specimens 50 mm in d iam-  
eter  with a KV-1 coulometer  at  the 1.5 MHz frequency [5]. The volume res is t iv i ty  and the surface res is t iv i ty  
were  determined on fiat specimens 26 mm thick with an F-507 t e raohmmeter  [5]. The the rmophys iea lp rop-  
er t ies  (conductivity ~, diffusivity a ,  specific heat Cp) were  determined with an apparatus shown in [6]. 

The tests  were  made on cylindrical  specimens with the following geometr ical  dimensions:  l = 120 
ram, d = 40 ram. Three  holes l / 2  deep were  dril led lengthwise at  locations marked on a radius.  A copper 
- constantan thermocouple for measur ing  the absolute t empera tures  within a 0.1 ~ accuracy  was installed along 
the specimen axis.  A differential thermocouple for measur ing  small  t empera ture  differences within a 0.01 ~ 
accuracy  was installed in each of the other two holes paral le l  to and at the respect ive  distances of 6 mm and 
12 mm from the axis. A heater  coil of 0.2 mm constantan wire  was wound tightly around the cylindrical  s u r -  
face of the specimen and bonded to it with Bakelite varnish.  Such a specimen assembly  ensured a t empera -  
ture field sufficiently uniform in the axial direct ion for the duration of the test .  

The thermophysical  charac te r i s t i c s  of wood-f lour-f i l led P4040-L polyethylene were  studied in the 
273-3730K tempera tu re  range.  A specimen was heated at a constant ra te  of 1-3~ The power drawn 

for heating a specimen was 4.5-5.0 W. 

The e r r o r  in determining the dielectr ic  p roper t i es  did not exceed 4%, in determining the thermophys i -  

cal proper t ies  570. 
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Fig. 2 

Tan 6 and e of P4040-L polyethylene as functions of the wood-flour 
content (m, %): i) tangent of dielectric loss angle; 2) dielectric permittivity. 

Fig. 2. Curves of Cp = f(T), and a = f(T): i, 2) represent the specific heat 
and the thermal diffusivity of a 90 : I0 P4040-L polyethylene-wood flour 

mixture; 3, 4) represent the specific heat and the thermal diffusivity of a 
50:50 P4040-L polyethylene-wood flour mixture. 

In Fig. 1 are shown the dielectric characteristics (tan 6, e) of low-pressure P4040-L polyethylene as 
functions of the wood-flour content. It is evident from the diagram that the addition of filler increases the 
dielectric losses. The sharp increase of tan 6 results from an addition of polarly oriented filler clusters 

into the polyethylene [i0], while the magnitude of dielectric losses is particularly sensitive to small con- 
centrations - up to 5% - of filler material. The maximum increase of tan 6 occurs when the filler content 
is 25 -30%, beyond which it again decreases. 

The dielectric permittivity decreases sharply as 5% wood flour is added. With a further addition of 
filler it does not change, remaining almost constant. The volume resistivity and the surface resistivity 
decrease with the addition of filler. 

In Figs. 2 and 3 are shown the thermophysieal temperature characteristics of P4040-L polyethylene 

-wood flour mixture. The diagram indicates that the thermal diffusivity of the mixture decreases as the 
temperature increases over its entire range. 

The specific heat increases with higher temperature, and moderate maxima are observed at T = 335- 
338~ In the authors' opinion, the presence of local maxima results from a change in the polyethylene 
structure when it is heated together with the filler. The structural transition of the polymer brings about 
a release of heat and a lowering of the specific heat. This hypothesis is confirmed by the sharp increase 

in the thermal diffusivity at the said temperatures. 

q~ 

q~  ' 0  

Fig. 3. Curves of ~ = f(T) for the follow- 
ing mixtures: 1) 90% P4040-L polyethylene 
and 10% wood flour; 2) 50% P4040-L poly- 
ethylene and 50% wood flour. 
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The possibi l i ty  that such a p roces s  occurs  during heating has been hinted at  in [7, 8, 9]. 

The addition of 50% fi l ler  causes  a shift of the maximum toward 3-5~ higher  t ransi t ion t empera tu res  
than for polyethylene with 10% f i l ler .  

The amounts of polyethylene and wood flour in the mix ture  were  measu red  in percentages  of total 
mas s. 

p is 
is 

Cp is 
a is 
tan 6 is 

is 

Pv is 
m is 

NOTATION 

the densi ty;  
the thermal  conductivity; 
the specific heat;  
the thermal  diffusivity; 
the tangent of the d ie lec t r ic  loss  angle; 
the d ie lec t r ic  permi t t iv i ty ;  
the volume res i s t iv i ty ;  
the f i l ler  content,  %. 

LITERATURE CITED 

i. E.I. Barg, Technology of Synthetic Plastics [in Russian], Goskhimizdat (1954). 
2. G.P. Grigor'ev, G. Ya. Landsberg, and A. G. Sirota, Polymer Materials [in Russian], Izd. Vys- 

shaya Shkola, Moscow (1966). 
3. Yu. M. Molchanov, Physical and Mechanical Properties of Polyethylene and Polyisobutylene [in 

Russian], Izd. Zinatae, Riga (1966). 
4. A.V. Lykov, Theoretical Fundamentals of Structural Thermophysies [in Russian], Izd. Akad. Nauk 

BSSR (1961). 
5. N . P .  Bogoroditski i  and V. V. Pasynkov,  Radio Engineering Mater ia ls  [in Russian],  Gose'nergoizdat 

(1961). 
6. L.L. Vasil'ev, Inzh. Fiz. Zh., No. 5 (1964). 
7. V.S. Shifrina and N. N. Samosatskii, Polyethylene [in Russian], Goskhimizdat (1961). 
8. A.N. Karasev, Plastics, No. 1 (1967). 
9. Transitions in Teflon, Techn. News Bull. Nat. Bureau of Stand., 37, No. 5 (1953). 

1O. D.W. McCall, in: Polyethylene (editorsA. Renfrew and P. Morgan), London-New York (1960), 
p. 147. 

596 


