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ABSTRACT 
The spontaneous break-up of long threads of poly- 

mer melt suspended in the melt of the other polymer 
has been observed. The kinetics of this process was 
studied for several pairs of polymers. The possibility 
of description of this process by the theory of deve - 
lopment of stationary capillary waves is demonstrated. 

INTRODUCTION 
The multicomponent polymer systems obtained by 

mixing of polymer melts are of importance and interest 
owing to the technical ease of mixing which consists 
mostly in extruding the preliminary mixed components. 
The blend results from two processes: forced mechanical 
mixing and spontaneous mixing. The former one is reali- 
zed by exterior forces developing flow rate gradients. 
This results in a considerable increase of the free 
energy of the system. Thermodynamic instability of such 
a configuration of components causes spontaneous mixing 
which in the case of incompatible polymers can be obse~ 
red as the change in geometry of the phase structure, 
previously formed. 

It is known that the extrusion of the blend of two 
polymer melts leads to a specific configuration of thin 
treads of suspended component oriented along the axis 
of the extruded filament Ii,21. The structure of com - 
ponents thus formed may be fixed by quenching the extru- 
date. It has been also found that annealing of the 
extruded filament in molten state may lead to a droplet- 
-like dispersion of the minor component 131. The mecha- 
nism and kinetics of such dispersion changes have not 
been yet sufficiently studied, however,it was observed 
that the process consists in breaking-up of threads of 
molten polymer suspended in the melt of the other poly- 
mer. Qualitative analysis of this process points out 
its close similarity of the break-up of thin threads of 
low molecular weight liquids. The mechanism of the lat~ 
process have been alredy reported 14,51. 

The aim of the present work was to measure the ki- 
netics of the break-up of molten polymer threads and to 
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point out the possibility of description of this pro- 
cess in terms of the mechanism given by Tomotika ]5[. 

THEORETICAL 
The theory of break-up of long liquid thread im - 

mersed in another liquid is based on the assumption 
that this process is caused by the growth of symmetri- 
cal stationary capillary waves at the surface of the 
thread. The resulting disturbance of the thread shape 
may be expressed by the following equation, 

e = a s i n  2~x (1 )  
X 

w h e r e  x i s  t h e  d i s t a n c e  m e a s u r e d  a l o n g  t h e  a x i s  o f  t h e  
t h r e a d ,  e i s  t h e  d i s t u r b a n c e  a t  a g i v e  p o i n t  a n d  a i s  
t h e  a m p l i t u d e  o f  t h e  wave  o f  l e n g t h  X ( F i g . 2 ) .  The  

r o w t h  o f  t h e  d i s t u r b a n c e  a m p l i t u d e  may b e  e x p r e s s e d  a s  
41, 

a = a ~ e x p  (q  t )  ( 2 )  

w h e r e  t i s  t i m e ,  a o i s  t h e  a m p l i t u d e  a t  t = O ,  q i s  t h e  
r a t e  c o n s t a n t  o f  t h e  a m p l i t u d e  g r o w t h .  The f a c t o r  q h a s  
been found assuming that the interfacial energy is dis- 
sipated as work of viscous flow 151. 

The process goes on with such a wave length for 
which the amplitude of disturbance has the maximum rate 
of growth. It is determined by the viscosity ratio of 
the thread to surrounding fluid and by the thread 
radius. Both q and X values can be calculated on the 
basis of Tomotika theory 151. The growth of the distur- 
bance proceeds until its amplitude reaches the value, 

a b = ~ R  ~ (3) 

It takes place after the time t b = ~ qln( ~-). (4) 
o 

At this moment the thread breaks into drops whose dimen- 
sions may by calculated on the basis of conservation of 
the thread volume. 

A good agreement between the theory and experiment 
has been shown in the case of the low molecular weight 
liquids 141. This paper includes the results of exami- 
nation of break-up of thin threads in the system of po- 
lymer melts. 

EXPERIMENTAL 
Kinetic measurements of the break-up of thin molten 

polymer threads were made for a series of polymer sys - 
tems as specified in Table I. The observations of chan- 
ges in the thread shape showed that in all cases under 
investigation the process is of high regularity and the 
changes observed are identical to those shown in Fig.l 
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Fig.l. Succesive steps of the break-up of molten poly- 
mer thread (polyamide) in the melt of the other polymer 
(polystyrene). 

for polyamide fiber suspended in polystyrene melt. The 
succesive steps of the process are shown by the micro- 
scopic photographs. 

The samples for measurements of thread shape chan- 
ges were prepared by placing thin polymer fiber between 
films of other polymer (O.g mm in thickness) and hea - 
ting them at 250~ so as to obtain thin threads of one 
molten polymer in the melt of the other polymer. 

RESULTS AND DISCUSSION 
To find the rate constant q~the relationship bet- 

ween in(a/Ro) and time was plotted for each pair of po- 
lymers. Examples of these are shown in Fig.2. for se - 
veral systems. It can be easily noticed that all the 
relationships presented satisfy approximately a linear 
relation. It means that the exponential growth of the 
amplitude of thread narrowing predicted by the Eq.2 
is observed. The experimentaly determined q and I va- 
lues and those calculated theoreticaly using the expe- 
rimental values of surface tension and viscosity data 
are given in Table I. The correlations between experi- 
mental and theoretical q and I values are illustrated 
in Fig.3. The results seem to confirm that the kinetics 
of the process may be described by the theory developed 
for the process taking place in low molecular weight 
liquid. 
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Fig. 2. Examples of plots of ln(a/R o) vs time. 

Table I 
Comparisson of the experimental and theoretical data 
characterising the break-up process of melt threads 

PS 

PE 

i 

PA 

r PP 

~ I ~ ,~ ~'~ 0 

.~ ..~ ~ ~-~ ~ 
0 oo ~ o ~ 

�9 I-~ .-'< 0" 0" E-, 

196 870 789 2.07 0.9 
PA 66 1.46 14.4 306 265 5.02 2.61 

45 145 181 9.78 3.37 

30 119 211 7.62 4.55 
PE 24 0.85 3.7 118 269 6.34 5.69 

166 625 613 1.97 1.75 
PP 47 i.O 2.0 220 174 - - 

PS 88 1.17 3.7 585 505 1.O3 0.64 

PA 150 1.68 17.O 686 748 Ii.i 17.8 

PS 62 0.69 14.4 280 407 6.17 6.2 

PS 226 I.O 2.0 846 835 O.81 1.5 

68 1.43 16 5 276 274 13.O 2.9 
PA 32 " 211 129 24.4 19.2 
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Fig. 3. Correlations between experimental and theore- 
tical q and ~ values. 

The divergences in the experimental and theoretical ra- 
te constant values may be due to the fact that iner - 
tial effects connected with liquid flow have not been 
taken into account in the theory. It seems, however, 
that due to the low rate values, the necessary correc- 
tion should not be high. One can also believe that the 
observed discrepances of the q values are due to the 
use of the viscosity values corresponding to different 
shear rates than these in the actual process. The sol~ 
tion of this problem involv~however further considera- 
tion on the distribution of the flow rates inside the 
thread during its narrowing which seem to be an extre- 
maly difficult task. 

The process of spontaneous break-up of thin 
threads of the molten polymer suspended in the melt of 
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the other polymer may have an important effect on 
changes of the phase structure of polymer blends sub- 
jected to intensive flow as for example during extru- 
sion. It becomes clear on the basis of the results 
presented that the minor component in the extruded 
blend will behave accordingly to the mechanism descri- 
bed. Long threads of this component formed during ex- 
trusion will break-up into droplets if only the blend 
will be kept in molten state sufficiently long time. 
On the other hand in blends containing comparable 
amounts of both components it is usually difficult to 
distinguish which one of the components constitute the 
matrix and which one is dispersed. In such a case the 
structure can change from place to place and each com- 
ponent can be treated both as the matrix or as the 
dispersed phase dependently on the local structure. 
If such a blend consisting of components A and B is 
extruded layers and fibrils of both components can be 
formed in the extrudate. Accordingly to the results 
presented here the rate of breaking up of threads of 
component A in matrix B will be different from the ra- 
te of breaking of threads B in matrix A. Due to this 
one component will disperse earlier than the other one. 
It can be supposed that this situation, if repeated 
many times during mixing process will influence the 
type of the blend structure in this way that the ratio 
of rates of breaking-up of threads of both components 
can determine the composition at which the phase in- 
version takes place. Further studies are,however, ne- 
cessary to relate the results of this paper to the real 
structures of polymer blends. 

RE FE PENCE S 
I. HAN, C.D., KIM, Y.M. and CHEN, S.I.: J.Appl. Polym. 

Sci., 19, 2831 (1975) 
2. ABLAZOV--A, T.I., TSEBRENKO, M.B., YUDIN, A.B.V., VIN- 

GRADOV, G.V., and YARLYKOV, B.V.: J.Appl.Polym. Sci., 
19, 1781 (1975) 

3. PAKULA, T. : "Influence of the Phase Structure on Me- 
chanical Properties of Polymer Blends", Paper presen- 
ted on 2-nd International Microsymposium on Polymer 
Blends, L6d~ (Poland)- Juni (1975) 

4. RUMSHEIDT, F.R. and MASON, S.G.: J.Coll. Sci., 17, 
260 (1962) 

S. TOMOTIKA, S . :  Proc .  Roy. Soc. (London) A150, 322 (1935) 

Received June 11/ Accepted June 19, 188o 


