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Abstracts. - It was shown earlier that ultrasonic absorption could be succesfully measured during 
the vinylchloride industrial /suspension/ polymerization by a pulse method in MHz freqBncy range. 
In this report the ultrasonic absorption time-dependent spectra at 1 MHz are presented for various 
polymerization conditions. Models of scattering centre are discussed quelitatively. It is believed 
that the most pronouned peaks /a > 60 dB/cm are due to local liquid- vapour phase transitions of 
the monomer in the polymerizing system. 

The suspension polymerization is an im­

portant technology of commercial poly (vinyl chlo­

ride) production. The vinyl chloride polymerization 

process is strongly exothermic and usually is per­

formed in stainless steal reactors provided with 

thermostating mantel, back pipe cooler and stirring 

propeller. The physical properties of polymerizati­

on system are commonly describes in terms of pres­

sure and temperature, as well as in terms of tempe­

rature of thermostating medium. Because of stirring 

action of the suspending agent, monomer droplets, 

dispersed in water phase are formed and maintained 

as isolated system during the polymerization until 

they become the final resin beads. Therefore, the 

local (nonequilibrium) thermodynamik properties of 

polymerization system such as are related to the 

morphology of the VC/PVC particles have an impor­

tant bearing upon processability properties of the 

finished product and on the rate of removal of re­

sidual vinyl chloride. On the other hand, propaga­

tion of bulk longitudinal acoustic waves is mainly 

determined by the local properties of the system 

within the wavelength, thus providing the informa­

tion about the dispersed phase. In our earlier pa­

per /l/ we have shown that attenuation of acoustic 

waves in medium ultrasonic range can be successful­

ly measured during vinyl chloride commercial sus­

pension polymerization. In this report the ultra­

sonic time-dpendent spectra at 1 MHz are presented 

and discussed for several polymerization conditions 

The measurements were carried out by a pulse 

transmission technique using MATEC ultrasonic com­

parator electronics. Both attenuation and travel 

time of rf.ultrasonic pulses between transmitting 

and receiving transducers were measured by compa­

rison methods and recorded manually from oscillos­

cope screen. Rf. pulses (of approx.5 sec duration 

and 500 Hz repetition rate) of longitudinal ultra­

sonic waves were generated and received by piezo-

ceramic transducers of 800 kHz fundamental frequen­

cy. The transducers were cemented to stainless 

steel buffer rods with plane-parallel ends. The 

ultrasonic apparatus was calibrated agints distil­

led water. The acoustic and electric insulation of 

transmitting and receiving transducers was better 

than 60 dB at 1 MHz. Relative error of attenuation 

meausurements was less than 2%. Ultrasonic pulse 

travel time was measured with approx. 1% accuracy. 

Typical courses of ultrasonic attenuation a (t) 

and travel time x (t) spectra during the polymeri­

zation A (porous PVC particles) are shown in fig.l 

The arrow on the time scale denotes the time, when 

the polymerization temperature was reached. The 

a (t,A) curve is characteristic though a large 

maximum appearing approx. one hour before the end 

of the polymerization with the peak value well 

above 200 dBcm . The narrow peak at the beginning 

of the process A, appearing during the heating of 

polymerization system, is most probably due to 

scattering of ultrasonic waves on monomer bubbles 
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Résumé. - Nous avons montré précédemment que l'atténuation ultrasonore pouvait être mesurée par 
une méthode d'impulsions ultrasonore dans une gamme de fréquences de quelques MHz pendant le pro­
cessus de suspension polymérisation du chlorure de vinyle. 
Dans cet article nous présentons les spectres en fonction du temps de la vitesse et de l'atté­

nuation des ondes ultrasonores à la fréqeunce de 1MHz pour diverses conditions de polymérisations. 
Nous discutons qualitativement des modèles de centres de diffusion. Nous pensons que les pics les 
plus prononcés (a >60 dB cm"-'-) sont liés à des transitions de phase locales liquide-vapeur du 
monomère dans le système sous polymérisation. 
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Fig.  1 U l t rason ic  at tenuat ion /0000/ and t r a v e l  
t ime /. .. ./ t ime dependent. spectra a t  1 MHz f o r  
v i n y l  c h l o r i d e  polymer izat ion o f  type A./xxxx/ - 
pressure i n  the  reactor .  

which are created t r a n s i e n t l y  by eveporation o f  

l i q u i d  monomer dur ing the polymer izat ion system 

heating. For other  po lymer izat ion condi t ions the  

decay o f  t h i s  peak i s  observed a t  times which ex- 

ceed t h e  t ime when the  polymer izat ion temperature 

i s  reached (see f o r  example Fig.2).  This  f a c t  i n d i -  

cates t h a t  b o i l i n g  o f  the polymer izat ion system a t  

the  beginning o f  the  process i s  a lso  accompainied 

by s t rong foaming o f  suspending agent i n  the  prime- 

r y  stages o f  some polymer izat ion technologies /2/. 

The most s t r i n k i n g  e f f e c t ,  observed dur ing t h e  po- 

l ymer iza t ion  B, i s  t h e  presence o f  on ly  small ma- 

ximum a t  the end o f  the  process. Since t h e  polyme- 

r i z a t i o n  technology B produces more compact PVC 

p a r t i c l e s ,  we can assume t h a t  the  l a r g e  (200min,A) 

maximum i s  again due t o  s c a t t e r i n g  o f  u l t r a s o n i c  

waves. However, i n  t h i s  stage o f  po lymer izat ion A, 

the  s c a t t e r i n g  centers are formed i n  a consequence 

o f  the  decrease o f  thermal exchange e f f i c i e n c y  

between t h e  r e s i n  beads and suspending agent. Cre- 

a t i o n  o f  both types o f  s c a t t e r i n g  centers i .e .  se- 

s i n  beads f i l l e d  w i t h  gaseous monomer as we l l  as 

monomer bubbles i s  1 i ke ly  probabl e/3/. The above 

model o f  u l t r a s o n i c  s c a t t e r i n g  centers which occur 

i n  the  l a s t  stage o f  po lymer izat ion A i s  supported 

by t h e  observat ion o f  r a p i d  increase o f  a t t e n u a t i -  

on as a f u n c t i o n  o f  pressure decrease dur ing de- 

gassing o f  f i n a l  PVC product a t  the  end o f  polyme- 

r i z a t i o n  as i t  i s  i l l u s t r a t e d  i n  F ig.  3 

S i m i l a r  behaviour o f  u l t r a s o n i c  a t tenua t ion  i s  ob- 

served i n  f r e s h l y  prepared suspensions o f  d r y  PVC 

p a r t i c l e s  dur ing t h e i r  degassing. Rather d i f f e r e n t  

a t tenua t ion  vs. t ime curves were recorded dur ing  

PVC polymer izat ion under cond i t i on  C (see f i g  4) 

Fig. 2 U l t rason ic  a t tenua t ion  /0000/ and t r a v e l  
t ime  /.-..*/ t ime dependent spectra a t  1 MHz f o r  
v i n y l  c h l o r i d e  polymer izat ion o f  type B. Time i n -  
t e r v a l  1 - 2 - f i l l i n g  o f  the  reac to r  w i t h  monomer, 
t ime i n t e r v a l  3-4-heating o f  the polymer izat ion 
system. /xxxx/- pressure i n  the  reac to r  

F ig.  3 U l t rason ic  at tenuat ion vs. pressure depen- 
dence dur ing slow degassing a t  the end o f  polyme- 
r i z a t i o n  A. 

I n  comparison w i t h  polymer izat ion A t h e a  ( t  ,C) 

curve ind ica tes  t h a t  t h e  l i b e r a t i o n  o f  gaseous mo- 

nomer begins almost a t  t h e  end o f  t h e  polymeriza- 

t i o n .  For the  d e t a i l e d  discussion o f  t h i s  e f f e c t ,  

f u r t h e r  experimental s tud ies being conducted. 

Although t h e  present r e s u l t s  bear p re l im inary  

character only, they have shown t h a t  the  u l t r a s o -  
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Fig. 4 Comparison of ultrasonic attenuation vs. 
time dependence for polymerization A /0000/ and 
c /. ... /. 

nic measurements can provide many important infor- 
mations about strongly nonlinear fluids such as 
are the vinyl chlorid polymerisation system under 
continuous stirring. It is also believed, that 
the present experimental results will stimulate 
more theoretical work on these problems because 
of their important applications. 
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