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Polarization in poly (vinyl chloride) (PVC) and poly (methyl methacrylate) (PMMA) 
blends films investigated by thermally stimulated depolarization current technique
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Abstract Thermally stimulated depolarization cut rent (TSDC) characteristics in short circuit configuration have been studied in the laboratory
grown PVC and PVC PMMA blends of different wt %  composition ratio as a function of polan/ing field and polarizing temperature Films ot thickness 
100pm were thermally polarized with fields of 25,50,60 and 75 kV/cm at temperatures 50, 70, 90 and llO ’C The TSDC thermograms obtained, exhibit 
a broad hump between 50 -  W C  and well-defined peak between 128 -  The high temperature peak is considered to be associated with interfacial
polarization due to space charge accumulated at the crystalline amorphous boundaries The hump which is observed between 50 9 0 ’C is aitnbuted to
the relaxation ot dipoles connected to the main chain of PVC having a continuous spectrum of activation energy and relaxation.s times The results also 
indicate that PVC dipoles in the polyblend are so entangled that their contribution to the total polarization of the polyblend samples become 
msignil leant
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In the quest o f  d e v e lo p in g  strong and stab le e lec tre ls and find ing  

su itab le su b stitu tes for elec trop h otograp h ic , sem ico n d u cto r  and 
ev en  su p erco n d u ctin g  m ater ia ls [ 1], the ch arge  storage  and  
transport b eh av iou r  o f  a num ber o f  p o ly m er ic  m ateria ls have  
been  stu d ied  by variou s tech n iq u es. A s  a resu lt, a w ea lth  o f  

ex p erim en ta l data is  n o w  a v a ila b le  on  e lec tr ica l b eh av iou r  o f  
m a n y  p u re  a n d  d o p e d  p o ly m e r s .  T h e r m a lly  s t im u la te d  
dep olarization  m easu rem en ts h ave sh o w n  that the charge stored  
in an e lec tret is very  m u ch  se n s it iv e  to  the structure o f  electret  

form in g  m ateria l and e v e n  the e lec tre t state in  a p o ly m er  can be  
produced  not o n ly  by  co n v en tio n a l m eth o d s, but a lso  by m erely  

bringing  about so m e  structural ch a n g es  in the electret form in g  
m aterial [2 ]. A ppropriate m o d e l sy s tem s are, h ow ever , required  

to  u n d erstan d  in c le a r  term s th is  d e p e n d e n c e  o f  m o lecu la r  
r e la x a t io n s /m o tio n s  o n  th e m o le c u la r  and  su p e r m o le c u la r  

stru ctu re  o f  th e  p o ly m e r ic  m a te r ia l. T h e se  f in d in g s  h a v e  
p rom pted  stu d ies on  m u ltico m p o n en t p o ly m ers i,e. p o ly m er  

co m p o sites , co p o ly m ers, p o lym er a llo y s and b lends [3]. P o lym er
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b len d s have h ow ever, attracted m ore attention  due to  p o ss ib ility  

o f  ta iloring en d -p rod u ct to  su it the sp e c if ic  requ irem ents by 
sim p le  m eans. P oly  (m er) b lend  is a m ixture con ta in in g  at least 2 
w t % o f  tw o  or m ore p o ly m ers and /or co p o ly m ers .

T h e present paper reports the resu lts o f  therm ally  stim ulated  

d e p o la r i z a t io n  c u r r e n t  m e a s u r e m e n t s  u n d e r ta k e n  o n  
P V C :P M M A  p o ly b le n d s  w ith  th e  v ie w  to  h a v e  a b e tter  

understanding o f  the ch a rg e  storage and transport behaviour  
and a lso  its d ep en d en ce  on the p o ly m er  structure. P V C  is  a 

linear, polar, .sem icrystalline po lym er w e ll know n for its exce llen t  
in su la tin g  properties. O n the other hand, P M M A  is a branched  

am orphous polar p o ly m er  w ith  e x c e lle n t m ech an ica l properties.

P V C  and P M M A  u sed  in the p resen t in v estig a tio n  w ere  
o b ta in ed  from  M /s  C h em ica l A g e n c y , B o m b a y  (Ind ia). B len d  
film s o f  l(X)p.m th ick n ess w ere prepared by so lu tion  evaporation  
te c h n iq u e  o n  p la n e  g la s s  su b stra tes u s in g  c h e m ic a lly  pure  

dim ethyl form ain ide (D M F ) as a co m m o n  so lven t. B len d  film s o f  
different co m p o sitio n s w ere prepared by taking P V C  and P M M A  

in  100:(X), 9 5 : 0 5 ,9 0 : 1 0  and  8 0 :2 0  w e ig h t % co m p o s itio n  ratio.

© 2 0 0 1  lA C S

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by IACS Institutional Repository

https://core.ac.uk/display/158963273?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


662 P E  Patil, J  M  Keller, R  K  Dubey and  S  C  D att

T h e film s w ere b ilaterally  a lu m in ized  over a central circular area 

o f  36  m m  diam eter. T h e sa m p les  w ere therm ally  p o larized  w ith  

f ie ld s  o f  2 5 ,5 0 ,6 0  and 7 5  k V /cm  at tem peratures 5 0 J O ,9 0  and  

1 10 ’̂C . A fter  p o la r iz in g  for 1 hr at the d esired  tem perature, the  

sa m p le s  w ere  c o o le d  d o w n  to  room  tem perature under the  

ap p lica tion  o f  fie ld . Total tim e o f  po larization  w a s adjusted  to 2  

hour in ea ch  ca se . T he T S D C 's  o f  the e lec trets thus form ed w ere  

obta ined  by reh eatin g  the sa m p les  at a linear rate o f  2 k /m in  and  

the current w as m on itored  by a K eith ley  6 1 0  C  electrom eter.

T y p ic a l  T S D C  t h e r m o g r a m s  fo r  p u r e  P V C  a n d  

P V C :P M M A :9 0 :10 b len d s polarized  w ith  a fie ld  o f  5 0  k V /cm  at 

different tem peratures 5 0 ,7 0 ,9 0  and I lÔ ’C are sh ow n  in F igures
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Figure 2. TSDC thermograms for PVC • PMMA 90 10 specimen 
polarized wilh the field of M) kv/cm al different temperatures
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Figure 1. TSDC thermograms for pure PVC specimen polarized wilh the 
field of 50 kv/cm at different temperatures.

I a n d  2 . F ig u r e s  3 a n d  4  d e p ic t  fo r  p u r e  P V C  a n d  

P V C :P M M A :8 0 :2 0  sa m p les  p o la r ized  w ith  variou s f ie ld s  at 

tem perature 9(y^C. It is clear from  these therm ogram s that a w e ll-  

d efin ed  peak  is o b serv ed  b e tw een  128 to  148^^C both  in the c a se  

o f  pure P V C  as w e ll as P V C .P M M A  blends. S o m etim es , a hum p  

is  a lso  ob serv ed  b etw een  7 0  to 90*^C. Further, the in itia l v a lu e  o f  

current is h igh  in the c a se  o f  pure P V C  in d ica tin g  the e x is te n c e  

o f  a p eak  at tem perature 30^C. T h e activa tion  en erg y  a sso c ia ted  

w ith  the peak  o b serv ed  at h ig h  tem perature h as b een  ca lcu la ted  
by initial rise m eth od  o f  G arlick  and G ib son  14] and w a s fou n d  to  

be le s s  than 1.0  e V  a lw a y s. T he total charge d e lim ited  under the  

h ig h  tem perature p eak  w a s  d eterm in ed  by ca lcu la tin g  the tim e  

integral I(t) dt o v er  the d ep o la r iza tio n  current u sin g  T rap ezoid al 
rule. T he re lea sed  ch a rg e  for  pure P V C  has b een  p lo tted  as a 

fu n ction  o f  p o la r iz in g  f ie ld  and  sh o w n  in F ig u re  5 , A  n on lin ear

TEMPERATURE (■=€)

F igure 3. Short circuit TSD thermograms for PVC:PMMA::95:05
specimen charged at 90"C with fields 25, 50, 60 and 75 kv/cm.
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field d ep en d en ce  is c lear ly  ev id en t. S im ilar  behaviour w as found  
in various P V C  : P M M A  b len d s.

115
110

PVC: PMMA (80:20) 
Tp * 90«C 
o s; 25 Kv/cm 
© * 50 Kv/cm

TEMPERATURE ('̂ C)

FiRure 4. Short circmi ISD thermograms loi PVC PMMA 80 20 
spetnricn charged at OÔ C with fields 25, 50, 60 and 75 kv/cm.

In polym eric  m aterials, va n o u s types o f  m olecu lar relaxations 
are p o ss ib le . T he on ly  m o tio n s  p o ss ib le  at lo w  tem peratures arc 
local m o tio n s  o f  m o lecu la r  grou p s, e.g., rotation  o f  sid e  groups

Figure 5. Charge released as a function of polanzang field

or internal m o tio n  w ith in  s id e  g ro u p s. A t h igh  tem peratures, 
seg m en ts o f  m ain  ch a in  b e c o m e  m o b ile . T h e m ain  ch ain  then  
b eco m es f le x ib le  s o  that th e p o ly m e r  so fte n s  and b e c o m e s

rubbery . T h e  tem p era tu re  at w h ic h  th e s e  c o n fo r m a tio n a l  
rearrangem ent o f  the m ain  chain  seg m en ts  set in, is ca lled  ghess- 
rubber tran sition  tem p eratu re. In sc n iic r y s ta llin c  p o ly m ers , 
relaxation s in v o lv in g  the cry sta llin e  p a n s or the internal pha.se 
are a lso  p o ss ib le .

P o ly  v in yl ch lor id e  is largely  an am orphous p o ly m er  It is 

charactcri.sed by three re la x a tio n s d esig n a ted  as p -rclaxation  
occurring at lo w  tem perature, a -r c la x a lio n  around the g la ss-  
rubber transition tem perature, 7'̂  and Q j-relaxation  occurring at 
tem p era tu res  w e ll  a b o v e  [5 , 6|. P M M A  is a b ran ch ed  
.am orp h ou s th erm o p la stic  w ith  ester  g rou p  (C O O C H ,)  and  
m eth y l group (CH^) as its tw o  sid e  groups '̂ The m eth yl group  

'(CH^) m ay be located  on the sa m e sid e  o f  the p o ly m er chain  
'alternate, rcg u la ily  or a lternate at random . S o  that the p olym er  
iex ists in three d ifferen t fo rm s-iso ia c tic , syndioiactic^and atactic. 
'The properties o f  P M M A  arc stron g ly  polar due to the p resen ce  
o f  ester group (C O O C H ^). T he h indered  loca l m otion  o f  these  
grou p s b e lo w  the g lass-ru b b er  transition  tem perature g iv e s  rise  
to  p -relaxation  peak [7]. T h e co o p era tiv e  m o tio n  o f  th ese  esicr  
group  w ith  the m ain  ch ain , m a n ifest ilsc ll at and near the g la ss  
rubber transition tem perature in the form  o f  a -p ea k  18|. T he tw o  
d ip o le  peaks arc broad and iirisc from  a d istribution  m relaxation  
lim es. A b o v e  the a -p e a k , a third peak  has a lso  been reported  
due to the m otion  o f  sp a ce  ch a rg es.

T h e hum p o b serv ed  b etw een  6 0  to 90^C in the present ca se , 
m ay be id en tified  w ith  the a -r c la x a lio n  o b serv ed  near 7’̂  in case  

o f  P V C  [ 9 - 151. From  the p rcsen i in v estig a tio n , it is not p o ss ib le  
to draw any c lear co n c lu s io n  about the variation  o f  the p o sitio n  

o f  the hum p w ith  the po lariz in g  tem perature and p olarizing field . 
N o n e  the le s s , s in c e  its lo ca tio n  is around the orig in  o f  the 

hum p can be a sso c ia ted  w ith  the co o p era tiv e  m o tio n  o f  the 
p o la r  s id e  g ro u p  a lo n g  w ith  the m a in  ch a in  o l P V C . T he  

broadness o f  the hum p can be understood  in term s o f  d istributed  
relaxation , very co m m o n  in am orp h ou s p o ly m ers like  P V C  and 

P M M A . T h e hum p is  a lso  o b serv ed  to  broaden tow ards the low  
tem perature w'ith the in crea sin g  co n ten t o f  P M M A  in the ca se  

o f  P V C  : P M M A  b len d s. T h is  can be u nderstood  in tcrnis o f  the 
p la stic iza tio n  c f lc c l  brought about by b len d in g . P lastic iza tion  

is k now n to in crease the m o lecu la r  m ob ility , free v o lu m e, the 
intennolecu lar interaction and low er the T . T he relaxation m otionf!
o f  ev en  the lo w  tem perature p o la r iza tio n s or d ip o le s  and their  
a c tiv a tio n  is th ere fo re , e x p e c te d  to be p o s s ib le  w ith  m ore  

av a ila b le  free v o lu m e or sm a ller  p ack in g  d en sity  ev en  at lo w  
tem p era tu res |1 6 ] .  It can  th e r e fo r e , b e  c o n c lu d e d  that the  

m ech a n ism  resp o n s ib le  for the hum p is  characterized  not o n ly  
by d iscre te  lev e l o f  a c tiv a tio n  en erg y  h a v in g  a s in g le  relaxation  

tim e, but it can b e  a c o m p le x  p r o c e ss  h a v in g  a co n tin u o u s  
spectrum  o f  a c tiv a tio n  en erg y  and re laxation  tim e. C o n sid erin g  

the e x is te n c e  o f  a broad s in ^ c  hum p, it can  a lso  b e  co n c lu d ed  
that P V C :P M M A  Jbrm  a co m p a tib le  blQjlid in the stud ied  range  

o f  co m p o s itio n  j '

From the aboye thermograms, k  is also evident that the 
current islili^ lly lidgh tie case ^f p^r^PVC and PVC:PMMa
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95:05 blends. However, in the case of PVC.PMMA 90:10 and 
80:20 blends, the initial value of current is low. Further, the hump 
observed between 60 to 90“C is also absent (except in few cases). 
It can be safely concluded that there exists a peak at temperature 
lower than 30“C in the case of pure PVC and PVC:PMMA 95:05 
blend and this peak is absent in other blends. As said earlier, 
PVC is known to exhibit a ^-relaxation associated with the 
rotation of chlorine side group at temperatures below the glass 
rubber transition temperature [5,6]. The measurement in the 
present investigation, has been carried out at temperature above 
30“C (t.e., above room temperature). The peak located below 
30“C, therefore, could not be observed in the present 
investigation. Comment can however be made about the lower 
value of initial current in the case of PVC:PMMA 90:10 and 
80:20 blends. It appears that because of increased intermolecular 
interaction on blendings, dipoles are entangled in such a way 
that the contribution of orientation of dipoles towards the 
polarization of the sample in the presence of an applied field 
becomes negligible, 'fhis may also be the cause for the elimination 
in the blend samples o f the hump observed near Tg in pure PVC 
and PVC:PMMA 95:05 blends.

A well-defined peak is observed between 128 to 148°C in the 
present investigation in the case of pure PVC as well as various 
PVC:PMMA blends. 'Phe peak temperature as well as total charge 
delimited under this peak, have been found to exhibit a nonlinear 
field dependence. In view of the'abovc characteristics, the peak 
can be identified as space charge peak. It can be observed from 
the various thermograms that the peak current increases with 
the polarizing temperature but decreases for higher temperatures 
of polarizations. It seems that during poling, charge carriers are 
getting trapped at the crystalline amorphous phase boundaries 
present in pure PVC and PVC:PMMA blends and peak in 
thermograms is due to release of such trapped charge carriers. It 
has been reported that at temperatures from 130 to 148°C, melting 
of PVC crystallites takes place. The lower value of the peak 
current for samples polarized at high temperatures may be 
attributed to this melting of PVC crystallites due to syndiotactic 
form which would be generally present in PVC (17,18]. Melting 
of crystallites entails the loss of trapping sites for space charge 
accumulation as a consequence of which the depolarization 
current is decreased.

The nature of the field dependence of the charge release 
may be explained in the following manner.

The internal field created by the trapped space charge 
decreases the external applied field. The effect of the internal 
field would be to decrease the apparent charge carrier mobility.

T he s to red  charge  is ex p ec ted  to ex h ib it a saturation  
characteristic as shown in Figure 5 by pure PVC. However, the 
internal field due to trapped space charge becomes nearlv 
constant at higher polarizing field. The effect o f internal field 
may then decrease relative to the applied external field so th,ii 
the apparent mobility of charge carriers again increases. The 

stored charge therefore, tends to increase at higher polarizinj.. 
field. It is also evident that the magnitude of peak current 
increases with the content o f PMMA in the PVC:PMM A blends 

Both PVC and PM M A are am orphous polymers but have 
markedly different electrical conductivities and dielcctm  
properties. The increase of PMMA content in the PVC:PMMA 
blends can be expected to increase the net crystalline am orphous 

interfacial area where the charges are trapped during polarization 
process. The release of such a large number of charge carricis 
during the depolarization will therefore, result in a higher value 

of current in the case of PVC:PMM A blends.
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