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Summary 

Alfhough poly (vinyl-chloride)  - PVC - and poly (vinyl-alcohol) - PVA - 
mix tures  are  used in pract ice for coatings,  conta iners ,  f ibers ,  few studies 
are  encounterd concerning their  compatibi l i ty {7, 8) .  
This  paper es tab l i shes  both the optimum compatibi l i ty rat io and the the rmal  
behaviour of the mix tures .  
The compatibil i ty study in solid state was rea l i sed  using the methodes: 
optical microscopy,  the rmograv imet ry ,  DSC, inverse  gaschromatography 
and IR spectroscopy.  

EXPERIMENTAL 

Mater ia l s ,  PVC was obtained by suspension polymerizat ion.  The molecular  
weight is M = 57.OOOo 

w 
PVC was purified by extract ion with pet ro leum ether ,  for eight hours in 
a Soxhlet appara tus .  

PVA was obtained by the bas ic  hydrolysis  of poly (vinyl acetat).  
T~o PVA samples  were used.  The PVA 1 - (the f i r s t  sample) has a poly-  
mer iza t ion  degree of 16oo, the PVA 2 - (the second sample) of 5oo. Both 
samples  have the same hydrolysis  degree 98%. 
Mixture f i lms,  with mixture rat io of l o / 9 o ;  30 /70 ;  50 /50;  70/30;  80 /20  
were obtained by polymer  solubi l isat ion in dimethyl  sulfoxide (DMSO) - 
common solvent.  
A lo% polymer  mixture  solution was deposed in thin l aye r s  on glass  l amel la .  

O O . . 

The solvent was evaporated at 6o -7o Co The so obtained f i lms were 
extracted with methanol  to e l iminate  las t  solvent f raees .  

Investigation methodes,  The compatibi l i ty  study in solid state was rea l i sed  
with the foi l .wing methodes: optical microscopy t the rmograv imet ry ,  DSC, 
inverse  gaschromatography and IR spectroscopy.  
The microscopic  examinat ion of the f i lms was executed using an IOR MC-1 
microscop,  in phase eontras% magnificat ion 4o0. 
Recording condit ions for TG curves  were:  MOM Budapest der ivatograph,  
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heating rate  l o ~  polymer sample weight for decomposition was 
of 2o mgo 
The polymer  mix tures  were obtained by precipi tat ion from common 
solution with a mixture  of 4o?0 methanol,  4o?0 acethone and 20?0 ethanol . 
F rom TG curves  the t empera tu res  for different weight losses  were 
de terminated .  
Activation energy of the f i rs t  thermal  decomposition (2oo-37o~ steps 
was calculated using the F reeman  - Car ro l l  (3) method. 
The exper imenta l  e r r o r s  were appreciated with the leas t  squares  method. 
DSC curves  were recorded with a Perk in  - E l m e r  DSC2 using a heating 
rate of 32~ / rain and polymer  weight of 20 mgo F r o m  these curves ,  were 
evaluated the glass  t rans i t ion  t empera tu res  (Tg) and those of the decompo- 
s i t ion.  
T values  were compared with those obtained by inverse  gaschromatography,  
a~cording to Gui l le t , s  method, (5)o 
Chromatographic  columns were prepared in the following way: pure po lymers  
and polymer  mix tures  in DMSO solution were deposed on the W Chromosorb 
by continuously agitat ion.  
After  solvent evaporat ion and vacuum drying,  a chromatographic column 
with 1, 52 m in lenght and 4 mm in the in te r ior  d iameter  was filled, 
The chromatographic columns were activated by heating in an iner t  gas 
(Argon) s t r eam.  
Toluen was used as "molecu la r  probe"~ 
The var ia t ion of the toluen retent ion t ime,  log t R ~ versus  reciprocal  
t empera tu re  was recorded.  
The glass  t rans i t ion  temperature~ Tg 9 was determined by the inflexion 
point of these curves~ 
Fo r  pure po lymers  T data were compared with l i t e ra ture  values.  

- 7  o _ 4 ~ The concordance wasgsatisfactory: Tg, PVC - 8 C~ Tg, PVA - 60, C (1) 

Ill spectra  were recorded with the l~erk in-Elmer  spect rometer  625 on 
f i lms of aproximative constalnt thickness of o s o21mm. For  optical density 
compar ison  of the 332o cm (O-H) and 61o cm (C-C1) bands,  inter~al  
standard.slbands in polymer mix tures  were ~tsed. These are 295o cm and 

1 .1 
2895 c m -  bands and 630 cm-  and 69o era- bands respect ively .  

R_E_S_U b_T_S AN.D_ D I~USS_IO.N_ S 

Microscopic aspect  of pure and mixture polymers  f i lms are presented 
in Fig.  1. 
It may eas i ly  be noted that for mean mixture ra t ios  the phase separation 
is  c lea r .  The extreme mixtures  look like an advanced dispers ion.  
The thermodynamic  incompatibi l i ty is  evident.  
Consequently,  the t ime coexistence in re la t ively homogenous mixtures  
should be conditioned only by the l imi t  phase in terac t ions .  
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F i g .  1. Microscopic aspects  of PVC. PVA, and their  mix tu res  
in different ra t ios ,  Magnification 4oo 

The existence of these in terac t ions  is emphasized by the thermal  
cha r ac t e r i s t i c s  modificat ions,  as presented in Tab. 1. 
It may be remarked  that mix tures  with 7o% - 2o% PVA and 3o70 - 80% 
PVC show two thermal  decomposit ion p rocesses  in the same tempera ture  
range.  The t empera tu res  corresponding to the maximum reac t ion  rate  
a re  different  from those of the pure components  or from those ca lcu-  
lated by additivtty rule .  The exper imenta l  weight l o s se s  a re  sma l l e r  in 
all  cases .  The diminution may be caused by some c ros s - l i nk lng  
reac t ions  along with the dehydroclor inat lon of PVC or the dehydrat ion 
and degradation of PVA. 
Genera l ly ,  the mix tures  show mult iple glass  t rans i t ion  t e m p e r a t u r e s  
sma l l e r  than T of pure components .  

g 
By inverse  gaschromatography,  which is  more  sensible  than the other 
methods o a supl imentary  glass  t rans i t ion  t empera tu re  T , observed at 
sma l l e r  t e m p e r a t u r e ,  g 
This may be caused by the chain segment  movements  in the Interphasie  
range where the mobil i ty is  higher.  (4) 
The compatibi l i ty  d iagram including the two coordinates:  act ivat ion 
energy - for the f i r s t  t he rmal  decomposit ion step - and composi t ion 
(Fig.2)o evidences the fact that the components p resen t  a pseudocompa-  
t ib i l i ty  caused by the functional groups interactions for 9o% - 6o70 PVAp 
and lo70 - 40% PVC. The pseudoeompattbi l i ty range for a PVA with a 
sma l l e r  molecular  weight extends up to 40% PVA 2 - 6o70 PVC. 
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F i g . 2 .  Compatibi l i ty  diagram for PVC/PVA sys tem.  

Funct ional  groups in te rac t ions  were evidence by IR spectroscopy for 
the mixture  ra t ios  mentioned above~ 
The optical densi t ies  have more  different vaIues than those evaluated 
if the independent behaviour  hypothesis of the components  would be 
observed.  

C ONC LU SION S 

1. F rom a thermodynamic  point of view PVC/PVA mixtures  a re  
incompat ible .  

2. In 90% - 50% PVA - lo% - 5o% PVC composit ion range a pseudo- 
compatibi l i ty  caused by functional groups in terac t ions  appears  t conferr ing  
the mixture  some improved proper t i es .  Among these proper t ies  we 
mention: the increas ing  thermal  stabil i ty along with the lowering of 
the glass  t rans i t ion  t empera tu re s .  
This  fact indicates  a possibi l i ty  for an ea s i e r  p rocess ing .  

3. At high t empera tu re s ,  the components  in terac t  forming c r o s s -  
l inking s t ruc tu re s .  
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