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Thermal analysis of the PEO/PMMA system show for the blends with higher 
molecular weight PMMA two glass transition temperatures in the 75-80 
w/w% PMMA range. Thermal treatment is accompanied by a shift of this 
composition range of two Tg to lower PMMA contents. On the other hand 
observed melting point depression in the 0-60 w/w% PMMA range indicate 
compatibil i ty of the blend components. Small negative interaction parameters 
approaching zero with increasing PMMA content of the blend, support 
the possible incompatibil i ty in the observed composition range of two Tg. 

Starting with the paper of Cortazar et al.[1], in the last decade were published 

a series of contributions concerning the compatibil i ty of poly(ethylene oxide) - 

PEO- and poly(methyl methacrylate) -PMMA. Based on melting point depression 

measurement the authors concluded on the miscibil i ty of the polymer pair in the 

molten state. But the glass transition temperature (Tg) change of only 15 ~ in the 

composition range of 0-40 w/w% PMMA was very small compared with the difference 

of about 170 ~ between the Tg of the blend components [2]. 

The miscibil i ty in the molten state of PEO and PMMA is confirmed by Martuscelli 

and al. by melting point depression [3],13C n.m.r. [4] and wide angle X-ray scattering 

[5]. The authors showed that the Tg of the blends obey the Fox equation in both 

the composition ranges of 0-40 wlw% PMMA (Tg increase of about 45 ~ ) and 70- 

100 wlw% PMMA [3]. Similar Tg data were reported by Min et al. [7] (composition 

range 75-100 wlw% PMMA) and Liberman et al. [8] (80-100 wlw% PMMA). Li and 

Hsu [9] observed also a single Tg for the 0-25 and 50-100 wlw% PMMA composition 

ranges. The miscibil i ty is proved by I R measurements, but melting point depression 

was not observed by these authors. 

Using small-angle neutron scattering, Ito et al. [10] found a concentration depen- 

dence of the Flory-Huggins interaction parameter, ~AB. The parameter is slight 

negative for low PMMA content and approaches zero for a PMMA monomer fraction 

of the blend of 0.75. 

Taking into account these contradictory data concerning the compatibil i ty of 

PEOIPMMA blends, in the present study are analysed the influences of molecular 

weight, solvent and blend preparation and thermal treatment on the Tg of the blends. 

John Wiley & Sons, Limited, Chichester 
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Exper imental  

Mater ia ls 

PEO samples (Aldr ich) were pur i f ied by repeated prec ip i ta t ion f rom chloroform 
solution, f i rs t  w i th  d ie thy le ther  and then tw ice  wi th  hexane. The samples were 
dr ied for  5 days in vacuum at 130~ The PMMA samples were sythesized by group- 
t ransfer  po lymer izat ion in THF at room temperature  [11] in the presence of t r i s -  
(d iethy lamino)-sul fonium-bi f lour ide as cata lysator  and 1-methoxy-1( t r imethy l -  
s i loxy)-2-methyl-propene as in i t ia tor .  The polymers were pur i f ied by mul t ip le  prec ip i -  
ta t ion of  the THE solution wi th  methanol and then dr ied for  one week in vacuum 
at room temperature.  The main character is t ics of  the polymers used for  blend 
preparat ion are shown in Table I .  

Table I Polymers used for Blend Preparation 

Polymer M n Mw/Mna) Tg (~ T m (~ 

PEO 

PMMA 

I,OO<  1o3 716 
8,OOOC], 1.O8 - 62.6 67.0 

IOO,OOO e) - - 62.2 66.0 

1,7ooC! 1.O9 48.0 
16,OO0 c) 1.O9 114.O 

a)by GPC; b)by DSC; C)by vapour pressure osmosis and 
e)by membrane osmosis, M w by light scattering, Mw=110,OOO 

Polymer Blends 

The fo l lowing series of  blends were prepared by casting f rom C HCI 3 solution: 
I - PEO 100,000/PMMA 16,000; II - PEO 8,0001PMMA 16,000; III - PEO 1,0001PMMA 
16,000; IV - PEO 100,0001PMMA 1,700 and V - PEO 8,0001PMMA 1,700, (Numerals 
indicate the M n of  the polymers.) 

The used composit ion rat io  PEO:PMMA (wlw%) were of: 10:90, 25:75, 40:60, 
50:50, 60:40, 75:25 and 10:90. For series I were analysed supplementary the blends 
of 15:85, 20:80, 80:20, 85:15 and 95:15. 

To study the influence of the solvent and blend preparat ion, blends of series I 
were also obtained by f reeze drying f rom benzene solution. 

Al l  blends were dr ied for  3 weeks in vacuum at 80~ 

Thermal Analysis 

The thermal  behaviour of  the blends was studied using PERKIN-ELMER DSC 
7. For the Tg measurements were invest igated samples of  10-15 mg in the tempera-  
ture range between -110 o and 140~ using cool ing and heating rates of 30~ 
respect ively.  Some of the samples were quenched d i rec t l y  in l iquid nitrogen to 
improve the Tg measurements. The Tg data were measured in the second heating 
cycle by the in f lect ion point of the DSC traces. For blends of series I were used 
d i f fe rent  heating rates and the Tg have been ext rapola ted for  zero heating rate,  

The depression of the mel t ing  temperature,  T m, was studied using the blends 
of series I only. The samples were f i rs t  annealed for  5 rain at 90~ to assure mel t ing 
of  all crysta l l i tes,  then they were quenched to the desired temperature of crys ta l l i -  
zation, T c, and maintained for  15 rain for  complete crysta l l isat ion.  T m represents 
the peak maximum of the DSC t r  ces obtained using a heating rate of  15~ 
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Results and Discussion 

Glass Transition 

Typical thermograms are shown in Fig. I.  Glass transit ion and melt ing temperatures 

were recorded using d i f ferent  sensibil it ies (rat io of 8:1). The thermograms are 

jointed together at 0~ 

Blends with PMMA 16,000 show two Tg for the 75-80 wlw% PMMA content. Blends 

with PMMA 1,700 show for the same composition an enlarged glass transit ion of 

about I00oc.  Because of this excessive spreading an exact determinat ion of Tg 

was not possible mainly for  some of the blends of series V. 

The composition dependence of the glass transit ion is i l lustrated in Fig. 2. Are 

included l i terature data (open signs). Blends shewing two Tg are marked by arrows 

and brackets. The dashed line represents the Fox equation [12] for the Tg vs, compo- 

sition dependence of compatible polymer blends. 

Except of the data published by Li and Hsu [9] (open horizontal squares) the obser- 

ved single Tg in the range of lower PMMA content are nearly composition indepen- 

dent, suggesting on the existence of similar amorphous phases, Tg temperatures 

predicted by the Fox equation, however, should be situated in the range of the 

observed depressed melt ing temperatures. As it was not possible to suppress crystal i -  

zation even by direct quenching in l iquid nitrogen, it is not possible to ver i fy  i f  

a secondTg is hiden by the T m peak and thus to decide on the compat ib i l i ty  of the 

blend components in that composition range. 

A second series of Tg measurements was carried out using both the solution casted 

and freeze dried blends of series I. Annealing for d i f ferent  t imes at 150~ was 

performed to study the influence of thermal t reatment,  The data are presented 

in Table 2. Are included the corresponding melt ing temperatures. It is remarkable 

that mainly for longer anealing times a shift of the range of two Tg to lower PMMA 

contents is observed (Fig. 3). T m is less af fected by this thermal t reatment.  

Melt ing behaviour 

According to Nishi and Wang [13] the melt ing point depression is characterist ic 

for miscible blends and can be used for evaluation of the F[ory-Huggins interaction 

parameter, ~ 12" Assuming the l inear relationship between the melt ing temperature, 

T m, of the crystal l ine phase (subscript 2) and the temperature of crystal l isation, 

T c, of the semicrystal l ine/amorphous polymer system 

T m O - T m  = ~ (Tm o - T c  ) ( I )  
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which supposes a constant s tabi l i ty  parameter, },, the equi l ibr ium mel t ing tempera- 

ture, TmO, can be evaluated by extrapolat ion of the T m vs. T c data for  Tm=T c. 

Knowing TmO, the in teract ion-parameter ,  X 12, can by computed by using the 

expression: 

[(Tm)-1-(Tm ~ ] = - [(RV2u )/(L~ H2uVI u)] X 12 ( I -  @ 2 )2 ( 2 ) 

Neglect ing the ef fects of  entropy, X 12 can be related to the respective interact ion 

energy density, B, of the polymer pair: 

X 12 = BVIu lRT (3) 

Substitution in equ. (2) gives f inal ly :  

2 
[ I - (Tm/TmO}] = - [(BV2u)I( 8H2u)] ~ I ( 4 ) 

The expression can be used for the evaluat ion of B using l i terature data for  8 H2u , 

the enthalpy of fusion per mole repating unit, V2u, the molar volume of  the repeating 

unit and the densities of the components [ 13,1#], The la t ter  are necessary for calcula- 

t ion of the volume fractions, @, start ing with the weight fract ions of the crystal l ine 

and amorphous components. 

In Fig. #a are presented the T m vs. T c data according to equ. (I). Are shown 

data of both solution casted (full signs) and freeze dried blends (open signs). The 

observed change of  the slope of the T m vs. T c data indicate a change of the stabi l i ty  

parameter in the composit ion range 75-100 w/w% PEO. This change suggests that 

mel t ing point depression is governed not only by thermodynamic factors, but also 

by the kinet ic dependant morphology of the blends. The blends in the composition 

range #0-75 wlw% PEO show straigh lines nearly paral lel  wi th the f la te r  straight 

lines in the 75-80 wlw% PEO range. 

Correspondingly two mean values of  the stabi l i ty  factor  and of the interact ion 

parameter (Fig. 4b) are obtained. The values are compared with l i terature data 

in Table 3. 

It is interesting to note that by T m depression are obtained similar values of 

the interact ion parameters for  similar composition ranges of  the blend. These values 

are, however, larger negative than the data raported by other methods of investiga- 

t ion. 

Conclusion 

The misc ib i l i ty  of  PEO/PMMA blends could not be confirmed for the whole range 

of composition by the thermal analysis data obtained in the conditions used in this 

work. Tg measurements show for blends with the higher molecular weight PMMA 
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Table 3. Interaction Parameters of the PEO/PMMA Blends 

Authors Molecular Weights B Xi 2 
PEO/PMMA cal/cm 3 

This work I00,OOO/ 16,O00 

Cortazar /i/ 
Martuscelli /3/ 
Martuscelli /6/ 
Liberman /8/ 

Min /7/ 

Ito /iO/ 

4,OOO,OOO/ 93,600 
20,OOO/116,0OO 

1OO,OOO/110,OOO 
various/6OO,OO0 

7OO,OOO/120,OO0 

145,OO0/129,O00 

Composition 
w/w % PEO 

75-95~ ) 
40-95 ) 

60-90 
80-95 
60-90 
40-90 

70 
25 

-12.42 c) 
_ 1.25 c) 

- !.o7C! 
-15.6 c) 
_ 2.85 c) 
_ 1.22 c) 

- o .94d! 

-1.76 
-O.177 

-0.139 
-1.93 
-O.35 
-O.157 

-3 e) 
-5x10-3 e) 
-ixlO 

a)~m measured for blends with 75-95 w/w% PEO obtained at higher T e 
b) for blends with 75-95 w/w% PEO obtained at lower T c and all other 

m 
blends in the 40-75 w/w% PEO range 

C)by Tm-depression , d) calorimetric and e)by neutron scattering 
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two Tg for the composition range 75-80 w/w% PMMA. By annealing the composition 

range of two Tg is shifted to lower PMMA contents of the blends. For all blends 

in the composition range up to 60 w/w% PMMA is observed a single almost invariable 

Tg indifferent of the blend composition, suggesting a nearly constant composition 

of the amorphous phase. 

On the other hand, the melting point depression in the 0-60 w/.w% PMMA range 

indicate the compatibi l i ty of the blend component, but the small negative values 

of the interaction parameters, approaching zeor for the higher PMMA content 

confirm the restricted compatibi l i ty of the PEO/PMMA pair. 
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Zusammenfassung - Die Thermoanalyse des Systemes 

PEO/P~A ergab f~r Gemische mit P~A hGheren ~olek~l- 

gewichtes zwei Glasumwandlungspunkte /Tg/ im Bereich 

75-80 m/m% P~E~A. Eine Warmebehandlung ist vom Verschie- 

ben dieses Bereiches mit den zwei Tg in Richtung nied- 

rigerem P~IA-Gehalt begleitet. Wei~erhin zeigt die 

Schmelzpunktserniedrigung im Bereich 0-60 m/m% P~A 

die Kompatibilit~t der Gemischkomponenten. Kleine nega- 

tive, mit steigendem P~A'Gehalt des Gemisches gegen 

Null haltende Wechselwirkungsparameter unterstreichen 

die M~glichkeit einer Inkompatibilit~t im beobachteten 

Bereich der zwei Tg. 

Pe3m~e - Tepv~ecKHH aHa~H8 c~cTe~ HOXH~TH~eHOKCH~ -- no~xKe- 

TH~MeTaKp~aT /D~MA/ noKasax, qTO c~ecH, co~ep~a~He I~ Go- 

xee BHCOKOFO Mo~eKya~IpHOrO ~eca, o6xa~amT ~B~ TeMnepaTypa- 

cTe~ooGpasoBaH~ npH coAepzaHH~ ~ paBHH~ 75-80 sec.%. 

Tep~ecxa~ oGpaGoTEa ~TO~ cuecK conposoz~aeTc~ CA~HroM ~Byx 

Tg B 00~aOT5 C Go~ee HH3KHM co~ep~aH~eM~. C ~pyro~ 0T0pO-- 

H~ H85~aeMa~ T0qKa H~aB~eHH~ HOHH~aeTcH B CMeC~ZX C co~epma- 

HRe~ ~ 0--60 Bec.%~ qT0 yE83~BaeT H8 COBMeCTH~0CT5 KOMU0-- 

HeHTOB ~MeCH. Max~e OTpH~aTe~SH~e napaMeTp~ BSaH~0Ae~CTBH~ 

npH6~H~aDTCE K Hy~ C yBe~HqeHHeH C0~ep~aH~H II~A m CMeCH, 

qT0 OBH~eTe~SCTByeT 0 BO3MOEH0~ HeOOBMeCTHMOCTH B Ha6Jno~aeHo~ 

O~aCTH 00CTaBa. 


