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Polymethylmethacrylate (PMM A) was solution blended with medium and low molecular weight po lyisobutylene rubber 
samples (PIB,. and PIB ,) in toluene. The compat ibility of the blends was assessed from density and viscometric methods at 2 per 
cent total solid content of solution. The experimental densit ies were observed to be lower than the theoretical values assuming 
additi vity of volumes of the polymers and the solvent for both PIB sampl es. The plots of relative viscosities against composit ion 
were found to be non-linear. The ex perimental values fo r reduced viscositi es were found to be lower than calcul ated values usi ng 
Kri gbaum- Wall equation for all blend solut ions. A visual study of the bl end films showed marked phase separ:tti on and impaired 
clarity. The tensil e mechanical test on the blend films showed a higher yield stress and a larger area under the stress-strain curve 
compared to the pure PMM A, suggesting that blending with the PIB ru bber toughened PMMA. The density and viscometric 
methods have again been proved to be an easy and reli able method for assessing polymer-polymer compatibi lity. 

Introduction 

The application of po lymethylmethacrylate (PMMA) 
is principally concerned with its high transparency and 
good weathering res istance. Its princ ipal limitation is its 
brittleness, which makes it crack eas ily when little stress 
is applied on it. Impact strength of brittle pia ti cs has 
been improved by graftin g with elastomers, modified 
with block copolyme rs o r by bl e ndin g with 
e lastomers 1.2. 

Blending of polymers is an easy method to obtain a 
wide spectrum of applications because of the change of 
ph ys ico-c hemi ca l prope rti es by va ry in g the bl e nd 
composition3. It has been used commerc ia ll y to improve 
f lex ibility , te ns il e a nd impac t s tre ng th , c he mi ca l 
res istance and various other properties of po lymers4

. 

Blending imparts des ired needs on the base po lymer and 
synerg istic effects have been reported in which one or 
more properti es of the blend dominate th ose of any 
polymer in the blend-'. Plas tic-e lastomer blend are often 
heterogeneous in nature but when there is good adhesion 
be tween th e pl as ti c a nd th e e las tomer, the e ne rgy 
propagates a crack when a stress is applied , which does 
not cause frac ture but is absorbed by the e lastomer 
particles 1• BucknaW' has also postul ated that the di spersed 
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rubper partic les lower crack formation when stress is 
applied by causing the applied stress to spread in different 
direc ti ons. Thi s la tter e xpl anati on, whic h describes 
toughening of plastics , is known as stress di stribution 
and re lief mechani sm()· 7 . 

Blending of PMMA and PIB po lymer were used to 
assess the suitability and PIB serve as impact modifiers 
for PMMA. The compatibili ty ofPMMA with PIB rubber 
was a lso assessed in so lutio n, us in g den s it y and 
vi scometr ic me thod s, whi c h requ ire in e xpe ns ive 
equipment and yet a ll ow the blends to be class ified as 
compatible or incompatibl ex· 9 • The study reports the 
e ffect of po ly isobuty le ne rubbe r concentrati on and 
molecular weight on density and re lat ive and intrin sic 
viscosities of PMMA/PIB blend solu tions in toluene, as 
well as the morphology and tensile mechanical properties 
of some of the blend films. 

Experimental Procedure 

_The polymethylmethacrylate (PMMA, Mv = 3.7 x I 0' ), 
the po lyisobutylene samples (PIB , Mv = 1.35 x 1 0(' , 

PIB
1 

= 9.88 x 105
) and toluene (used as so lvent) are a ll 

reagent grade c hemi cals obtained from BDH, E ng land. 
The po ly me r sa mpl es we re used w ith out fu rth er 
purifi cation but the to luene (refracti ve index = 1.49) was 
re-di still ed before use. 
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Table I -Experimental and ca lcul ated densit ies for PMM A/PIB blend solut ions in toluene 

Blended compos it ion Ca lcul ated 

PMM A/PIB density (g cm-·1) 

100:0 0.8520 

90:1 0 0.8497 

80:20 0.8493 

70:30 0.8489 

60:40 0.8485 

50:50 0.848 1 

40:60 CU\477 

30:70 0.8473 

20:80 0.8469 

10:90 0.8465 

0:100 0.8460 

A two-per cent stock so luti on was prepared for each 

of the po lymer samples and appropri ate vo lumes of the 
solutions were transferred into standard vo lumetric fl asks 
to prepare PMMNPIB blend of va ry ing composi ti ons 

from 100:0 to 0: 100, a ll with a tota l so lid content o f 2 
pe r cent. T he de ns iti es of a ll bl e nd so luti ons we re 

measured using a standard spec ific grav ity bottle at 25 
± I "C. The vi scos ity measurements were carried out in a 

th e rm osta ted wate r ba th a t 30 ± I "C. Th e re lati ve 

viscositi es were measured using an Oswald viscomete r, 
while the reduced viscos ity numbers were measured with 

a Ubbelohde diluti on viscomete r. 

Film Casting and Mechanical Test 

20 cm3 of the polymer soluti ons were, in turn , poured 

into an open petri di sh placed on a fl at surface in a film 
cupboard and le ft for 24h for evaporati on of the so l vent. 

10cm3 di sti lled water was poured on the dry film in a 
petri di sh. The dish with its content was left for 20 min , 
after which the film was removed and d ried between fi Ite r 
papers. The very rubbery nature of the PTB film made it 
difficult to cast from solution using the above method . 
The mec hani ca l prope rti es were measured w ith the 
Instron Tensile Machine (mode l I 026) at stra in rate of 
50mm/min and chart cross head speed ratio of 4: I at room 
temperature . Sample films o f dimensions 5: I :0.002c m 

were used . 

Ex periment al density (g cm-3) 

PMM N PIB"' PMM A/PI B1 

0.8487 0.8460 

0.8472 0.8486 

0.8464 0.8520 

0.8460 0.8495 

0.8452 0.8477 

0.8444 0.8475 

0.8440 0.8472 

0.8420 0.8467 

0.8416 0.8461 

0.8408 0.8453 

0.8453 0.8453 
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Figurc i- Strcsss-stra in data for 18/20 and 85/15 PMMA/P IB 
I 

blends 

Results and Discussion 

The results, in Table I and F igure I show that the 

ex perimenta l densities o f ble nd soluti ons are lower than 
ca lc ul a ted ass umin g additi v it y of vo lumes of the 
po lymers and solve nt for both the low and med ium 
m o lec ul a r we ig ht po ly isob ut y le ne sam p les. The 

ex perimental densiti es are c loser to the calcul ated ones 
fo r the blend so lutions w ith the low mo lecula r weiah t 

"' PIB sample. The lower ex perimenta l densities, compared 
to the calcul ated, are attr ibuted to less chain packing in 
sol uti on, w hi c h is ev id ence of in co mpatibility. The 

c loseness of ex perimenta l va lues to the calculated fo r 
the low molecul ar weight PIB suggests that the degree 
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Table 2- Variati on of reduced vi scosit y with bl end 

Composition PMMA/ PIB Limiti ng viscosity PMMA/PIB Limiting vi scos it y 

PMMAIP IB (dL/g) (dL/g) 

blend 
Calculated Ex pe ri mer. ta l Calculated Ex perimenta l 

compositi on 

100/0 0.7400 0.7400 

95/5 0 .7655 0 .76 15 

9011 0 0.79 10 0.7896 

85/ 15 0 .8 125 0 .8 105 

80/20 0.8420 0.8406 

011 00 1.25 1.25 

of incompatibil ity decrease, as the molecular we ight of 
th e second po lymer decrease 12

· " · The h ig he r 
experimental densities for the 80/20 and 70/30 PMMA/ 
PIB

1 
blend so lutions suggest special interaction at these 

compositions that can aid compatibility 111
• 

The plot of relative vi scosity against compos ition is 
non-linear (Figure 2). Thi s latter result a lso suggests 
incompatibi lity ofPMMA with PIB, since for compatib le 
blends the plot of relati ve viscosity against composition 
is linear~ · 10

. The results in Tabl e 2 show that th e 
e xpe rime ntal limitin g v iscos iti es a re lo we r th a n 
ca lculated for the PMMA/PIB solutions. Compatible 
ble nd so lution s g ive hi gher e xperime nta l valu es of 
limiting viscosities. The lower experimenta l va lues here 
suggest decreased molecular interacti ons between the 
p o ly me rs in so luti o n , whi c h aga in s ig nifi es 
incompatibility of the two polymers. Us ing the Krigbaun­
Wall equation 14

· 
1
\ it was found that the experimental 

values are again closer to the ca lculated ones for blend 
solutions with the low molecular we ight polyisobutylene. 
This collaborates the earlier observation that the degree 
of incompatibility is molecul ar weight dependent and 
decreases as the molecul ar weight of the second polymer 
decreases . 

Film Morphology 

Many techniques are used to determ ine whether a 
blend is sing le or mult iphase 11

· 
12

· '-'· 
11

', howe ver, a quick 
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Figu re2- Variation of re lati ve viscosity wit h composition for the 
PMMA/PIH

1 
blends 

but no t tota ll y re li a bl e me th od is by film c la rit y. 
Co mp a tib le b le nd s g ive t ra ns pa re nt film s but a 
tra ns luce nt or o paqu e film is a n e vid e nce of 
incompatibil ity. Incompatible blends do g ive transparent 
film s when the refracti ve indices of the polymers are 
very c lose or the films are very thin , but phase separati on 
is a strong ev idence of immi scibility of one polyme r in 
another. Only the pure PMMA fil m was transparent. All 
bl end fi lms have impaired c larity when compa red to 
PMMA. There was also phase separation observed for 
a ll blend films. At fairl y low percentage PIB

1 
(5 to I 0 

per cent) in the blend , the rubber phase appear evenly 
d istributed in the PMMA phase. Clarity was impaired 
and phase separation observed for a ll PMMA/PIB blend 

Ill 

f ilms exami ned . 
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Table 3- Mechanical properties of some selected blends 

Blend composition Initi al modulus Ultimate modulus Stress at break Strain at break 
per cen t PMMAIPIBI X I o·' kg m'2 X JQ.) kg m·2 

X I o·' kg m'2 

85/15 1.67 2.22 

80/20 2.0 3.33 

Mechanical Property 

For the selected blends with the low molecular weight 
PIB. the initial and ultimate modulu s, stress at break 
increase with the PIB content of the blend (Table 3) . 

The area under the stress-strai n plots also increase w ith 
the rubber concentration (Figure I). Thi s is an evidence 

of toughening of PMMA by PTB rubber. 

Conclusion 

PMMA is incompatible with PTB rubber. The 

degree of incompatibility decreases with decreas ing 
molecular weight of the PJB. PMMA was toughened 
when blended with the rubber at fairly low 
concentration s, but its c larity is impaired . Blending with 
a lower molecular weight PIB may give a toughened and 

more transparent product. 
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