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Rubber-modified polymer composites 
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The effect of rubber modification on the mechanical properties of a polymer composite con- 
sisting of polymethyl methacrylate (PMMA) beads embedded in a PMMA matrix was studied. 
The synthetic rubber used, a styrene-butadiene copolymer (SBR), was dissolved after mas- 
tication into the methyl methacrylate monomer, thus ensuring that rubber dispersion takes 
place in the matrix phase. The results obtained show that the mechanical properties of the 
rubber-modified material produced by the technique described are greatly dependent on the 
total rubber content, since it affects the form and particle size of the dispersed phase. 

1. Introduct ion  
The use of acrylic polymers in applications which 
require the combination of light weight, excellent 
optical properties, chemical resistance and outdoors 
stability is very extended. However, these applications 
are restricted by the brittleness that the polymer 
presents, due to its elevated glass transition tem- 
perature (Tg) [l]. 

Many methods have been proposed to improve this 
behaviour, such as plasticization [2], internal plas- 
ticization [3-5] or rubber modification [6-8]. For the 
conventional plasticization, diesters of phthalic anhy- 
dride can be used (dibutyl phthalate, etc.). The plas- 
ticizer can be added to the acrylic monomer before 
polymerization or incorporated in the polymer by hot 
mixing. In both cases a transparent, more or less 
flexible material results, but the possibility of the plas- 
ticizer migrating restricts the servicability of the plas- 
ticized materials. 

The internal plasticization uses plasticizers with 
functional groups which can be chemically attached to 
the acrylic macromolecule. The copolymerization of 
methyl methacrylate with n-butyl acrylate or diallyl 
phthalate are typical examples. 

The third method, i.e. incorporation of rubber 
particles into the polymer, seems to be the most inter- 
esting because it improves the mechanical behaviour 
of the material while retaining its optical clarity. The 
rubber particles can absorb energy by their deforma- 
tion in the face of a propagating crack and redistribute 
the stresses to the surrounding matrix, thus dissipating 
the energy that causes the crack to propagate. 

Many factors affect the efficiency of a given type of 
rubber for improving the impact properties of an 
acrylic. The chemical nature of the rubber is of pri- 
mary importance, because in cases where it is too 
compatible with the matrix, dissolution and disper- 
sion on a molecular scale results. This leads to little or 

no reinforcement, since the rubber particles become 
smaller than the radius of the tip of a stress-induced 
propagating crack [9]. On the other hand, if the rubber 
is highly incompatible, good adhesion between rubber 
and matrix cannot be obtained. For example, poly- 
butadiene rubber adheres poorly to a styrene-acrylo- 
nitrile copolymer, while a nitrile rubber adheres well 
to the above copolymer. 

The impact strength increases with increasing rub- 
ber content, but other properties such as tensile 
strength and modulus, creep and weather resistance 
tend to lower values. 

The rubber particle size is also an important factor 
for the efficiency of the modification. If the particle 
size distribution is wide, i.e. 1 to 20/tm, the large 
particles tend to reduce the tensile strength and to give 
a poorer surface finish when compared with a narrow 
particle size distribution (1 to 5 #m). 

Another critical parameter for impact properties is 
the degree of rubber adhesion to the matrix. Without 
sufficient adhesion, the energy of a propagating crack 
can tear a rubber particle and the crack will effectively 
bypass the particle. A grafting process is commonly 
used to adhere rubber to the matrix, offering the possi- 
bility of using rubbers which are only moderately 
compatible with the plastic matrix, since the chemical 
bonding ensures adhesion. 

Finally, the molecular weight of the polymer which 
comprises the matrix is of primary interest. This par- 
ameter has to attain medium to high values in order to 
give good impact properties. 

Some factors are also critical for the modification of 
the optical properties of a rubber-modified material. 
The dominant parameter for such changes is the 
refractive index of the continuous and dispersed 
phase. The effects of semi-compatible polyblending on 
the optical properties are generally undesirable, lead- 
ing to transluscent to opaque products. One way to 
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Figure 1 The torque as a function of mastication time. (O) SBR, 
(o) SBR + 2p.h.r. MBT. 
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Figure 3 The Young's modulus as a function of rubber content 
(GPa). 

overcome this problem is to match the refractive index 
of  the matrix to that of the rubber. 

Another method to produce transparency is to 
make the particle size of  the rubber phase smaller than 
the wavelength of  visible light (less than 400 nm). 

Finally, an additional factor affecting optical 
properties is related to the uniformity of composition 
of  the polymer material, especially in the case of  incor- 
poration of the rubber during polymerization. 

2. Experimental procedure 
2.1. Materials 
A two-component acrylic resin was used for the 
production of the polymer matrix. The first com- 
ponent is granular acrylic resin, containing an excess 
of free catalyst (benzoyl peroxide). The second com- 
ponent is essentially methyl methacrylate (MMA) 
monomer. The two components are mixed in the 
weight ratio powder:l iquid = 2.5: 1, producing a 
dough which can be readily polymerized with the 
application of  temperatures above 75 ° C. The acrylic 
granules used were DP 300 (ICI Ltd), a polymer with 
a molecular weight suitable for a quick cure. The 
MMA was freshly distilled to remove inhibitors or 
other additives normally present in the monomer. 
The rubber used as impact modifier was a styrene 
butadiene copolymer containing 23.5% styrene struc- 
tural units (SBR 1507, Shell Chemicals Ltd). 

2.2. Specimen prepa ra t i on  and  tes t s  
The specimens were prepared after mixing and curing 
polymer powder and monomer liquid containing dif- 
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Figure 2 Tensile strength variation with rubber content. 

t 

15 

ferent amounts of  rubber. Since the viscosity of  the 
solution is of great importance, leading to a more or 
less efficient wetting of  the acrylic granules, the rubber 
was at first masticated. The mastication leads to chain 
scission, thus reducing the molecular weight and 
allowing greater amounts of rubber to be dissolved, 
retaining simultaneously a low viscosity. The masti- 
cation was based on the thermomechanical stressing 
of rubber which took place in a Brabender Plasticorder 
working at 140°C, 30r.p.m. for 5min. In order to 
eliminate the free radicals produced a peptizer was 
added, mercaptobenzothiazole (MBT), to a con- 
centration of 2 p.h.r. (parts per hundred of  resin). The 
mastication process was followed by observing the 
torque value variations which are related to the melt 
viscosity and the molecular weight. The curing of the 
dough was carried out in a heated-plate hydraulic 
press at 100°C for 20min. The specimens produced 
were rectangular sheets and plates of 3 or 13mm 
thickness for tensile and compression or impact tests, 
respectively. 

The ASTM D638 and D695 designations were 
followed for tensile and compression strength, respec- 
tively, using an Instron universal testing machine. For 
the impact tests, the ASTM D256 designation was 
followed by testing notched bars, according to the 
Izod method, in a Zwick impact machine. 

Scanning electron microscopy was also used to give 
a picture of  the material structure. 

3. R e s u l t s  
The torque value, as a function of time, is shown in 
Fig. 1. It is evident that the torque reaches an equi- 
librium value after a few minutes. This equilibrium 
corresponds to equivalent rates of degradation and 
recombination of  free radicals. The presence of  pep- 
tizer reduces the equilibrium time and leads to lower 
torque values, i.e. lower molecular weight. 

The variation of  ultimate tensile strength and 
modulus of elasticity with the rubber content are 
presented in Figs 2 and 3. As the curves indicate, there 
is a decrease in both strength and modulus with 
increasing rubber content. This effect is clear for rela- 
tively low rubber concentrations, then showing a more 
or less steady behaviour. 

The compression measurements are plotted against 
rubber content in Fig. 4. As the curves indicate, there is 
at first an increase in elastic modulus and compression 
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Figure 4 Compressive stress-strain curves of the modified speci- 
mens. (O) 1.5p.h.r. SBR; (©) PMMA, 7.5 and 15 p.h.r. SBR (MPa). 

strength, followed by a decrease as the rubber con- 
centration increases. The curves for 7.5 and 15 p.h.r. 
rubber concentration are essentially the same as the 
curve corresponding to the unmodified polymer. 

The impact measurements are shown in Fig. 5. An 
increase is evident for low rubber concentrations, but 
on increasing the rubber content the impact energy 
decreases and finally reaches values lower than the 
strength of the unmodified material. 

Finally, the structure of the rubber-modified material 
for 7.5 p.h.r, rubber content is presented in Fig. 6. The 
PMMA phase (dark areas) is surrounded by the rubber 
phase. This is a result of the incorporation procedure 
followed, i.e. rubber dissolution and the wetting of the 
PMMA powder by the rubber solution. 

The decrease in tensile strength and modulus of 
elasticity with the rubber content is also referred to by 
other authors. Roylance et al. [10] studied a ter- 
polymer consisting of methyl methacrylate, styrene 
and acrylonitrile units, modified by particles of buta- 
diene rubber in concentrations up to 13 %. The decrease 
of tensile strength and elasticity modulus with rubber 
content seems to be rather linear. Similar results were 

0 1.5 
I I 

L5 15 
Rubber content (p.h.r.) 

Figure 5 Impact strength as a function of rubber content (Nm m-  ~ ). 

presented by Dickie [11], at least concerning the moduli 
of elasticity of rubber-modified, glass-reinforced 
PMMA, but the decrease seems again to follow a 
rather linear model. 

The impact and compression properties of the 
material show a similar variation, i.e. an increase 
for relatively low rubber concentrations and then a 
decrease up to the initial values or less. 

The same effect is reported by Silberberg and Han 
[12] who studied rubber-modified polystyrene. The 
decrease with increasing rubber content is attributed 
by the above authors to the improper dispersion of the 
higher rubber amounts. 

In our case the explanation must be found in the 
technique of rubber incorporation, i.e. the dissolution 
and then wetting of the acrylic. This technique leads to 
a rather continuous rubber phase, provided that the 
total amount of dissolved rubber is sufficient to sur- 
round the wetted acrylic granules. Fig. 6 demonstrates 
this possibility for a relatively high rubber content 
(7.5p.h.r.). On the other hand, for lower concentra- 
tions the rubber phase is restricted, thus becoming a 
dispersed phase, where the rubber particles obtain a 
given size. The above dispersion of the rubber phase is 
a condition for good mechanical behaviour of the 
modified material [9, 12], and its optimization, 
expressed in terms of the rubber particle size distri- 
bution, could lead to optimal mechanical results. 

Figure 6 (a, b) Scanning electron microscopy for specimens containing 7.5 p.h.r, rubber. 
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