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Abstract— Poly (methacrylate) (PMMA) shows several advantageous properties such as exceptional optical clarity, high 
strength, superior dimensional stability and modest wettability. PMMA is derived by living polymerization with Atom 
Transfer Radical Polymerization (ATRP) method. The samples were cured at two different environments such as air and 
argon. The curing process of PMMA in air was performed at the room temperature. PMMA samples were cured under 
controlled inert argon atmosphere with tightly controlled 45 °C. The effect of curing ambient to polymer morphology was 
evaluated, comparatively. The effect of curing ambient on structural difference is examined by using XRD analysis and 
stereomicroscope.  
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I. INTRODUCTION 
  
As a glass replacement PMMA has a known name as 
acrylic, which is a thermoplastic synthesized by the 
free radical mechanisms by block polymerization of 
methyl methacrylate (PMMA) monomers. PMMA 
has excellent optical properties (~%92 light 
transmittance in the infrared region), biocompatibility 
and outdoor usability. Because of these features 
PMMA is commonly used areas such as;  
• Contact lenses,  
• Fiber optics,  
• Light fixtures,  
• Skylights,  
• Lenses,  
• Dentures,  
• Fillings,  
In addition, many other applications in biomedical, 
microelectronics and aerospace industries [2-5]. 

 

 
Figure 2 Polymerization Stages 

 
Latest developments in polymer science has allowed 
synthesis of well-defined graft and block copolymers 
by controlled/ living polymerization radical 
polymerization (CRP). Three common mechanism 
are used in CRP systems, nitroxide mediated 

polymerization, reversible addition-fragmentation 
chain transfer (RAFT) and atom transfer radical 
polymerization (ATRP). Atom transfer radical 
polymerization is living controlled radical 
polymerization method, which delivers capacity to 
engineer multifunctional materials with 
polydispersity index, end group functionally, 
composition and molecular weight, and it is very 
effective method synthesizing methl methacrylate. 
ATRP is based on the reversibly activation of 
dormant halogenated initiator or chain ends by 
transition metal complexes e.g. CuX.Ln (X = CL or 
Br, L = ligand n =1 or 2).  
Poly (methacrylate) (PMMA) shows several 
advantageous properties such as exceptional optical 
clarity, high strength, superior dimensional stability 
and modest wettability. When PMMA is mixed with 
nanomaterials develops further desired properties 
such as minimized gas permeability, developed heat 
resistance and increased physical performance. A 
series of studies shows that by changing the curing 
conditions it is possible to change the phase 
morphology of same blend thermosets from a few 
nanometres to few micrometers. Jansen et al 
demonstrated that miscible blend of PMMA-epoxy- 
clay cured at the glass transition temperature shows a 
morphology separated epoxy domains in a nanoscale.  
 

Table 1 Different self-healing mechanism for the PMMA 
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Also PMMA shows a structure with semi flexible 
chains which contribute self-healing behavior of 
material, under SEM it is observed that knife-cut 
PMMA samples shows near perfect recovery. As can 
be seen from the Table 1 there are different Self-
Healing mechanism for the PMMA, which brings 
different healing efficiencies.  
To the best of our knowledge, comparison between 
atmospheric cured ATRP PMMA and inert 
atmosphere temperature controlled Living polymer 
ATRP PMMA has not been employed. In this study, 
two sets of living polymer PMMA samples are 
produced by ATRP method. The samples were cured 
at two different environments such as air and argon. 
The curing process of PMMA in air wasperformed at 
the room temperature; another set of PMMA samples 
were cured under controlled inert argon atmosphere 
with tightly controlled 45 °C. The effect of curing 
ambient to polymer morphology was evaluated, 
comparatively. The effect of curing ambient on 
structural difference is examined by using XRD 
analysis and stereomicroscope.  
 
II. EXPERIMENTAL WORK  
 
A. Materails fabrication  
Materials are used as they arrived; the preparation 
and measurements are done inside AtmosBag four-
hand, non-sterile, size L, closure type, Tape-seal 
(Sigma-Aldrich). Tetra-n-butylammonium bromide, 
98+% (Alfa Aesar), Copper bromide, Puratronic®, 
99.998% (metals basis) (Alfa Aesar), Methyl 
methacrylate, 99%, stab.( Alfa Aesar), 1,1,4,7,7-
Pentamethyldiethylenetriamine, 98% (Alfa Aesar), 
Ethyl 2-bromoisobutyrate, 98+% (Alfa Aesar),  
Extra pure argon and regulator is obtained from 
obtained from Özvarış and chained to a concrete wall 
to meet the safety regulations. Before materials 

 
 
measurements AtmosBag four-hand, non-sterile, size 
L, closure type, Tape-seal (Sigma-Aldrich) Figure 3-4 
completely vacuumed, followed by 10min extra pure 
argon circulation into system.  
 
B. Synthesis of Living polymerization PMMA by 
ATRP  
Bu4NBr (1.031 g, 3.2 mmol) and CuBr (0.057 g, 0.4 
mmol), PMDETA (0.069 g, 0.4 mmol) were added to 
tube (8 × 2.5 cm) equipped inside atmosbag. Inside 
the glove bag, the extra pure argon is applied to the 
tube and tube is sealed with rubber septum with 

pressured argon and taken out of the atmosbag. Tube 
merged inside an oil bath at 25°C and external argon 
appliances connected accordingly (figure5). 
Previously prepared MMA (24.0 g, 0.24 mol) inside 
gas tight syringe is applied to mixture under 
continuous argon purge under magnetic string. 
Magnetically string continued for the next 13 hours 
and after 13 hours EBiB (0.078 g, 0.4 mmol) was 
added. The mixture have been degassed severely 
through glass frit with argon. External argon sources 
prevent the mixture to get content with atmosphere 
(Figure5). The tube is sealed with rubber septum 

 
Figure 5 Degas process in the silicon oil bath. 

 
followed by parafilm.  
After 4 h, the resultant polymer was a transparent 
solid exhibiting a light green color (figure 2 c). 
Polymer has moved from oil bath to atmosbag and 
poured into separate molds. By these steps samples 
contact with atmosphere is prevented up to curing and 
highly representative samples of Living 
polymerization PMMA by ATRP has achieved.  
One set of samples are cured under atmospheric 

 
conditions while another set of samples cured at 
tightly controlled 45°C under argon atmosphere.  
 
III. CHARACTERIZATION  
 
The surface micrographs of the Produced ATRP 
(Atom Transfer Radical Polymerization) Generated 
Living Polymer PMMA are presented for samples 
(Figure 6). The morphology of the samples cured 
under argon atmosphere with temperature control 
(45°C) and ambient atmospheric condition cured 
samples are studied under stereomicroscope. The 
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studies reveal that the samples, ambient atmospheric 
cured samples shows patterns like of thermal shock in 
glass production while samples cured under 
controlled atmosphere shows evenly distributed 
smoother structure.  
As can be seen from figure below XRD studies of 

 
Figure 7 XRD of PMMA cured at atmospheric conditions. 

 

 
Figure 8 XRD of PMMA cured under argon atmosphere 

conditions. 
 
samples cured under argon atmosphere with 
temperature control (45°C) and ambient atmospheric 
condition cured samples show significant difference 
(Figure7-8). Living polymerization PMMA by ATRP 
samples cured under argon atmosphere shows a 
perfect pattern indication of polymeric material 
comparable with the literature. On the other hand 
samples cured in atmospheric conditions shows sharp 
peaks indicating crystalline structures formation 
within the sample.  
 
CONCLUSION  
 
We report on the synthesis of well-define extra pure 
preparation of Living polymerization PMMA by 
ATRP method. 

 It is shown that even preparation stage is well 
configured and confined the curing stage changes the 
morphology of the resulting polymer dramatically.  
Ambient atmospheric cured samples shows patterns 
like of thermal shock in glass production while 
samples cured under controlled atmosphere shows 
evenly distributed smoother structure which are 
desired by many industrial applications. Also XRD 
studies reveal that there is crystalline formations 
inside the living polymer PMMA by ATRP cured 
under atmospheric conditions, further FTIR and SEM 
studies will be made to define the source of these 
crystalline structures.  
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