
1 
 

THERMOMECHANICAL CHARACTERIZATION OF POLYMERS 

RECYCLED FROM CRT MONITORS FRAMES 
 

Caracterização Termomecânica de Polímeros Reciclados a partir de carcaças de monitores 

CRT 
 
 
Adjanara P. Gabriel 

1
 

Ruth M. C. Santana 
2
 

Hugo M. Veit 
3
 

 
Contato: Av. Bento Gonçalves, 9500. Setor IV, Prédio 74 - Campus do Vale - Bairro Agronomia. CEP: 91509-900 
Porto Alegre - RS –Brasil Tel: +55 51 3308 9430. e-mail: dijapg@hotmail.com  
 

ABSTRACT 

The electronic equipment, when becomes obsolete and discarded, it is termed as electronic waste and when they are 
discarded improperly, they represent a type of solid waste growing worldwide. The rapid replacement CRT (cathode 
ray tube) technology, used in televisions and monitors, to LCD, LED, and Plasma technologies is one of the 
examples of products that have generated a large amount of waste. The CRT monitors are composed of polymeric, 
metals, and ceramics materials  which are composed of high and low economic value and also some toxic materials. 
This work is focused on characterizing and recycling CRT monitors frames, which are composed of polymers. 
Monitors, damaged or obsolete, from different brands, year of manufacture, size, and color were collected. The 
frames were separated by brand, characterized, comminuted, and injected to obtain samples for mechanical tests. The 
results of mechanical tests of tensile and impact presented variations in different brands,  because of the specific 
compositions in relation to the fillers, additives, and degradation before to each sample. In the TGA test, the 
degradation temperature was verified by the peaks presents in the graphics. 
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INTRODUCTION 

 
 One of the major problems currently facing the society is the generation of large amount of solid waste 
without an appropriate destination. Electronic equipment, such as batteries, cell phones, computers, printed circuit 
boards (used in electronics), monitors, and printers when reaching the end of its useful life or damage because of 
technological obsolescence becomes a portion of electronic waste ( Kasper et al., 2009). The advancement of science 
and technology has created a new series of electrical and electronic products. On one hand, this advancement has 
revolutionized the world with cheap equipment whereas on the other hand, it has become obsolete quickly. The result 
is a large amount of discardable electronics as it is often cheaper to buy a new unit than to repair or upgrade a broken 
or obsolete product. This increase in solid waste generation encourages studies on the recycling processes for 
electronic waste which must be disposed in the most appropriate way or recycled (Veit et al., 2006 and Santana and 
Manrich, 2002). 

The recycling of waste electrical and electronic equipment involves a wide range of techniques and processes, 
targeting different materials (different metals and different types of polymers) (Schaik and Reuter, 2010 and 
Gramatyka et al., 2007). 

Specifically, the polymeric frames from monitors  may contain ABS (Acrylonitrile butadiene styrene), HIPS 
(high impact polystyrene), PC (polycarbonate), and other types of polymers in its composition. These materials can 
represent a significant proportion (25-30%) of polymeric fraction present in the electrical and electronic equipment 
(Jung and Kim, 2012). 

Thus, this work is focused on recycling polymer frames from CRT-type monitors, damaged and/or obsolete, 
assessing the influence of manufacturers' brands and year of manufacture of the monitors on the thermomechanical 
properties of the recycled polymer. 
 
 
METHODOLOGY 
 

CRT-type monitors, damaged and obsolete, of various colors, brands and year of manufacture were 
collected as a first step followed by the separation based on the brand and year of manufacture and divided according 
to Table I. The samples 3 and 4 are of the same brand, but with different year of manufacture. Also, it was found that 
the sample 4 is the only gray color monitor, and 8 is the only sample that was exposed to weather conditions (sun, 
rain, wind, …). 

 
TABLE I: Monitors collected divided by brands and year of manufacture. 

Sample Brand Year / Quantity / Size (pol) Color 
1 A 2003 2 15 e 17’’ Dark Beige 
2 B 2004 2 15 e 17’’ Dark Beige 

3 C 
1998 1 15’’ 

Light Beige 
2002 2 15 e 17’’ 

4 C 
2005 1 15’’ 

Gray 
2006 1 17’’ 

5 D 1996 2 15’’ Light Beige 

6 E 
2001 1 15’’ 

Dark beige 
2002 1 17’’ 

7 F 1995 1 15’’ Light beige 
8 G 2006 1 15’’ Yellow 

 
On the inner surface of the frames, the symbol "ABS" has etched and that indicates the composition of 

manufacturer. The selected frames were crushed in a mills knives (Rone brand, SRB 2305 model), and with the 
polymer granules, samples injected (ASTM D638-08) for the tensile and impact tests, was performed. The samples 
were injected at 200ºC and at a pressure of 50bar, in an Injection Battenfeld brand, Plus 350 model. 

For mechanical characterization, impact tests by Izod method (ASTM D256-06) and tensile tests (ASTM D-
638-08) were performed. Additionally, for a thermogravimetric analysis for the injected material, a 
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thermogravimetric analyzer (TA Instruments brand, TGA 2050 model) was used, with a maximum heating rate of 
20°C/min under N2 atmosphere and at a temperature of 50 to 950°C. 
 
 
RESULTS 

 
Mechanical Properties 

In the impact test results, shown in Figure 1, different mechanical responses were observed. This is probably 
because of different brands having different compositions with respect to specific fillers and additives. Also, the 
possible thermomechanical and chemical degradation that these materials had in use and their reprocessing may have 
affected the impact test. 

It can be observed that samples 1 and 8 were those which had lower impact strength, and the sample 8 showed 
the lowest resistance, probably, because of the disposal environment to which it is subjected (natural weathering). 
According to a study by Brennan et al. (2002), the impact strength of ABS can decrease significantly after recycling. 
This reduction is because of the effects of the injection procedure, which could cause polymer degradation, 
decreasing the ability to resist the sudden impact loads. It was also concluded that the decrease in the impact property 
of ABS as a result of recycling can not only be because of the degradation of the polymer chain, but can also be 
caused by the presence of pigment and/or load. 

 

 
 

FIGURE 1: Results of impact test. 
 
 
Table II presents the results obtained in the tensile test. This type of test provides important information 

about the mechanical properties (tensile modulus, tensile strength, etc.) of the samples reprocessed. According to 
Tiganis et al. (2002), a surface degradation may influence the mechanical properties of the ABS polymer. In the 
results obtained, sample 1 showed the lowest yield stress, followed by sample 8. In the case of the sample 8, which is 
the frame exposed in weather, the degradation happened before can be an important factor and this explain the 
behavior. In the case of sample 1, probably there is a significant variation in the composition. The other samples 
showed results very closely. 

In relation to the results of the tensile modulus, the samples 1 and 7 showed the lowest values. The higher 
the modulus of the material, the more brittle and harder will be the sample, and thus lower the impact resistance. The 
sample 8 reached about 1700Mpa, showing that it’s a very brittle material. It was also observed that the samples 3 
and 4 (same brand) showed no significant variation of the tensile modulus, probably because of the same type and 
presence of the same amounts of fillers and additives. 
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TABLE II: Results of Tensile Tests. 

Sample Yield stress (MPa) Tensile strength (MPa) Tensile Modulus (MPa) 
Maximum Elastic 
Deformation (%) 

1 23.35 ± 1.21 13.46 ± 0.81 1386.23 ± 16.10 3.08 ± 2.26 

2 37.64 ± 0.43 21.49 ± 0.31 1588.05 ± 7.30 2.92 ± 0.03 

3 36.14 ± 0.67 20.58 ± 0.89 1565.56 ± 16.10 2.79 ± 0.05 

4 35.64 ± 0.69 20.48 ± 0.79 1526.45 ± 16.10 2.88 ± 0.09 

5 36.37 ± 1.25 20.66 ± 0.99 1478.87 ± 11.80 3.11 ± 0.10 

6 38.20 ± 1.08 21.85 ± 1.01 1567.80 ± 20.90 2.98 ± 0.04 

7 36.71 ± 0.81 21.66 ± 0.82 1466.20 ± 25.83 3.34 ± 0.07 

8 30.46 ± 045 17.47 ± 0.96 1672.73 ± 47.66 2.07 ± 0.27 

 

Thermal properties – TGA 
Table III shows the test results of the TGA test. It can be seen that from approximately 300ºC, all samples 

started to degrade. Yang et al. (2004) studied that the degradation of the components of the ABS starts at 340ºC to 
butadiene and at 350ºC with styrene. Also, it was observed that the composition of ABS copolymer had small 
variations in the proportion of its components, which might have influenced the variations of mechanical properties, 
this being more evident in sample 1. 

The results obtained in this work shows that the first peak of degradation occurred between 332ºC and 
356ºC, coinciding with the start of butadiene degradation. Also, it can be seen that most samples lost about 25%, in 
mass, during this initial degradation. Another important factor is the amount of residue found, especially in samples 
5 and 8, is approximately 11%, which corresponds to the fillers and additives added in formulating the polymers. 

 
TABLE III: Results of TGA test. 

Sample 
TG DTG 

% M1 % M2 Residue T p1(ºC) T p2(ºC) 
1 9.41 87.43 3.14 348.46 440.03 
2 24.41 68.07 7.51 346.79 433.24/445.24 
3 25.98 66.76 6.45 343.7 429.8 
4 24.09 69.14 6.75 332.5 429.8 
5 25.18 64.43 10.39 343.15 424.96/439.75 
6 23.73 67.84 8.43 342.22 426.79 
7 24.12 68.69 7.18 356.11 433.83 
8 20.83 68.39 10.78 341.33 440.56 

 

 

CONCLUSIONS 

 
The materials used in monitor frames manufacturing are essentially the ABS (Acrylonitrile butadiene 

styrene), regardless of the brand and year of manufacture. 
In the impact and tensile tests, small variations between the results of the samples were observed. Such 

small differences may be mainly because of the degradation processes suffered before by samples. Other factors and 
such formulations differentiated with respect to fillers and additives also affect the impact resistance. 

From the thermal analysis by TGA, it was possible to identify the difference in the weight ratio of the 
components of ABS copolymer in the various samples evaluated and also the level of additives. These results helped 
to explain the differences in mechanical performance, and the degradation temperature of each component. 
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The results were consistent since the degradation temperature of butadiene starts around 340°C, compatible 
with the data found for all samples. Also, it was concluded by TGA, that there was a small variation in the 
concentration of components, both in the polymeric material as fillers and/or additives. 
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