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Abstract: The global market for polyvinyl butyral is segmexhtbased on the end-user industry into the fiefds o
construction, transport and electrical engineerifige application possibilities of recycled polyviryutyral (PVB)
depend on its thorough preparation for use. Thigpaims to analyse PVB in terms of its atmosphéggradation, to
which it is susceptible, like most thermoplastiBg.correctly determining the gravimetric water @ntt we can more
precisely set the test conditions and thus incréasapplication possibilities to various areasirafustry. Precisely
because of fundamental properties such as excellgability, stability and superior mechanical sgth, it makes PVB

a more advantageous choice for automobile manuéastuAlso, this product protects against infrasatiation and UV,
noise reduction. With the growing number of autoiiesh together with the change in consumer preferdar safety,
we expect demand to increase in the polyvinyl taltyrarket in the following years.

1 Introduction

According to the European Commission statistic: \
reports, it is currently estimated that betweennd &
million automobiles are scrapped each year in Eiftp
In Slovakia, this amount reaches 30,000 automolpidgs
year. [1] One important aspect directly relateddaoglass
recycling is that laminated glass represents g%mf the
total material in an automobile at the end ofifes |
In Europe, this laminated glass means approximai@0y
000 tonnes per year, which come exclusively froa-ef
life automobiles [1]. However, there will come mé when
each product ends its life and eventually ends sp
waste [1,2].

The European Union's priority is to re-use thisteas
the production process (Fig.1). The essence is tt
application of the circular economy to the producti
process itself, to the design. It is not that easth
automobile [2,3]. An old automobile contains selera
dangerous substances such as oil, acid, chemic
compounds contained in liquids, such as brake ,flui
coolant, airbag detonators, etc. Therefore, the o
automobile is included in the category of "hazaslou
waste" [3]. Manipulation and disposal of an oldoauobile From automobile laminated glass recycling, it is
in Slovakia, according to the Waste Act No. 79/2QH8.  essential to focus on the use of new advanced tkagias
may be performed only by an authorized processor ghd thus achieve high purity polyvinyl butyral film
waste automobiles. Economic gains are a necessary aspect for prosessdr

customers (Fig. 2), as the production costs of neda

d'gure 1 Circular economy application into automobile industry
[2, Authors own processing]
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polyvinyl butyral are between 4 and 5 EUR per kbilev
the current expenses for resin PVB are betweerd9lan
EUR per kg [3]. Another important aspect is thattitains
a recycled product with similar technical propestas a
resin material that can be used for primary use,
laminated glass production, as opposed to whaenthyr
happens with polyvinyl butyral waste [4]. It is esgial to
use innovative laminated glass recycling technolthgt
will improve the environment for all existing prases,
bringing high
efficiency [2,5].

POLYVINYL BUTYRAL MARKET

. Regional Analysis >, ';Lmn-q-
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(2016): 40%
Figure 2 Global forecast analysisfor polyvinyl butyral
(2016-2024) [4]

Europe industry is projectedio
generate a revenue of

USD 750 MN by the year
2024

The automotive market is a crucial factor in thevgh
of global polyvinyl butyral in the period 2016-2024].
Polyvinyl butyral is used in the production of laraied
glass of architectural

roof windows, side and rear windows and windscréehs

These laminated glasses are produced by joining PVB

(Fig. 3) between layers of two glass panels unggeme
pressure and temperature conditions.

Figure 3 Recycled polyvinyl butyral as safety interlayer inthe
windscreens [14]

industrial value and high economic

and automotive applications.
Automobile manufacturers use laminated glass toemak

which makes them a more advantageous choice for car
manufacturers. In addition, this product provides
protection against infrared and UV radiation, noise
reduction, and offers overall vehicle safety [8].ithW
increasing automobile production, together wittharge

in consumer preference for automobile safety, dehian

the polyvinyl butyral market is likely to increafs.

2 Research Methodology

The preparation of recycled polyvinyl butyral befor
use in laboratory and industrial applications isracial
step [5,6]. Because polyvinyl butyral is looselgred in
"big bags" in the warehouse after recycling, the
surrounding moisture is absorbed thereby the nadteri
itself. [8]. Recycled polyvinyl butyral contains urities
that were present after the recycling process, wue
processing, packaging, storage. Therefore, it cessary

to get the material to the state that is most klgthom an
economic and processing point of view before stgrti
work [10]. PVB storage capacities are limited innypa
countries. Accordingly, some countries were already
increasing storage costs and trying to make maturfrs
and PVB processors re-use this type of waste anchesd

it to the production process [11,12].

it i
Figure 4 Recycled polyvinyl butyral [13,14]

The polyvinyl butyral was prepared in the laborgtor
under the ambient temperature 21 °C and 60% humidit
Characteristics of the determination of the grawioe
water content in the sample of recycled polyvingtyal
are presented in the Table 1.

Laminate glass is used in the automobile for safety

reasons, as it protects against head injuries didewats
[6-8]. PVB has key properties such as excellenability,
better edge stability and excellent mechanicalngtie
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Table 1 Characteristics of the determination of the gravimetric  waste film, it is assumed that if improper storaméot of

water content in a sample of recycled polyvinyl butyral impurities will easily stick to the surface and sheduce
Weight of the test sample 6x10g9 the quality in the area of use of the recycled pood13].
before analys PVB storage capacities are limited in many coustrie
The temperature in the 60 °C Accordingly, some countries are already increastotage
laboratory drying costs and trying to make manufacturers, respeytivel
equipmer [1,13].
Sample drying tim 24 ¢ The following Table 2 is a summary of the results
Standar DIN ISO 1146! before and after the measurement. The samples were

weighed on laboratory scales of the mark Kern EW N,
Reduction of atmospheric degradation of which work with a measurement sensitivity of 0.@01
recycled PVB by gravimetry water content o o
Polymers materials (including natural polymers) are Table2Resultsof gravimetric water content analysisina
perhaps the most sensitive materials to changgeeimical sample of recycled polyvinyl butyral [14]

structure due to external conditions and the riegult | SamPple Weight | Weight | Gravimetric
changes, especially in physicomechanical and ct#mi¢ before after | water content
properties [13]. The most important factors thigier the analysis | analysis w [%]
chain mechanism of chemical changes in the polymeti My [g] ma [9]

material are UV radiation, heat, the presence pfier and 1. 10.06¢ 10.03C 0.50C
especially ozone [6]. Mechanical stress and posstis 2. 10.03¢ 10.00z 0.50¢
presence of chemicals, especially organic solvestsally 3. 1C.05C 10.01¢ 0.50C

also contribute to the acceleration of chemicaraeation 4. 10.08C 10.03¢ 0.501
processes [7,9]. 5. 10.05¢ 10.024 0.50(

The events that take place in the polymer dueeeeth 6. 10.082 10.04z 0.50C
factors are called the general term degradatioagemng), Average 10.060 10.025 0.500
with a gradual decrease in molecular weight afteiinitial value
phase of degradation and, in the presence of oxggen
ozone, the oxidation of polymer macromolecules. From measurements, we observed that the water

These changes are, of course, undesirable bedaisecontent of a sample of recycled polyvinyl butyrakhan
polymer is usually degraded and polyvinyl butysalno average value of 0.500%. The sample was dried in a
exception [11]. laboratory drying equipment at 60 °C for 24 hours

The water content of the sample was determined l{Jable 3). For this type of thermoplastic, the atisé
gravimetric determination of the water content, ehhi water content is max. up to 1.5%.
represents the amount of water contained in theamsple

[7]. Table 3 Final material characterigtics of recycled polyvinyl
The water content was determined as follow butyral [14]
according to mathematical relations [14]: PVB-polyvinyl butyral, recycled
Formr flakes
w = (mw / md + mw) . 100% 1) Coloul colourles
Size 20-30 mmr
where individual quantities mean: Material purity more thar97%
Impurity conten less tha 3%
w- gravimetric water content [%)] Residual humidit ca. .5%
mw- the weight of sample before analysis, wet sarfgile The proportion of glass less than 2%
mq - the weight of the sample after analysis, drygerfg]. particle conter
3 Results and discussion The test sample meets the prescribed requiremedts a

The six randomly selected samples of recycle ready for further use, given the necessary aealand
polyvinyl butyral were analysed. After the sepamatbf processing capabilities of this type of thermojitast
PVB itself, the waste still contains glass pars¢lehich
reduces the scope of its use. External storageV@® P4 Conclusions
material is not recommended because moisture and |ong since in 2012, the European Commission adopted
ultraviolet radiation generally degrade the prdpsrtof strict government regulations on reducing emissitams
PVB [3,12]. automobiles. The manufacturers make them switdtheto
Also, the possibility of primary PVB pollution yse of lightweight plastics as a substitute foratsetA high
increases [8]. Due to the sticky and soft surfddb@PVB percentage of the use of plastic materials (or corapts)
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is expected in the future due to the growing denfeot
consumers, where weight reduction, low consumpatiuh
conversely, high vehicle performance play an inmgourt
role. With recycled polyvinyl butyral, which we @i
after recycling car parts, we will increase the rexoic
potential of using this commodity on the markettiWhe
eco-design, the manufacturers solve the issuercilar
economy in the design of the final product.
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sample of recycled polyvinyl butyral, we reachedafue
of 1,5%, which means excellent application and @ssing
possibilities for this type of recycled material.

Its most notable features include:
* Toughness;

*  Flexibility;
* Neutral colour (possibility to add colour
pigments);

* Non-conductibility;
» BAT (Best Available Technology).

Recycled polyvinyl butyral can be used as:
e Binder for materials (metal, inorganic, organic,
magnetic);
* Binder for fabrics;
» Matrix for composite materials coatings;
* Adhesives.

By using polyvinyl butyral in various areas of irstity,
we are thus meeting the EU's goals, where susitifpab
plays an important role.

Our next research priority is to increase the shatke
use of recycled PVB in new products, where we witk

following the principles of circular economy andeth 1314]

products will be customized according to customer
demand.
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