CHAPTER 1
GENERAL INTRODUCTION

1.1  Polymer recycling

Polymer recycling is the processes of recoverimgpiblymer scrap or waste and
reprocessing the material into useful products thil can be completely different in
form from their original state. Recycling of thogmlymers especially synthetic
polymers such as plastic is good for the envirortim@astic is bad for the environment
because it takes hundreds of years to biodegradéhdfmore less money is spent on
using more resources to make plastic, and lesggnerused to make newer plastic,
which saves the economy some money. However thelieg process can be costly
and difficult because of constraints on waste aomtation and inadequate separation
prior to recycling. Another barrier to recyclingtiee widespread use of fillers, dyes and
other additives in the synthetic polymer. The pdadyms generally viscous to

economically remove fillers and would be damagednayy of the processes.

1.2  Recycling methods

Polymer waste can be recycling by mechanical réoyclin the mechanical
recycling of plastics this process involves a numbk operational steps which are
separation of plastics by resin type, washing toawe dirt and contaminants, grinding
and crushing to reduce the plastics’ particle szé&usion by heat and reprocessing into
new plastic goods. This type of recycling is mairdgtricted to thermoplastics because
thermosets cannot be remoulded by the effect of. Adas process is limited by the
compatibility between the different types of polysePresence of a polymer in a
matrix of a second polymer may change the propeate hinder the possibilities to use

it in the conventional applications. In additionpsh polymers suffer certain degradation



during their use due to effects of temperaturgauiblet radiation oxygen and ozone.
Therefore recycled polymers exhibit lower properiend performances than the virgin
polymers and are usually useful for lesser valugliegtions. Chemical recycling of
plastics, also referred as feedstock recyclingaigeld on the decomposition of polymers
by means of heat, chemical, or catalytic agenyiétd a variety of products ranging
from the chemical monomers to a mixture of compaunidh possible applications as a
source of chemicals or fuels [20]. There are feterahtive methods in chemical
recycling such as hydrogenation, gasification, doamdepolymerisation, thermal
cracking and catalytic cracking and reforming. he thydrogenation method, the
polymer is degraded by the combined actions of,hkgtirogen and many cases
catalysts. Gasification is a process where plagtistes react with oxygen and/or steam
to produce synthesis gas which is carbon monoxit® feydrogen gas. In chemical
depolymerisation, plastic wastes react with cerdg@ents to yield the starting monomers
while in thermal cracking, plastic wastes are degoosed by the effect of heat in an
inert atmosphere. In catalytic cracking and refagnmethod the polymer chains are

broken down by the effect of catalyst, which proencleavage reactions.

1.3  Poly(ethylene terephthalate)
Polyethylene terephthalate which is commonly abbted as PET is a
thermoplastic polymer resin of the polyester fanaihd consists of polymerized units of

the monomer ethylene terephthalate, with repeaigbsO,4 units.
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Figure 1.0 Repeating unit of PET.

PET is considered as one of the most importantneeging polymers due to rapid
growth in its use. It is regarded as an excelleatemal for many applications. It has
excellent tensile and impact strength, chemicastasce, clarity, process ability, colour
ability and reasonable thermal stability.

PET products are widely used in the manufacturehigh strength fibers,
photographic films and food packaging especiallyt-dank bottles for replacing
poly(vinyl chloride) and glass bottle. However besa of its high resistance to the
atmospheric and biological agents [1], the dispo&al large number of PET bottles has
caused serious environmental problems [2]. The MR bottles are discarded by the
consumer after use and become PET waste. In tigelireg industry, this is referred to
as ‘post-consumer’ (postc-PET) bottles. The po&g-Recycling industry started as a
result of environmental pressure to improve wasémagement. The other aspect that
acts as driving force for PET recycling industryhiat PET products have a slow rate of
natural decomposition. PET is a non-degradablgiplasnormal conditions as there is
no known organism that can consume its relativalgd molecules. Complicated and
expensive procedures need to be operated in ayd®HET to degrade biologically.

Since the postc-PET can find a secondary usagewasresources in different
polymer productions, a lot of scientific work ha=elp done on the development of new
methods for recycling of postc-PET. This can ecoicaillty reduce the PET waste. On

the other hand, as the price of virgin PET rematable, cheaper technologies for



recycling PET give an added value to the PET reéogdhdustry by providing industry

with relatively cheaper PET.

1.4  Chemical Recycling of PET

Recycling processes are the best way to reduce-p&st waste. In view of the
recent sharp increase in the price of petroleura, dbst of PET products has also
increase significant. Recycling PET has become mattactive, leading the
development of new technologies. Currently, PETI&sthave become one of the most
valuable and successfully recyclable materials.

Generally in recycling of PET, there are two wayatthave to be differentiated.
First is mechanical recycling where the originallypter properties are being
maintained. This process consists of the collectaisintegration and granulation of
waste PET followed by their recirculation into puotion. The other way is chemical
recycling, where the PET will return back to thdtiah raw materials purified
terephthalic acid (PTA) or dimethyl terephthalaWV(T) and ethylene glycol (EG)
where the polymer structure is change completetyjnointermediates like bis-3-
hydroxyterephthalate.

Processes of chemical recycling of waste PET iraala few methods such as
methanolysis, glycolysis, hydrolysis, ammonolysasninolysis and other processes.
Methanolysis is the degradation process of PET bthamol at high temperatures and
under high-pressure conditions. The products olaeendimethyl terephthalate (DMT)
and ethylene glycol (EG) which are raw materials tlee production of PET. This
process is used by large PET manufacturers judbashst (Brandrup, 1975) , Eastman
(Mush et al., 1992) and DuPont (Firm booklet, 1988)well as lesser manufacturer

(Kapelanski et al., 1995), quoted by Paszun €18B7).



Glycolysis degradation is carried out most fredlyensing ethylene glycol [3-
5], diethylene glycol [6, 7], triethylene glycol][&nd propylene glycol [9, 10]. The
process is conducted in a wide range of tempemafuren 180-250 °C [1-8] and various
reaction times. Hydrolysis can be performed in aaldaline or neutral condition. For
acid hydrolysis, concentrated sulfuric acid is treatly used while alkaline hydrolysis
is usually carried out with the use of an aqueanisti®n of NaOH [11, 12] of a
concentration of
4-20% [1]. Water or steam is used in neutral hygiisl [13] where the process usually
runs at a pressure of 1-4 MPa at temperature of3R00°C. The other method of
chemical recycling of PET is aminolysis. This preg@sually carried out using primary
amine aqueous solutions in the temperature rang-df00 °C and deep aminolysis
yields corresponding diamides of TPA and EG [1]AT&mide is produced by the
reaction of anhydrous ammonia on PET in an ethylgiyeol environment under
ammonolysis process [14]. It was carried out uralgressure of about 2 MPa in a
temperature range of
120-180 °C for 1-7 h.

All of these processes have both advantages arabwdistages. However,
chemical glycolysis method makes it possible to lesnpery low amounts of reactants
as well as application of lower temperatures anglsgures in contrast with other
methods such as supercritical methanol and thedegriadation while, hydrolysis under

acidic or basic conditions may cause corrosiongoildition problems.

1.5  Production of PU foam from recycled PET
Under the chemical glycolysis, past researchs Isaggested the synthesis of
unsaturated polyester (UP) from PET waste [7, 9,abfl investigated the kinetics of

glycolysis on several glycols. Moreover, glycolys€&ET find application in the



manufacture of polyurethane foams [16] and polysocrate foams [17]. Little of
literature concerning polyurethane synthesis frolT Pwaste has appeared. The
literature mostly deals with rigid foams and poBtivane elastomers made by using
ethylene glycol [16]. Method in producing foam wa@sveloped by using a mixture of
polyols. This creative way successfully diversifitmhm characteristics for various
applications and that is the reason why using potyixtures in the preparation of

polyurethane foams is already known [18, 19].

1.6  Scope of work

The PU industry has been growing over 7% p.a.Herast 15 years and even in
times of economic recession has maintained itsajlslles. In PU chemistry, the
predominant reaction involves partners of the iaoeyes and polyols. There are two
main classes of commercial polyols currently usedtiae polyesters and the polyethers
which have —OH terminals and both of the polyoks arade from chemicals derived
from petroleum, which are not sustainable and rapidly diminish.

At the same time, the use of PET bottles is widemsgrcausing the post-
consumer PET bottles to increase rapidly. Therefive recycling of PET through the
glycolysis process and producing a new polymer ftioenglycolysed PET, will not only
serve as a partial solution to the solid waste lprabbut also contribute to the
conservation of raw petrochemical products andgngt].

This work has investigated the use of PET glycalybg glycerol to produce

PET waste-based polyols for making new polyurettsyséem for various applications.



Objectives:

To recycle postc-PET bottles by glycolysis method
Waste of postc-PET bottle is glycolysed using gigteThe influences of
glycolysis time, glycolysis temperature and theiegjent weight ratio of PET to

glycerol 9amount of glycerol) on glycolysis conversare presented.

To synthesize polyols from the degraded materials
The reaction time and temperature of glycolysis amimized and the
glycolysed PET are further analysed for its hydiaalue, acid value, FTIR and

NMR.

To develop a new polymer (PU foam) from the wasttemials
The glycolysed PET is used as a raw material iningaRU foam after some

modification to produce the semi-rigid foams.
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