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PLASTIC TREATMENT: CONTINUOUS PYROLYSIS
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What do we know about plastic
waste accumulation and disposal?
Facts and figures

In order to promise civilization all kinds of painful
destruction, it is not necessary today to look into the Book
of Revelation. A simple plastic bag hand with a PET bottle
can do that. After all, in the world ocean by 2025, which is 5
years away, a second according to historical concepts,
there will be 3 tons of plastic on every ton of fish - it is 600
bottles for every 10 kg of fish. An island in the Pacific
Ocean, made up entirely of plastic waste [1], covers an
area of about three France [2]. And don't think the plastic
waste in it only floats on the surface: gradually
decomposing, up to 70% of it falls to the bottom, gets stuck
in the depths and it is absolutely impossible to evaluate
how much the Pacific Ocean is lit in this vast area.
Estimates range from 5 to 50 trillion tons - 10 times.
(according to Greenpeace [3]).

Outlook for 2025:

3 tons of plastic on every
ton of fish = 600 bottles for
every 10 kg of fish.

The Great Pacific Garbage Patch

Plastics are an amazing group of materials with a
variety of properties that have long served people. The
invention of the first artificial material, celluloid, dates back
to 1855. The second breakthrough was bakelite, invented
in 1907 by Leo Bakeland. Since then, plastic has
penetrated into absolutely all aspects of human life and has
become absolutely indispensable. And, as usual, he slowly
began to dictate its terms.

Today, plastic takes up 8%\
of all produced oil, half of
which is used for production

and half for recycling [4]. y
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Waste plastic, which amount increases at the rate of
rolling snowball, is poorly recyclable: for example, only 7%
of plastic packaging is recycled using different technologies.
Although, if we analyze these figures, we find that the EU,
for example, sends such waste to low-income countries and
considers it recycled, while the real fate of this waste is
simply impossible to be traced. The champion in plastic
recycling is Taiwan, where the recycling rate of plastic waste
reaches 55%.

And what's for Russia? Russia faced the problem of
plastic waste recycling much later than Europe: in the
Soviet Union paper was used as packaging material much
more often than plastic, and its disposal of was quite well
worked out. There was neither legal framework, no
technology, or even interest in the problem of plastic waste
recycling. Only at the end of the XX century this problem
started to be discussed with regard to the world experience.
In spite of the fact that according to the Solid Waste Journal
plastic waste makes only 6% of the total amount of solid
municipal waste, it is a special type of waste requiring
different approaches by type and by region of formation.
Plastics disposal is a problem, mainly for two reasons: the
diversity and complexity of the chemical composition and
the long period of waste decay.

Types of plastic: which can be
recycled? What do triangles with
numbers mean?

Plastic processing codes - specialized designations of
the material from which the product is made. Labelling,
consisting of identifiers in the form of numbers and letters,
significantly facilitates the process of sorting plastic waste
and its subsequent processing (Table 1). The way of waste
polymer treatment is determined depending on its physical
and chemical characteristics.



Plastic type

} PET/PETE

} Polyethylene

} terephthalate
[
[
[
[
[
|
|
|
[

[
} PEHD/HDPE

} Polyethylene (high
| density)

} Polyvinyl chloride

i LDPE/PEBD
| Polyethylene (low
} density)
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Code

Table 1. Types of plastic

General properties

high heat resistance

clarity&toughness

high melting point of 245 °C

resistance to solvents and corrosive liquids

reuse is not recommended, phthalates can be released
recyclable

excellent moisture and chemicals resistance
rigid and strong

soft waxy surface

permeable to gas

thermally unstable

melting point of 120 °C

low hazard => almost does not emit any harmful
substances

recyclable

can be flexible and rigid

excellent transparency

strong

good resistance to chemicals, grease and oil

sinks in water

as the temperature rises (in summer), turns into a
product and gradually accumulates in the human body
(hormonal balance, reproductive and immune systems)
contains phthalates, Bisphenol A, vinyl chloride, mercury,
etc.

emits dioxins when burned!

non-recyclable!

almost harmless

ease of processing

strong and tough

low melting point of 100 °C
rarely produces formaldehyde
recyclable

resistance to high and low temperatures, corrosive
liquids

strong and tough

high melting point of 160 °C

relatively safe and harmless

emits formaldehyde if inappropriately stored or long
used

recyclable

versatility and clarity

insulation

high melting temperature of 240 °C

refers to carcinogens that adversely affect the
circulatory and reproductive systems, liver and kidneys
at high temperatures emits styrene, a harmful
substance

partly recyclable (restrictions applied)

any plastic item (polycarbonate, polyamide, nylon,
bioplastics, etc.), not made from the above six plastics
use for food purposes is only permitted if it is properly
labeled

releases Bisphenol A, when heated!

non-recyclable!

Common use

} commercially sold water bottles, soft drink bottles,

| sports drink bottles, condiment bottles, high heat
} resistance food trays and roasting bags, medicine jars,

| fibers for clothing
I
\
I
I
[
\
\
\

} milk and non-carbonated drink bottles, grocery bags,
}cereal box liners, construction pipe, furniture, food
| packaging, shampoo and mouthwash bottles,

I
household fences, plant pots

} plumbing pipes, clear food packaging, shrink wrap,
} plastic children’s toys, tablecloths, vinyl flooring,

| children’s play mats, and blister packs (such as for
} medicines), window and door frames, medical
} products, pipes and fittings, wire and cable sheathing,

} guttering, synthetic leather products

i dry cleaning bags, newspaper bags, garbage bags, as
Iwell as “paper” milk cartons and hot/cold beverage

|

| cups, packaging films, bubble wrap, shopping bags,

} frozen food bags, wire and cable applications, highly-

| resistant sacks

T - : : :
| yogurt containers, deli food containers, furniture,

} luggage and winter clothing insulation, bottle tops,
} biscuit wrappers, ketchup and syrup bottles,

} refrigerated containers, plant pots, drinking straws,
I'hinged lunch boxes

Tcups, plate, take-out containers, supermarket meat

}trays, egg boxes, food boxes, fast food trays,
I disposable cups, video cases, packaging foam, coat

\
I hangers and cases

Tn‘iber textiles, cooler bottles, biodegradable plastic,

}toothpaste tubes, reusable containers, etc.
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Methods of plastic waste disposal and recycling

The main plastic waste management methods can be divided into 4 groups:

Chemical
processing

Mechanical
processing (recycling)

The mechanical method — granulation This way
one can process waste film, polycarbonate, low-pressure
polyethylene, polystyrene and polystyrene foam,
polyamide and some others. The method consists of
heating, passing through the extruder, pelletizing and
cooling. The pellets can then be reused in the production
of plastic goods. The disadvantage of this method is that
only lower quality plastic products can be produced from
recycled materials.

Chemical processing (recycling) involves the use
of toxic solvents, which also make "re-creation" of plastic
of original quality impossible. In addition, any chemical
process is critically dependent on the homogeneity of raw
materials, which is difficult to achieve in regard of waste.
Sorting facilities are needed.

The advantages and disadvantages of such a
method as burial are somewhat inappropriate even to
discuss. This method of the day before yesterday,
unfortunately, is still widespread today due to its relative
cheapness for the present, but in the near future it will
play out much worse dangers than other methods.

Thermal methods, divided into incineration and
pyrolysis, are also widely used for plastics recycling. The
advantage of incineration is in its "omnivores" and
reduction of the initial volume of waste, especially for
plastics with a considerable calorific value (of course, the
calorific value of different types of plastic differs
drastically). With a modern, high-quality gas cleaning
system, incineration is still widely used today, for example,
Germany incinerates up to 60 percent of its plastic waste.
A surge of plastics incineration was observed between
2000 and 2016 in Europe, where the amount of plastics
burned increased by 61%. In China, there are 231 large
incineration plants and, accordingly, the share of
incineration is also high. However, a demeaning waste of
a sufficiently valuable secondary resource is unacceptable
today.

Pyrolysis implies heating raw materials in the
absence of oxygen and decomposing polymer chains
without their oxidation. It is a rather promising method,
which affects the environment to a less extent than
incineration or chemical recycling do, but it has one
Achilles heel - low productivity. Almost all pyrolysis
technologies available on the modern market still have a
periodic or semi-continuous principle of operation, which is
associated with the difficulty of sealing the process.

However, new and improved technologies are being

Thermal methods
(incineration,
pyrolysis)

Disposal
(burial)

actively developed in this area, which will make pyrolysis
safer and more productive.

However, new and improved technologies are being
actively developed in this area, which will make pyrolysis
safer and more productive.

The TDP-2 continuous
pyrolysis rotary furnace is the
perfect solution for plastic waste
recycling.

SIZNVAN >

Pyrolysis plant TDP-2 with rotary furnace

IPEC company, already well known for its
continuous pyrolysis plants for hydrocarbon waste TDP-2
of various capacities, has developed a new continuous
pyrolysis technology for recycling various types of
plastics:  polyethylene, polypropylene, polystyrene,
polyethylene terephthalate, polyamide and some others,
except for polyvinyl chloride, which contains chlorine.
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The plastic waste from the feeding container is fed
to the shredder and then to the extruder, where it is
heated and melted to a paste-like state. The raw
material is then fed into the reactor, which is heated by
pyrolysis gas burners generated during the reaction. In
the reactor, due to the rotation of the furnace, the raw
materials are evenly distributed on the walls and
decomposed in the absence of oxygen.

Then the steam-gas mixture passes through the
pyrolysis gas filter, where it is cleaned of heavy
components and mechanical impurities (ash) and enters
the catalytic column, which prevents the formation of
paraffins.

After steam-gas mixture it is fed into gas-liquid
separator, where it is separated into liquid and gas
phases. Liquid - pyrolysis fuel - is discharged into
finished product storage tank. The pyrolysis gas is fed to
the burners through a gas drying column, where the
residual water vapor is separated, through a filter and a
gas compressor.

Dry carbon residue is continuously removed from the
reactor by means of automatic ash removal system to the
ash collecting hopper.

The flue gases from the furnace, which do not
contain any harmful impurities, are extracted by the
smoke extractor into the chimney and released into the
atmosphere. If the temperature of the flue gases exceeds
the allowable temperature according to the standards, it
is provided either dilution with atmospheric air or,
optionally, a heat recovery unit.

Capacity of the Complex

9 1000 kg

plastic waste per hour

The main advantage of the IPEC process is its
continuity. The pyrolysis technology supplemented with a
catalytic unit is the most promising thermal technology of
plastic waste disposal available today. It has only
one important requirement - the urgent need to
seal the reactor and strict insulation of the process
from the environment.The penetration of atmospheric
air into the process immediately leads to an
emergency situation. Fortunately, IPEC has long known
how to secure equipment and personnel, the trouble-
free operation of TDP-2 has been confirmed by many
customers.
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