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The recycling of polyethylene terephthalate (PET) in-house waste is as old as the polymer is produced at industry scale.

1. PET Recycling — Introduction Zero Waste Technology (ZWT) concept

During the “DMT-period” from 40 to mid 80t last century a large number of the PET producer and especially those producing
DMT at the same site the PET waste recycling by methanolysis and purification of raw-DMT by vacuum distillation
was quite normal and widespread.

With the change from DMT to PTA during 80 and 90t of last century the DMT processing plants disappeared step by step and
with this the possibility to use the methanolysis as recycling process directly at site of the PET-producer.

Other processes like BOPET production or PA6 production must have an internal polymer recycling otherwise these processes
would be completely uneconomical (BOPET ~ 20% side stream/mill roll/slitter waste, PA6 10% + CL from depoly.
for recovery)

As example: Decisive for the BOPET material circuit are
~clean room conditions
~direct processing of side stripes
~avoidance and if any separation of polluted floor scrap
~all equipment for recycling/recovery is inherent part of plant design and engineering

The impact of internal recycling circuits like the example of BOPET (virgin pellet IV + R-PET IV = lower IV-level)

or the total MEG recycling (slightly increased b-value and reduced L-value of resin compared to 100% virgin MEG input) has to be
taken in consideration — is matter of intensive monitoring and control during ZWT development and introduction

SEMINAR

COPY RIGHTS PROPRIATORY TO: Dr. Thiele Polyester Technology; FOR INTERNAL USE ONLY



DR. TH I‘Ely
POLYESTER TECHNOLOGY

Internal waste rates of ~ 0,5 — 2% in PET fiber and filament production and missing over all concepts to reuse the unavoidable
occurrence of processing wastes had been the obstacle till now to introduce efficient and compelling equipment,
process and handling of in-house waste to establish ZERO WASTE concepts.

Despite PET melt phase technology and textile polyester production had been significantly improved by know how and
equipment during the last 20 years the occurrence of production PET in-house-waste could not be abolished
completely so far.

To minimize waste we have at the one side in many of polyester plants

total MEG recycling

melt filter operation cycle > 1 month

spin-pack live time > 100 days, wiping time > 6 days

planned and predictive maintenance (filter, melt pumps, spinnerets)

POY brake rates of < 0,1/ton

DTY brake rates of < 10 /t

highly automated doffing, bobbin transport, bobbin inspection and transportation
automated spin tow can and creel operation

SF spinning/stretching/crimping/cutting/baling waste < 10 kg/t

automated baling/bale transport and storage

SEMINAR

COPY RIGHTS PROPRIATORY TO: Dr. Thiele Polyester Technology; FOR INTERNAL USE ONLY



DR. TH I‘Ely
POLYESTER TECHNOLOGY

There are at the other side
power cuts caused by internal or external power grid malfunction (different levels)

equipment malfunction

unavoidable and process related waste (change of filter, spinneret, melt pump, die, yarn guides,
oiler; spinning-start after breaks, short bobbins, damaged bobbins to name important sources)

human made handling failures
Finally a modern polyester filament or fiber mill is producing an unpreventable amount of 0,5 — 1% waste.

The continuously growing capacity of filament and fiber production plants is vitalizing the discussion to introduce ZERO WASTE
TECHNOLOGY (ZWT)

A filament and fiber production facility of 300 000 t/a capacity (~ 820 t/d) operating several filament and SF-lines is producing
about 8 t waste per day and about 3000 t/a which represents converted to POY or SF output a substantial amount

money.

Introduction of ZWT in polyester filament and fiber production is also dependent on kind and number of spinning plants at one
production site:

As higher the production capacity and number of different spinning mills at one production site as
better the chance of successful introduction of ZWT.
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2. Discussion of different perspectives/problems about ZWT
~ The investment phase

Planning to set up a new PET filament or fiber plant the investor is comparing several offers of different vendor/engineering and
deciding for this or another offer — most of the time for the offer of “best price”

Large PET producer especially in China are hiring experts who are providing technical know how which is base of internal design
and engineering — ZWT in this set up no issue.

In the most rear events the internal recycling is part of the project, waste is mainly treated like always — sold to external
recycling companies.

Responsibility of waste handling, -infrastructure, -processing equipment, -organization and — management at side of producer.
~ The plant management

The bar for success of the plant management is the output percentage of 1-A-quality, customer satisfaction and smooth
operation.

The internal recycling is recognized for the plant manager / operator as danger with the following arguments:

~ internal recycling is spoiling/pollute the high purity of raw materials
~ percentage of Q-1A will be reduced, break rate will increase...
~ more man power and more internal attention required > more work + more trouble and
discussion with the staff
~ the lower the management level the higher and more severe are the concerns against ZWT
(here: examples from the rescent past)
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3. Main focus of fiber in-house recycling is keeping all kinds of waste clean
~ Waste collection

Waste handling difficulties in most of the spinning mills are based on the psychological effect, that waste is an unwanted / not-
liked material.

As an unavoidable evil the plant operator are sometimes missing attention regarding clean waste treatment and handling.
The antagonism to produce as less as possible waste but clean as high as possible is sometimes difficult to resolve.
Therefore it needs

~efficient/adequate equipment/high inner cleanness standard (comparable to clean room conditions)

~separation of plant areas in “WHITE” and “BLACK”

~tools and clear instruction to treat waste like a “high quality raw material”

~adequate storage and transport space

Main target is to avoid floor touch and open floor storage of waste.

All waste needs at its source the collection to covered or sealed waste bins , boxes or bags. In case floor scrap is unavoidable
frequent floor cleaning is mandatory.

The production records which are published in the production rooms on display boards should contain all information about
waste generation and especially about the rate and amount of clean and direct recycled polymer.

ZWT is forcing the staff to more attention and quality awareness = general increase of quality level
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~ Sources of waste generation (example POY direct spinning):
Following the product-flow-direction the following wastes appear:
~ polymer solid lumps occurring during frequent central melt filter candle change
~ polymer solid lumps occurring during spin pump change
~ polymer solid lumps occurring after spin pack/spinneret change
~ polymer solid lumps occurring after die wiping and re-start of spinneret
~ filament waste non-stretched (free fall), without spin finish, spinneret re-start, spinning breaks
~ filament waste stretched, containing spin finish, re-start spinning position
~ filament waste stretched, containing spin finish, all kinds of damaged bobbins or yarn

~ filament waste stretched, containing spin finish, all kinds of yarn off-cut from bobbin cores

In the same way staple fiber lines or texturing mills are clear structured with exactly defined kinds of waste and wate sources.
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~ Waste handling and logistics
During inspection of many different polyester and polyamide spinning mills within last 25 years it was clearly to observe, that
waste handling and waste logistic was in majority of companies not part of original plant design,
most of the time professional designed and executed waste collection, waste storage and transport tools/internal logistics
are missed
- waste handling and logistic is often recognized as a bothersome duty and burden.
With the target of total waste recycling all kind of production scrap is becoming raw-material of high value requiring for
~ clear definition of all waste sources/origins
~ supply of waste handling instructions
~ supply of waste collection equipment
~ supply of waste transport equipment
~ supply of waste storage equipment
~ release of clear waste processing instructions

As design suggestion:

Such equipment should be designed to handle up to 5% of the plant production capacity to cover periods of unexpected losses
of production and facility malfunction.
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4. Different approaches of in-house waste recovery
4.1 Reuse as polymer by mechanical recycling

Closed polymer circuit or total polymer recycling — how BOPET film producer are doing total waste recycling

Like total recycling within the melt polycondensation line where all occurring side streams are direct recycled nowadays , the
same target is on the agenda of a modern spinning mill.

As archetype of total recycling one should have a look at latest continuous production of biaxial oriented PET film.

In the former time the unavoidable scrap from edge trimming was transported to a waste-film mill and the so produced fluff was
fed to an intermediate storage silo.

At the same time all other scrap coming from film breaks (floor scrap), off-grade mill rolls and off grade film rolls was also fed to
this film cutter. As next step the film fluff was fed to re-granulation unit.

The so produced amorphous re-PET resin pellets have been dosed to the virgin film PET — see sketch of slide 8

Latest technology of internal film recycling applying decentralized film cutters, the majority of about 20%
fluff from edge trimming is fed without intermediate storage or pelletizing to a degassing extrusion device from where the
melt is going directly back to the main extruder.

Mill roll and floor scrap is converted to fluff which is fed in parallel in a certain feeding ratio to the edge trim fluff — see sketch of

slide 9. Re-using the floor scrap requires highest cleanliness standards which is fulfilled by the “Clean Room Technology”
standard
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Virgin PET resin

R-PET resin

Solid waste from filter exchange and line re-start
MDO-waste during film break or re-start

TDO waste during film break or re-start
Off-grade mill rolls
All kind of floor scrap

Figure 1: Example sketch of process recycling during BO-PET production — old technology

About 5% of throughput

Cutter Filter  Extruder

COPY RIGHTS PROPRIATORY TO: Dr. Thiele Polyester Technology; FOR INTERNAL USE ONLY

Waste from edge trimming
about 15 - 20%
of throughput

Central Film cutter



DR, THIEI.“
POLYESTER TECHNOLOGY

Figure 2: Example sketch of process recycling during BOPET production — latest technology

Virgin PET resin

MDO inding

Melt filtration Waste from edge trimming
About15 - 20% of throughput

Direct conveying of film fluff

Edge trim cutter

Solid waste from filter exchange and line re-start | About 5% of throughput
MDO-waste during film break or re-start
TDO waste during film break or re-start
Off-grade mill rolls

All kind of clean room floor scrap
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The transfer of this BOPET direct recycling concept to textile polyester production is stepwise and partially possible today.
All required hard ware/processing equipment together with the belonging know how is available in the market .
Hurdles to overcome are:

~ Large distances between waste sources and back feeding to extruder / melt pipe / poly-reactor

~ Waste sources scattered cross a large area (poly plant spinning mills)

~ Large number of different waste shape / appearance / density / handling

~ Partially contamination with water and spin finish

~ Risk of unintentional contamination
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Stand alone recovery POY spinning lines

One textile waste recycling approach is to process the collected waste partially or in total on especially dedicated recycling
spinning lines.

In this case all collected waste is converted to pellets which are after sufficient blending processed via extrusion spinning to
heavy titer / coarse POY filaments or to standard staple fiber.

Another outlet for such R-PET pellets could be spun-bond / nonwoven.

Side stream feeding of R-PET melt

Another approach is side stream feeding/blending of recycled PET melt to continuous direct spinning lines.

To circumvent the costly and ineffective recycling via re-pelletizing the direct conversion of waste to spinning
melt is useful.

Prerequisites are high efficient removal of spin finish and moisture, lowest possible IV-drop during melt processing, effective
removal of impurities by melt filtration.
Advantages of mechanical recycling:
~ high flexibility
~ feeding of r-PET to dedicated spinning line SF or coarse and insensitive POY titer
~ minimized risk

Disadvantage:
~ Useful for large textile PET production sites

COPY RIGHTS PROPRIATORY TO: Dr. Thiele Polyester Technology; FOR INTERNAL USE ONLY



DR. TH I‘Ely
POLYESTER TECHNOLOGY

4.2 Partial glycolysis and re-polycondensation
Differences to mechanical recycling:
~ flexible regarding feeding rate (within a certain range, e.g. 0,5 — 2 % of poly capacity)
~ collected polyester waste is downgraded/glycolyzed by melting/extrusion in presence of MEG

~ partially degraded polyester of low IV (0,2 — 0,4dl/g) depending on MEG content and reaction
time

~ by application of vacuum extrusion prior MEG addition efficient removal of spin finish
~ low melt viscosity < 100 Pas

~ fine filtration down to 10 um of this melt possible

~ feeding this melt prior the finisher back to the polycondensation line.

Different to partial glycolysis by extrusion in presence of MEG some polyester producer are adding r-PET pellets to the
esterification vessel.

- advantage is the simple equipment and processing , disadvantage is the long residence time of occasionally present
impurities over the whole reaction time of polymer synthesis
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Table 1: Theoretical MW-degradation by partial glycolysis correlated to feeding amounts of H,0,
MEG, DEG and TEG

MW IV (dl/g) Feeding EG Feeding DEG g/h | Feeding TEG Moisture
g/h g at 1000 kg/h g/h without
at 1000 kg/h g at 1000 kg/h | feeding

addive

25 000 0,769 = IV-0 0 0 0 0

24375 |0,753 124 212 304 36 ppm

23750 |0,736 248 425 601 72 ppm

21 875 0,686 645 1061 1502 180 ppm

18 750 0,601 1241 2122 3 004 360 ppm

12 500 0,584 2482 4244 6 007 720 ppm

6 250 0,348 4 965 8 488 12 014 1141ppm

From different experimental work it is known, that glycolysis reaction is going in two steps, a fast initial phase (may be
triggered by the presence of moisture traces) and a slower second phase.

To achieve the complete conversion of PET+MEG (or other diols) the reaction should be continued under pressure for
5 — 20 min. In case of partial glycolysis by extrusion it is recommended to add prior filtration a melt pipe of the

desired volume/residence time.

Higher MW diols are less reactive. Addition of small amounts of transesterification catalyst could support conversion.
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Figure 3: Partial Chemical Recycling by feeding PET pellets/flakes or powder,
PET melt or partially glycolized PET to a conventional PET-process

Metering Pump

pellets/flakes
direct feeding

feeding of partially glycolized PET or
PET melt

Filtration Cascade

feeding of partially glycolized PET or
PET melt

feeding PET melt (special case)

Source: U. Thiele; Polyester Bottle Resins, Production, Processing, Properties and Recycling
PETplanet print Vol 5, 2007
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4.3 Waste handling and storage

Difficulty of waste handling and storage is at first and foremost its broad range of physical nature like small lumps, large lumps,
loose and low density bulky filaments and dense packed filaments.

Especially waste of textured yarn is of low bulk density.

To increase bulk density of low bulk density waste different methods are useful like bale pressing or thermal pressing in
presence of superheated steam.

Another way to increase bulk density is the direct agglomeration by applying for instance PALLMAN or CONDUX or adequate
agglomeration devices.

Handling problem of all wastes of endless filaments and fibers is the danger of un-controlled wrapping on all kind of rotating
machine parts.

One way out is converting all endless filament / fiber waste directly to long staple waste by guillotine cutters or short fiber fluff
by milling.

If there is not a direct conversion of waste at generation point by shredding, compacting or cutting it is recommended to collect
and store all types of waste separated by material types / waster source
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4.4 Waste recovery process steps

Grinding/ Cutting

To further processing all kinds of solid melt lumps heavy solids crusher or shredder are used.

Available is such equipment for instance from Herbold (www.herbold.com), Pulian (www.granulator.com.tw/) or Weima
(www.weimaamerica.com).

For fiber and filament comminution several principles are useful which are milling (Herbold), or QSPXMEC Ltd.
(www.chinagdj.com) , guillotine cutting by Pierett (www.pierret.com) or universal shredding by Vecoplan (www.vecoplan.com)

Compacting /Agglomerating

Especially the bulky fiber and filament waste needs to be reduced in volume.

After cutting the fibers to fiber fluff a compactor is treating the fiber material under high friction to reach a certain plastization
and size reduction.

Volume reuduction by friction compacting

Equipment for compacting is coming from for instance from Pallmann (www.pallmann.eu) Herbold (www.herbold.com) or
Salmatec (www.salmatec.de).
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Re-pelletizing
To feed the collected polymer waste back to melt spinning it is necessary to melt it by extrusion.

Old and state of the art is an intermediate pelletizing to clean the melt by filtration and to assure quality grade separation and
blending.

Direct conversion of compacted waste

To circumvent the costly and ineffective recycling via re-pelletizing the direct conversion of waste to spinning melt is useful.

Prerequisites are high efficient removal of spin finish and moisture, lowest possible IV-drop during melt processing, effective
removal of impurities by melt filtration.
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Re-pelletizing main problems: Chain destruction of the polymer - IV loss and removal of spinning oil

General issue of all thermal recycling processes is the danger of polyester destruction by hydrolysis.

Especially all fiber waste is containing spin finish and with this a high moisture content. The spin finish content in POY-waste is in a
range of 0,3 - 0,5%.

To reduce the impact of moisture content a sufficient way is extrusion under vacuum.

There are meanwhile several multi screw extruder provider which are offering fiber waste extrusion under vacuum like for instance
Coperion twin screw extruder (www.coperion.com) or Gneuss multi screw extruder (www.gneuss.com) .

The impact of moisture during extrusion see item 5.

Same important than removal of moisture is the removal of all kind of spinning oil, which is containing besides mineral oil (white oil)
a broad variety of different esters (from carbonic and phosphonic acids).

Boiling point of those non-aquoeous compositions is above 100°C.
The complete removal of spin-finish needs highly efficient vacuum treatment of the PET-melt.

Waste during PET bottle resin production

There are much less sources of PET-waste during PET bottle resin production compared to fiber/filament mills. Main sources are
~ lumps from melt filter change

~ cutter waster (blocked water separator, knife problems, cutter change)
~ dust from all kind of dust removal devices after conveying
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Waste during PET bottle resin production

There are much less sources of PET-waste during PET bottle resin production compared to fiber/filament mills.

Frequently sources are:
~ lumps from melt filter change
~ dust from all kind of dust removal devices after crystallizer and conveying
~ filter cutter water
~ purging melt after cutter change

Waste by malfunction:
~ cutter waste (blocked water separator, knife problems)
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5. Molecular weight (V) change of polyethylene terephthalate (PET) during mechanical recycling rocesses

5.1 Intrinsic Viscosity (V) as important PET quality feature
~ IV-ranges of polyester raw materials and intermediates/waste — general outline
~ IV-changes during PET-flake processing

5.2 Comparison of processing impacts to IV
~ PET Flake production
~ Extrusion, single screw, multi screw
~ Solid state polycondensation
* pellets

* flakes
~ Melt phase polycondensation

5.3 Technology and process examples
~ EREMA
~ GNEUSS
~ NGR
~ PRO-TEC (former OHL)
~ PHOENIX
~ POLYMETRIX (former BUHLER)
~ SB PLASTIC MACHINERY
~ STARLINGER

5.4 Summary
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5.1 Intrinsic Viscosity (IV) as important PET quality feature

The molecular weight expressed by Intrinsic Viscosity (IV) is base of mechanical properties like tensile strength, elongation at
break, flexural strength and elasticity modulus for intermediates and products based on polyethylene terephthalate.

During melt phase polycondensation as well as during solid state polycondensation (SSP) the final IV is directly correlated to
reaction time and with this to plant capacity and so fundamental for the process economy.

Therefore losses in IV during processing are always losses in money/value or vice versa maintaining or upgrading of IV is base of
process profitability .

Table 1 is providing an overview about IV-ranges of polyester raw materials and intermediates, whereas the intermediate products
are the input materials for any recycling process.

Looking at IV-changes during PET-waste processing we can distinguish the following technologies:

# bottle flake/fiber waste production by bottle sorting, grinding, washing, flake sorting no IV-change

# bottle flake drying and/or solid stating under dry atmosphere or vacuum no IV-change till IV-gain up to 0,20 dl/g
# bottle flake/fiber waste re-pelletizing after drying (PET standard process) IV-loss ~ 5%

# bottle flake /fiber waste re-pelletizing applying vacuum extrusion IV-loss 7 - 10%

# bottle flake / fiber waste melting and polycondensation IV-gain upto 0,30dl/g

COPY RIGHTS PROPRIATORY TO: Dr. Thiele Polyester Technology; FOR INTERNAL USE ONLY



DR, THIEI.“
POLYESTER TECHNOLOGY

Table2: IV-ranges of polyester raw materials and intermediates/waste

Melt blown 0,55 -0,60 0,54 -0,58 Identic to product IV
Bottle grade base resin 0,55 -0, 65 0,70 -0,90 Identic to product IV
Low MFI engineering plastics 0,56 — 0,60 0,55-0,59 Identic to product IV
Staple fiber 0,60 -0,64 0,58 -0,62 Identic to product IV
Spunbond 0,60 -0,70 0,58 - 0,65 Identic to product IV
BOPET-film 0,60 - 0,65 0,58 - 0,62 Identic to product IV
Filaments POY, DTY, FDY,HOY 0,64 — 0,66 0,61 -0,64 Identic to product IV
BCF-yarn 0,68 -0,75 0,65-0,73 Identic to product IV
Cast-film / APET-film 0,68 —0,85 0,65-0,82 Identic to product IV
Strapping 0,70 -0,90 0,68 - 0,85 Identic to product IV
Flat water bottle 0,70 - 0,80 0,68 -0,75 Flakes ~0,70....0,75
Technical yarn (HMLS) 0,85 -0,90 0,78 -0,85 Identic to product IV
CSD-bottle 0,80 -0,90 0,80 -0,86 Flakes ~ 0,80.....0,83
Tire cord 0,90-1,05 0,85 -0,95 Identic to product IV
Engineering plastics 0,90 -2,00 0,85 -1,50 Identic to product IV
Monofilament 1,2-2,5 1,00 - 2,00 Identic to product IV
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5.2 Comparison of processing impacts to IV

~ PET flake production

Under normal and common conditions the treatments like cutting, washing and etching which are taking place within a
temperature range between 20 and 100 Deg. C don’t impact the molecular weight. Caustic etching at elevated temperature is
removing some polymer from the flake surface but the overall IV remains unchanged.

~ Fiber waste procerssing
Cutting and milling no impact to IV, compacting by shear deformation at T > Tg minimal IV reduction

~Extrusion, single screw, multi screw
Extrusion processes have the potential to change the IV within a lager range. Most of the time the MW degradation is caused by

hydrolysis, mechanolysis (mechanical induced free radical reaction) or thermolysis.

Most important here is the hydrolytic degradation. In figure 4 there are some typical degradation examples collected (conditions
280°C, residence time < 10 min)

Figure 4: Graph theoretical hydrolytic degradation of PET at 280°c

IV ~DROP

(gl .. Jo— Not to neglect during extrusion is polymer chain
T e e e scission caused by high shear which is most of the time
MR - also connected to local overheating.
0,06 | I(=1.E?‘1{J—Lr -
oo | ok Optimal screw design and heating technology will
UZ: I _ e minimize this kind of degradation.
j: .Ff,___*; S - For twin screw and multi screw extruders the
) parameters vacuum and surface renewal are of
05 08 07 08 09 importance.
IV ~START (dlig)
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The extrusion of PET applying double screw extruders is standard technology meanwhile.

To minimize IV reduction an input humidity of < 500 ppm and vacuum of < 5 mbar are prerequisites to achieve a minimum IV-drop
(guarantee figures are most of the time IV-drop < 7%).

Multi screw extruders like the MRS of Gneuss achieving the same IV-drop at input humidity of 5 000 ppm and vacuum of 20 mbar.

~ Solid state polycondensation (SSP)
* pellets

The SSP of pellets is a standard technology. IV-build up is free selectable within a broad range. Common IV-build up is between 0,1
and 0,3 dl/g.

Besides IV increase SSP is providing the advantage of intensive removal of all kind of organic impurities (challenge test). Typical
process conditions are under dry air: up to 180°C, under nitrogen: up to 230 °C at residence times up to 10 hours depending on
desired IV-build up. Standard pellet size/weight is 15 — 17 mg/pellet.

* flakes

The SSP of PET bottle flakes is providing the advantage of a large surface/volume ratio or with other words a short diffusion length
from center to flake surface.

This provides compared to pellet SSP significantly reduced reaction time or satisfactory reaction progress at moderate
temperatures/vacuums. Decontamination is also improved.

~ Melt phase polycondensation
Recently introduced PET recycling processes are going back to the IV-build up by melt phase polycondensation.

Typical reaction conditions are 280°C, 1 mbar under intensive surface renewal, residence time very much dependent on surface
renewal between 20 and 100 min for IV-build up between 0,05 — 0,3 dl/g.
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5.3 Technology and process examples

~ EREMA — VAKUREMA ® (source of pictures : http://www.erema.at/assets/pdf/produkte_neu/VACUREMA_Bottle to_Bottle 201
3 09 _EN.pdf?utm_source=newsletter&utm_medium=e-
mail&utm_campaign=vacurema_general)

The VAKUREMA ®process benefits from the thermal processing of PET flakes under vacuum, where moisture removal, removal of
volatile organic impurities and IV-lift up are taking place at the same time and prior the melt processing step.

Reaction progress is supported by PET-flake dimension
of high surface : volume ratio and with this short
diffusion length. The treatment under vacuum is semi-

(feeding system nat shown)

PET Flake PET Flake
L - continuous applying alternate operating vacuum
pretreatment vessels. As one can see from the graph
e i beneath the 1V-build up depends on vacuum reaction
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~ GNEUSS Kunststofftechnik GmbH

GNEUSS offers two systems meanwhile which are relevant in terms of impact to the molecular weight of PET during melt phase
processing. Figures courtesy by Gneuss (www.gneuss.com)

The well known GNEUSS Multi Rotation System (MRS) is able to process PET-flakes without any pretreatment up to 10.000 ppm of
moisture by maintaining the input-IV within an IV-loss-range of 7%.

The required vacuum for this process is in a range of 20 mbar.

Latest GNEUSS development in the field of IV-build up is the
introduction of a melt phase polycondensation unit called JUMP which
will be presented to the public during K-SHOW autumn 2016.
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Beneath we have a first look at the new system. It is operating normally
in combination with the MRS as one can see at the picture.

oot

As performance data the JUMP offers a wide IV-build up of 0,02 — 0,30
dl/g range within a capacity of 300 — 1000 kg/h.

Like the MRS the new JUMP system benefits from a surface renewal
unit which is treating the polyester melt under vacuum between 5 and
0,5 mbar and within a temperature between 265 and 280°C.

The new MRS/JUMP combination offers the possibility to produce
pellets for B2B recycling as well as directly connected to downstream
units monofilaments, strapping or cast film. The new combination of
MRS and JUMP is providing high flexibility regarding IV-build-up during
PET recycling and decontamination to reach FDA-and EFSA-compliance.
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~ NGR — Next Generation Recycling Machinery (source of pictures :http://www.ngr.at/fileadmin/user_upload/pdf_ngr/P_React/PReact_EN.pdf)

The new melt polycondensation system “P:REACT” of NGR is harking back to the well known principle of falling film or filament
reactor where a bundle of falling melt filaments is vacuum treated in a tower ( for instance see: JPH01213334).

The creation of a large surface area is providing besides the desired polycondensation also the decontamination of polyester melt
during recycling.

— e rerarsincn NGR offers a wide range of viscosity
g build up and capacity.

ai
]

|
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As example:

from the NGR-website (source see
above) the treatment of 350 kg/h
allows an IV-build up of 0,08 dl/g
which is especially useful for the
recycling of PET filament and fiber
H p— waste to reestablish the molecular
LI weight useful for filament and fiber
& spinning.

y
3

Fig. 3 2

The new NGR-process is useful for B2B applications as well as for the
recycling of polyester filament and fiber wastes for the reuse in spinning
applications.
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~ PRO-TEC (former OHL) ; source of pictures: http://www.sp-protec.com/en/products.html

The recycling process of PRO-TEC is covering the state of the art
discontinuous Solid State Polycondensation (SSP) applying as
reactor a vacuum tumble dryer and starts with re-pelletizing.

For the re-pelletizing step any kind of extrusion and pelletizing
equipment is useful. The IV-build up is flexible within a wide range
from 0,05 up to 0,40 dl/g.

The whole SSP-process exists of the steps preheating,
crystallization and polycondensation and is taking place under a
vacuum of 1 — 5 mbar. The maximum process temperature of SSP
is 230°C.

Because preheating, crystallization, SSP and cooling are taking
place in one and the same tumble dryer the residence time is
accordingly high.

Depending on 1V-build up the batch time is ranging between 12
and 24 hours.

Besides polycondensation the vacuum treatment under elevated temperature enables the intensive removal of all volatile
contaminants.

Advantages of this process are its high process flexibility and technical robustness.

Each batch could be produced with different final IV. Disadvantages of this process are relatively high space consumption and
also comparable high energy consumption using a single dryer unit .
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~ PHOENIX TECHNOLOGIES INTERNATIONAL LLC (USA)

PHOENIX is an US-company which is producer of annually about 38 000 t of r-PET

and at the same time PHOENIX is also process licensor.

Out of the at the patent literature published by PHOENIX TECHNOLOGIES
INTERNATIONAL (Information
based on:

http://worldwide.espacenet.com/searchResults?submitted=true&locale=en_EP&DB=EPODOC&ST
=advanced&TI=&AB=&PN=&AP=&PR=&PD=&PA=%22phoenix+technologies+international%22&IN

=&CPC=&IC=&Submit=Search

one can see that the key of the PHOENIX PET recycling process is the solid state
polycondensation of fine grinded PET-bottle-flakes.

The flakes are after proper cleaning and sorting grinded to particles of a size
between 300 and 500 um.

After fine grinding the flakes are treated by SSP to reinstall the molecular weight
useful to produce PET bottles again (B2B process).

This size reduction has the target, to accelerate the decontamination and the
solid state polycondensation. As smaller the particles as larger the
surface/volume ratio and as faster the SSP-velocity.

Forced by obvious handling problems of fine grinded PET flakes PHOENIX
introduced recently a proprietary compacting/pelletizing process.

DR, THIEI.”
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Phoenix Technologies
announces availability of new
melt-form rPET pellet
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~ POLYMETRIX (former BUHLER),
(information based on http://www.polymetrix.com/process-technology/solid-state-polycondensation-ssp/)

POLYMETRIX as a well known technology and engineering source is providing the whole range of PET recycling technology.
Especially IV-build up is offered for any kind of continuous SSP-processes with IV upgrading up to +0,4 dl/g.
In detail the POLYMETRIX PET recycling based on PET-bottle flakes contain the following steps:

# vacuum extrusion (single or multi screw extruder)

# pelletizing applying the energy saving melt-to-pellet crystallization

# SSP

According to the need of typical r-PET
production facilities the requested line

PET SSP EcoSphere
capacity should be in a range of 50 — 100 t/d.

with melt-to-pellet
crystallization
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~ SB PLASTICS MACHINERY
(information based on: http://www.sbplastics.it/e_categoria.asp?categoria=Central%20control%20and%20supervision )

The Italian company SB PLASTIC MACHINERY developed and introduced an interesting SSP technology recently which is at the
same time also useful to reduce decontamination in r-PET. The new process is operating discontinuously/batch-wise.

The material movement is executed by a specific agitation set up where in a center-tube of the reactor a screw-conveyor is lifting
up the pellets and establish so a continuous material circuit movement.

Heating is mainly done by IR-heating elements mounted at the lid of the reactor.

The offered line size is between 20 and 2000 kg/hour which fits to smaller PET recycling operations. The IV-lift is 0,10 dl/g per hour.

The new device combined crystallization, dehumidification, IV-increase and decontamination in one single reactor.

34
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~ STARLINGER

DR, THIEI.”
POLYESTER TECHNOLOGY

Information based on: http://www.starlinger.com/en/recycling/recostar-product-line/recostar-pet-food/ and USP 7,358,328

The PET recycling system from STARLINGER is providing a variety of different process steps which are relevant to the molecular

weight of the final pellets.

To reduce the hydrolytic degradation during extrusion the input (bottle-flakes) are pre-dried under air or under vacuum which

minimize the hydrolytic impact.

The same target has the vacuum degassing during extrusion. The main IV-build up takes place during the semi-continuous SSP with
an IV-lift of 0,01 — 0,03 dl/g/h. The desired input = output IV-build up of the recycling line depends on the installed SSP residence

time which is adjustable by the addition of parallel operation SSP chambers.
As all above mentioned SSP processes the STARLINGER PET recycling process

provides besides the IV-lift also the FDA/EFSA conform decontamination
required for B2B applications.

13

18

. Conveyor screw
2. Hot air drying unit
3a. Pre-drying unit
3b. pre-drying unit under vacuum

4. Extruder
5. High-vacuum degassing extruder
6. Melt filter without backflushing

7. Melt filter with backflushing

8. Strand pelletiser

9. Automatic strand pelletiser

10. Underwater pelletiser

11. Underwater pelletiser with inline
crystallisation

12. Crystalliser/post-crystallisation unit
13. Viacuum transport

14. Preheating unit

15. SSP reactor

16. Cocling unitivacuum sluice

17. Energy recovery kit

18. Storage silo
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5.4 Summary MW change of PET during recycling

Different to the most thermoplastic materials like polyolefins, polyacrylates, polyvinyls or ABS linear polyester
like PET or PBT are synthesized by equilibrium reactions where diols or water are reaction partners to be
removed.

In presence of diols or water under melting conditions linear polyesters are subject of the back-reaction
(hydrolysis or glycolysis) at pressure levels >>10 mbar.

Therefore any melt treatment in presence of moisture and pressure >> 10 mbar results in reduction of molecular
weight.

Caused by the respective chosen recycling technology the melt treatment is in most cases part of the recycling
process.

The variety of the offered recycling systems provides to the polyester recycling industry the opportunity to select

for any final application and product tailor made processes in terms of |V-lift, capacity, purity and degree of
process-integration.
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6. Effective waste recovery - process suggestions

Designing an overall waste management concept for polyester filament production plant the first and most important decision
is where to feed the recycled polyester back to the product stream.

The answer is depends on production situation and PQY titer range at the dedicated site
- complex production plant existing of several continuous direct spinning POY-lines
- complex production plant existing of several POY and SF line

As an example a difficult production situation which is complex polyester production plant existing of several continuous direct
spinning POY-lines
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Waste Processing and Recycling Center
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il
/ melt lumps from melt lumps from filament fluff dry filament fluff spin finish
melt lumps from filter start up and spinneret change and purge from spinneret purging from spinning restart
filter change die head change restart spinneret

\\ / POY bobbin waste

waste processing center

Waste collection, handling,
storage transport: know
how, engineering and
equipment NO
STANDARD EQUIPMENT

(

Milling, cutting, shredding,
extrusion, melt filtration,
metering to finisher or
Pelletizing

\ STANDARD EQUIPMENT

J

shredder + compactor

vacuum degassing extrusion

\ 2

melt fed to one dedicated
spinning mill or
glycolyzed melt fed

\ to transfer line pp-> finisher )
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Main Waste Sources Direct Spinning
Polycondensation 1

Direct Spinning Plant

melt lumps from
filter change

melt lumps from
filter start up and
die head change Single POY Spinning UYnit

melt lumps from
spinneret change and purge

Filament fluff dry H

from spinneret purging
restart spinneret

filament fluff spin finish
from spinning restart

POY bobbin waste
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polycondensation feeding of recycling melt
to one dedicated spinning line — preferred solution for poy

direct spinning plant

vacuum degassing

(..

metering pump

spinning mill

static mixer

vacuum extrusion unit

single POY spinning unit
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feeding of partially glycolyzed melt
to one dedicated poly line — preferred solution for sf-production

polycondensation

Melt pipe from pp direct spinning mill

or SF spinning line

acuum degassing
fine filtration

vacuum extrusion unit

metering pump
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7. Summary
# Target of spinning waste in-house recycling in a closed loop is the profit optimization = Zero Waste Technology
# Recognizing all kinds of appearing waste as high value and high purity raw material is mandatory

# Most important prerequisites of successful in-house recycling are dedicated facilities, tools and instructions for collection,
transport, storage and processing

# Planning and execution of successful in-house recycling depends on plant design and product assortment structure.
# There is no general technical solution. Each plants needs a tailored in-house recycling concept
# A broad variety of spinning waste processing machinery and methods is available in the market.

# To keep the waste polyester as clean as possible the manual handling and the processing steps should be reduced to
minimum.

# To reduce thermal stress to minimum the extrusion of textile waste is executed without pre-drying
# Key to remove moisture and spin-finish is the extrusion under vacuum

# Same important is the fine filtration of the R-PET melt to avoid any negative impact to spinning performance
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8. Appendix: Experiences of the author in fiber recycling (selected example projects)

~ polyamide 6 filament recycling (during employment)

technology steps:

fiber waste collection in bags and big bags

waste sorting by hand and subsequent dirt removal

waste cutting (PIERRET Guillotine cutter) 20 — 50 mm staple length

intermediate storage

waste fiber cut extrusion (single and double screw degassing extrusion) and compounding
strand pelletizing = injection molding application

~ polyester filament recycling (customer project)

technology steps:

fiber waste collection (fiber and lumps)

waste baling and storage

bale opening and bale guillotine slow motion cutter

waste mill ( 10 — 20 mm)

waste agglomeration (PALLMANN, CONDUX)

agglomerate side stream extruder + filter (2 — 5%) to staple fiber production

~ polyester filament and fiber waste chemical recycling (customer project)

SEMINAR

technology steps:

waste collection (wire box pallet)
waste pressure methanolysis
crude DMT production

DMT vacuum distillation
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~ polyester spun-bond recycling (side stripes and waste rolls), comparable to BOPET film recycling
(customer project)
technology steps:
waste spun-bond cutting and compressing/agglomerate
waste agglomerate drying (setup change)
vacuum twin screw extrusion (5 mbar)
melt feeding to the main melt stream (1 — 10%), melt blending/mixing
spun-bond production

~ polyester filament recycling by partial glycolysis and re-polycondensation (typical 2 — 5%, max. 20%)
(customer project)

technology steps:

fiber waste collection (fiber and lumps)

waste baling and storage

bale opening and waste mill ( 10 — 20 mm)

waste agglomeration (PALLMANN, CONDUX)

vacuum extrusion (20 - 30 mbar) and subsequent MEG feeding under pressure
melt fine filtration 20 um

feeding after prepolycondensation reactor to melt pipe

re-polycondensation

SEMINAR
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