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99.98 % and 0.15 % humidity), purified IPA,
EG fiber grade, DEG and/or CHDM. Not to
forget the solvents methanol and
dichloromethane must be completely re-
moved from the insoluble waste like caps
and labels and purified quantitatively by dis-
tillation or other means.
The company Gr3n, Lugano/Switzerland,
published under the name DEMETO a new
European project focusing on the chemical
recycling of colored PET bottles [7]. Maurizio
Grippa, one of the project stakeholders and
CEO of Gr3n is inventor of the process patent
WO2013014650 (A1) – 2013-01-31 which
contains seemingly the technology idea of
the new recycling process [8]. Key of this pro-
cess is a microwave reactor where the hy-
drolysis of polyester waste intermingled with
MEG and water takes place in presence of al-
kaline like sodium hydroxide (NaOH) or po -
tas sium hydroxide (KOH) to generate tere -
phthalic acid alkaline salt and glycols. After
removal of insoluble waste by filtration the
generated terephthalic acid is precipitated by
neutralization under addition of hydrochloric
acid (HCl). The neutralization products sodi-
um chloride (NaCl) or potassiumchloride (KCl)
are subsequent converted to NaOH or KOH
applying chloralkali electrolysis. The recov-
ered chlorine (Cl2) and hydrogen (H2) gases
are reacted to HCl which is reused in the pro-
cess. In this way the hydrolysis agents NaOH
or KOH are circulating as process aids. The
process patent WO2013014650 does not
discover how the commonly present co-
monomers like IPA, DEG or CHDM are sepa-
rated from each other and purified to get the
PTA and MEG (and off cause the separated
co-monomers) in a quality of common com-
mercial industry standard. Especially the use
of HCl put some question marks because the
finished PTA, IPA, MEG and DEG must be
completely free of chlorine ions.
The companies Ioniqa Technologies B.V.,
Eindhoven/Netherlands, and Accenture plc,
Dublin/Ireland, advertised in 2016 their new
polyester recycling process by the following
words: “Ioniqa invented a Magnetic Smart
Process to recycle all kinds of colored PET
polyester waste into ‘virgin quality’ raw ma-
terials, competing with oil-base PET in both
quality and costs. … In the last weeks (Oc-
tober 2016) the recycling process was
scaled up successfully to a volume of 1,000
liters. This brings the world closer to an eco-

Circular economy of PET waste by loop
recycling – dream, fiction or reality?

During the past 20 years, the polyester recycling industry grew up to a mul-
timillion tons business and the above-average growth is continuing even to-
day. According recent publications (e.g. [1]) the amount of recycling PET in
2017 was about 10 million tons. Most of this rPET is generated by mechan-
ical recycling processes where mainly PET bottles are collected, intensively
sorted, cleaned, grinded, directly converted to polyester intermediates or re-
pelletized. A comparable little portion of PET bottle waste only (<< 5 %) is
converted by means of chemical recycling back to the polyester raw ma -
terials PTA (Purified Terephthalic Acid) and MEG (Mono Ethylene Glycol).
This article analyzes the status quo of chemical recycling processes for PET
recycling. 
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aid of a precipitating agent. The precipitating
agent is selected in such a way that the agent
and the solvent can later be separated in a
simple manner [3, 4]. In polyester recycling
this process did not left the pilot stage till
now.
Loop Industries, Terrebonne/Canada, recently
published a new PET recycling process based
on solvent supported alkaline hydrolysis of
PET waste [5]. At the same time it became
public that Loop Industries is investigating
this process together with Danone and Coca
Cola [6]. Intensive public patent research
brought the result that this process is most
likely based on the invention of Hatem Es-
saddam, inventor of PET US Appl.
20170008826 und 20170152203 and USP
9,550,713, date 27.01.2017. Key idea of the
process is the treatment of PET flakes with a
solvent mixture of methanol and di chloro -
methane in presence of equimolar amounts
of potassium hydroxide. Provided the input
material is standard bottle PET the resulting
mother solution is containing besides tere -
phthalic acid 2-4 % isophthalic acid (IPA),
mono ethylene glycol, 1-2 % diethylene gly-
col (DEG) and depending on input source
also 1-3 % cyclohexane dimethanol (CHDM).
To get finally the acids separated from the
glycols the mother liquor is treated with
equimolar amounts of sulfuric acid to precip-
itate the acids. How to separate TA from IPA
is not described. At the end there are left
substantial amounts of potassium sulfate, in-
soluble impurities with adhering solvents, a
blend of terephthalic acid and isophthalic
acid and finally the solvent containing MEG,
DEG and may be CHDM. These fractions have
to be separated one by one to get at the end
PTA (purified terephthalic acid of 99.9-

New chemical recycling processes
under development
The patent literature is containing a large
number of patents dealing with the chemical
PET recycling mainly based on hydrolysis to
produce PTA, glycolysis to produce BEHT
(was ist das?) or methanolysis to produce
DMT (Dimethyl terephthalate).
There have been numerous attempts to es-
tablish chemical recycling processes on in-
dustry-scale with the target to produce PTA
or BEHT and MEG from polyester waste dur-
ing the past 10 years. Some of those recent
developments are described in the following.
Hussain Al Ghatta of former M&G group de-
veloped a process, where PET waste is hy-
drolyzed by concentrated acetic acid under
pressure to generate PTA and MEG. The ad-
vantage of this process is the fact that the re-
sulting terephthalic acid is solved in acetic
acid which is diluted with water, the medium
of further purification and trans-crystalliza-
tion. Unfortunately the process did not ex-
ceed the pilot level. For details see [2].
In 2005 Fraunhofer developed the “Crea-
Solve” process. Key step of this technology is
the use of a blend of selective solvents to re-
solve the PET waste, removal of impurities by
filtration, precipitation by a non-solvent and
separation of the purified polyester. The in-
vention relates to a method for recycling
polyesters or polyester mixtures from poly-
ester-containing waste. According to this
method, the polyester or polyester mixture is
dissolved in a solvent, whereupon free-flow-
ing particles thereof are precipitated with the



nomical viable solution for tens of millions of
tons of PET polyester waste, currently down
cycled, dumped or incinerated.” [9] Looking
at the patent publications of Ioniqa [10] the
key idea of Ioniqa’s recycling process is the
application of a new generation of ionic liq-
uids as decomposition catalyst, where the
magnetic properties of the catalyst enabling
the removal of the catalyst by means of mag-
netic fields. In this way the catalyst is repeat-
edly usable in the decomposition reaction.
Especially the US patent 2018037710 (A1) –
2018-020 describes the theoretical back-
ground of the hydrolysis process catalyzed by
ionic liquids. Technical details about basic
questions like how to separate the common-
ly in bottle PET present co-monomers or how
to remove the adhering ionic catalyst from
the solid waste filtrates are not the subject of
the publication.
So far a short summary about some recently
published activities and projects to establish
circular economy approach of PET waste by
chemical loop recycling.

Which way leads to plants on the
industrial scale?
Looking at these new processes and consid-
ering a production of PTA, MEG and PET-
resins on an industrial scale there are some
questions in the air. The most obvious are:
- What shall be the final product quality of

PTA, MEG, IPA?
- What shall be the input quality of PET

waste?
- What is in terms of feasibility and econo-

my the minimum plant capacity of such a
chemical recycling project?

- Are there existing chemical PET recycling
processes on an industrial scale available?

- What to do with the occurring non-PET-
waste?

What shall be the final product quality 
of PTA, MEG, IPA?
Everyone will off cause answer “PTA, MEG
and IPA shall be produced in fiber or bottle
grade quality” meaning that these PET raw
materials are useful as “drop-in” replace-
ments for the usual market commodity qual-
ities. This question is not as simple as it seems
because it took the polyester industry during
its development phase in the last century
decades of time and lots of money to estab-
lish raw material qualities which are self-evi-
dent for us today. And to the vocabulary
“Quality” comes immediately the demand for
“Quality Consistency”.
Polyester continuous production plant capac-
ities are within a range of 500-1500 tons/day
today. Lines of smaller capacities are shut
down step by step. As consequence quality
consistency of PTA is crucial to run plants of
such capacity stable and successful.
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When we are looking of some public avail-
able PTA product specifications like pub-
lished in [11-14] it is striking that there is no
or minor information about commonplaces
like grain size and grain size distribution,
flow-ability or shelf live in big bags over
years. The right grain size of PTA which is
within a range of 40 and 240 μm and an av-
erage of 150-170 μm is one basic property
responsible for reactivity, flow-ability and to-
gether with moisture of less than 0.1 % the
guarantee of flow-ability in silos and pneu-
matic conveying systems as well as shelf live
in big bags over years [15]. The process to
achieve this quality feature is for instance the
recrystallization of crude TA under pressure
in water or diluted acetic acid, the centrifu-
gation and subsequent drying. Because of
the high corrosive internal environment of re-
crystallization and drying this equipment is
made of titanium or titanium lined stainless
steel. In [16] a detailed description of TA re-
crystallization can be found as example. The
same simple question is seemingly how to
separate TA from IPA. But also for this opera-
tion recrystallization in diluted acetic acid or
organic solvents is required. Such chemical
base operations are in terms of process econ-
omy and profitability for any investor mean-
ingful only at capacities commonly used in
basic material chemistry. More information
about the recovery process of TA is available
in [17] and a process example of TA and IPA
separation can be found in [18-20].
Using the PTA quality specification of Table 1
as example and looking at the limitation of

metal content which is for Mg, Ca, Na, K, and
Al together < 10 ppm it becomes obvious
that recycling processes which are using
large quantities of alkaline like NaOH or KOH
as hydrolysis aid will need high sophisticated
purification and recrystallization technology
to achieve such low metal contents.
One way out avoiding high expenses for
 purification and finishing of PTA, IPA and
MEG is described for example by an EU in-
vention (EP2838941 A1) where PET waste
glycolysis is done by MEG, fine filtration of
the solved PET waste and direct reuse of the
glycolate blend as 20-100 % raw material re-
placement of a running PET filament plant.
Similar approaches are also described in the
Chinese patent literature (CN103146151A or
CN202482242U).

What shall be the input quality 
of the PET waste?
Looking at PET bottle waste which is the
most common input material for polyester
recycling there is a broad variety of qualities
in the market. One can find in the market all
kind of input material from baled bottles of
80-95 % PET or PET flakes up to 99.9 % puri-
ty with variation in color and transparency.
Key question is now which level of waste
 purity is feasible for the chemical recycling
process? It becomes obvious immediately
that waste streams of high impurity levels
 only like unsorted household packaging
waste, presorted polyester textiles or poly-
ester-cotton blend textiles which otherwise
are used as fuel of waste incineration power
plants are useful in terms of economy and
CO2 footprint. As soon as waste of purity
levels > 80 % PET is used for chemical recy-
cling this input is competing with mechanical
recycling where a large number of well-es-
tablished, optimized and low cost processes
are available. Looking at the CO2 footprint of
PET chemical recycling, most of time it is for-
gotten that the produced rPTA, rIPA and
rMEG are to convert to polyester again with
its known conversion cost (energy, invest-
ment, labor). With simple words chemical re-
cycling to produce PTA, IPA and MEG must
use crude waste instead of crude oil.

What is in terms of feasibility and economy
the minimum plant capacity of such a
chemical recycling project?
This is the most crucial question. Looking at
current plant capacities to produce PTA and
MEG we are within a capacity range of 0.6-
1.2 million tons/year or 1,600-3.300 tons/
day which is in terms of recycling beyond all
conceivable capacity.
Let us make very simple example sketch to
produce PTA and MEG of bottle or fiber
grade market quality and assuming a PET
waste input of 200 tons/day and purity of 

Table 1
PTA quality specification from SIBUR 

Spec 2477-012-00209421-2003 w/Amendments 1-4

Quality characteristics Specification

Appearance White crystalline 
powder

Color [Hazen unit] 10 Max
Color index b 2.5 Max
Acid number [mg KOH/g of product] from 673 to 677 

inclusive
4-Carboxybenzaldehyde 25 Max
content [μg/g]
Para-Toluic acid content [μg/g] 150 Max
Benzoic acid content [μg/g] 100 Max
Water content [%] 0.2 Max
Ash content [μg/g] 10 Max
Metal content* [μg/g]

Fe, Mo, Cr, Ni, Mn, Co, Ti 3 Max
Mg, Ca, Na, K, Al 10 Max

Iron content [μg/g] 2 Max
Particle size distribution [%]

under 40 μm 30 Max
over 250 μm 18 Max

* At the customer’s request



70 % PET. Provided the PET fraction could be
converted with 90 % yield to crude PTA and
90 % yield to MEG final products are esti-
mated as following:
The containing 140 tons of PET of 200 tons
of waste are theoretically converted to 119.8
tons of TA + 44.6 tons of MEG. Rectification
and recrystallization losses are estimated to
10 % Resulting products from 200 tons
waste are then 107.8 tons of PTA and 40.2
tons of MEG. 
The resulting non-PET waste of 60 tons +
16.4 tons of production waste are in total
76.4 tons of waste. This example project
would produce about 110 tons of PTA, 
40 tons of MEG and 76 tons of non-PET
waste per day. The equipment to produce
these amounts of PTA and MEG is regarding
its capacity in the size of a small pilot facility
and fare away from common polyester raw
material production capacities in economical
size. The simple conclusion is – regardless of
any imponderables – the production of mar-
ket conform PTA and MEG from PET waste
based on a green field investment is not rep-
resentable at all in terms of the economy and
feasibility within an input capacity range of
50-200 tons/day.
Common production capacity of PTA from PX
is 1.2 million tons/year. “Small” plants are of
a capacity of 600.000 tons/year. Old fash-
ioned PTA plants are in a capacity range of
200.000-400.000 tons/year. Another inter-
esting figure: downsizing capacity from 100
to 50 % requires still 70 % of the investment!

Are there existing chemical PET recycling
processes on an industrial scale?
It is surprising that ever new processes of
chemical recycling are invented, although
there are a number of well-functioning and
industrially proven recycling processes on an
industrial scale available.
-  Teijin Eco-Circle Process
Teijin is playing a pioneering role in Chemical
Polyester Recycling (CPR). The company
builds on the experience of methanolysis of
polyester waste, as it has been operated by
polyester manufacturers for many years. To-
gether with Teijin's existing equipment for
the production of DMT and PTA, a robust
process for the chemical recycling of poly-
ester waste has been developed during the
last 15 years. The initial production of PET
resin for bottle making (B2B) was changed
several years ago for profitability reasons to
the manufacture of all types of textile fibers
and filaments. Teijin now works with more
than 150 apparel and sportswear manufac-
turers worldwide to develop and manufac-
ture products made from recyclable materi-
als, as well as to collect and recycle these
products at the end of their useful lives (see
also [21]). 
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Based on Teijin license the company Zhejiang
Jiaren New Materials Co., Ltd. is operating a
chemical recycling plant of 70 tons/day cap -
acity and a plant of 440 tons/day is under
erection.
-  Polygenta ReNew process
“Polygenta's proprietary, commercially
proven technology ReNEW that produces
polyester filament yarn from post-consumer
waste PET bottles, is executed at 10.000
tons/year recycling facility in Nashik/India.
The ReNEW process is a trailblazer technolo-
gy given its ability to recycle dirty clear and
colored PET bottles in a cost effective manner
as well as significantly reducing the use of vir-
gin petrochemical feedstock and delivering
superior quality products” [22]. The basic
principle of the ReNew process is the wash-
ing of the PET bottle flakes with glycol, gly-
colysis of the flakes, and fine filtration of the
glycolysate, removal of the excess glycol and
polycondensation of the glycolysis product
thus obtained. The father of this process, 
Simon West, started the development in the
1990's and the company Polygenta complet-
ed the technical process development in the
years 2010 to 2013. Today, POY filaments are
produced by direct spinning from 100 % re-
cycled material.
-  Aquafil Engineering
The process approach of Aquafil is similar the
ReNew process of Polygenta and based on
mild glycolysis, purification of the glycolysate
and direct repolycondensation by a polyester
polycondensation plant
-  Chinese approaches
Substantial industry development and R&D
work towards new PCR-technologies are
done in China. Major target is the develop-
ment of recycling processes using polyester
textiles as input material. Preferred processes
are methanolysis and glycolysis combined
with the direct consumption of the recycled
materials in running polyester production
lines. Latest news about these processes will
be presented at the 14th China International
Recycled Polyestrer and PET Packaging Con-
ference & Exhibition, September 20, 2018 in
Shanghai/China.

What to do with the occurring 
non-PET-waste?
Looking at a chemical PET recycling plant
with an assumed capacity of 400 tons/day
rPET and an input purity of 70 % there are oc-
curring 170 tons of non-PET wastes daily.
This means besides the chemical recycling
plant a waste treatment plant of this capaci-
ty is required. In this context, the construc-
tion of a waste incineration plant would be
sensible, with the majority of the heat pro-
duced being used for the recycling plant.

Conclusions

As a summary it is becoming obvious that the
main problem is not the lack of a chemical re-
cycling process but the solution of logistical,
capacitive and financial issues of a large-scale
plant for PET recycling.
To simplify process chemistry and purification
of the monomers the polymer destruction
should refrain as much as possible from the
use of catalysts, additives, solvents and pro-
cess aids like KOH, NaOH, HCl or H2SO4 and
prefer heat and pressure as well as process
friendly chemicals like water, methanol or
glycol. All what is added must be removed up
to a purity > 99.99 %.
There are several industry proven chemical
recycling processes for licensing available in
the market. 
In view of the useful capacity of a recycling
plant and its complexity, only the coopera-
tion of major polyester manufacturers, such
as Indorama or Reliance, with major con-
sumers, such as Coca Cola, Nestle, Danone,
Lidl or P & G, make a successful entry into the
chemical recycling of polyester.
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