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Glycolysis, methanolysis or hydrolysis
- which process is preferred in
chemical polyester recycling?
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In contrast to the polyolefins where palymer chain destruction is by pyrolysis resulting in undefined olefin mixtures,
polyesters like polyethylene terephthalate (PET) which are synthesized by equilibrium reactions are depolymerized
by forcing the back-reaction to generate monomers like terephthalic acid (TA) plus monoethylene glycol (MEG) or

intermediates like dimethy! terephthalate (DMT) or bis(B-hydroxyethyl)terephthalate (BHET). This arficle compares

the 3 possible methods for chemical recycling of PET: glycolysis, methanolysis and hydrolysis.

The chemical recycling of PET is not a new issue, Even the inven-
tors of PET very early on included the recovery of polyester raw
materials by chemical recycling. At that time the effort was more
focused on “recovery” and "depolymerization” than to “recy-
dling” because a large number of polyester producing plants had
been using DMT as raw material, and therefore the methanolysis
of production scrap was the method of choice. An important rea-
son to use methanolysis for depolymerization was the presence
of TiO; in most of the filament and fiber scrap which is very sim-
ple to rermove by distillation compared to the difficulties with fil-
tration where the 100 % separation of TiO; is not practical. The
Li5-Patent (USP) 5,481,024 from the former Hoechst AG Is a use-
ful Iterature source for the methanolysis depolymerization
process and its long history back to the first years of the polyester
industry. Depolymenzation through glycolysis began develop-
ment In parallel with methanolysis. In 1961 DuPont published a
process in USP 3,222 299 where the glycolysis product from
scrap fibers and filament is an integrated part of a continuous
polyester line (Fig. 1).

In 1973 in the USP 3,728,287 Eastman published an extensive
teaching on how to depolymerize PET by hydrolysis. Compared
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to the early processes of methanolysis and glycolysis which are
integrated to a polyester production the suggested hydrolysis
process was limited to laboratory scale only.

General strengths and weaknesses of depolymerization
by glycolysis, methanolysis and hydrolysis

The various chemical reactions to convert the polymer chains to
monamers all require different amaounts of energy in the form of
temperature and pressure. Catalyst metals which are used for
transesterification and polycondensation are also useful for de-
polymerization. Preferred catalysts for methanolysis and glycoly-
sis are zing, manganese and calcium, but alse titanium or lead
have been suggested as catalysts. Hydrolysis is often performed
in the presence of large amounts of alkali or strang acids while
salvolysis is possible only with expensive and toxic solvents and
lzads to incomplete recovery of the polyester as for example
USP 9,611,371, Most important is the applied reaction/process
temperature. Even though the polyester waste is properly partial-
ly purified by sorting and washing, a large number of unknown
organic impurities are still present. It is unavoidable that traces of
color, glue, sugar, protein, cellulose or polymers like PVC are
present in the polyester waste. All of
these impurities are lemperature
sensitive and maost of them degrad-
ed severely above 190 °C. As a re-
sult, the number of foreign sub-
stances is increased and thermal
degradation products of impurities
like celiulose, protein, sugar or PVC
impart dark color. As a conseguence,
the careful selection of depolymer-
ization conditions is crucial to obtain
high guality in the final product.
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Fig. 1
PET process with continuous waste glycolysis
{UsP 3,222,299}
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some important advantages and disadvantages of the different
depalymerization processes are noted here:

Glycolysis

Advantages:

= Depolymerzation by MEG at temperatures up to 197 °C
under ambient pressure

« Mo contaminating reagents added

» Convenient handling and transport as liquid and solid

= Ability to be used in all current polyester production processes

= Eguipment not explosion proof.

Disadvantages:

= If required, separation and purification by distillation difficult,
molecular distillation at 200 *C or higher and
24 Fa {0.18 mm Ha}

« Relatively large quantities MEG involved.

Methanolysis

Advantages;

« Depolymerization at temperatures < 200 °C

= Convenient handling and transport as liquid and salid

- Efficient punfication by vacuum distiliation a1 temperatures
< 200 °C,

Disadvantages;

= DMT only useful in PET processes dedicated to DMT as raw
material

= PET polymerization process based on DMT expensive, conver-

sion ¢ost more than 159% higher than in PTA-based process,

DT not common

Equipment explosion proof

= Methanol as undesired side product,

Hydrolysis

Advantages:

« Simple depelymerization reaction with alkali or acid and water
at moderate temperaturs

= PTA is used in the majority of current polyester processes.

Disadvantages:

+ Meed to remove large amounts of alkali or acids from product

« Difficult purification by re-crystallization

= Difficult to recover MEG from aqueous product

= Crystallization solvent acidic acid / water highly corrosive

« Handling, transport and as standard powder only

« Drop-in-abifity only if purity and particle size and distribution
meet the accepted quality specification of the market.

Table 1
Chemical composition of r-BHET market samples

Tt s s s
Melting temperature [*C] 108-111.5 114 g
COGH end graups fmmaoliks) -4 14 15
Intrinsic viscosity fdiig] 00530056  0.052 {052
Sapenification number fmg KOHq] 448 9-447 41032 449.5
DEG % w] 0:19-0.35 018 010
P4, (% wi 005 027 1]

L color 05.9-98. 6 o2 9.4
b calor 1.3-1.5 i 1.7
Ash content [ppm) <i =10 =il
Free valume [mi‘g] 113149

1. Range of values from 4 sampies recesved from this source

E, Twa samples from this source — anfy Free Volume avalable for both al time of publication

Analytical results courtesy by Technip/Zimmer see also [1]

Analytical figures extracted from Wikipedia of the pure substance bis{-hydroxyethyll terephthalate shows Table 2.

114

RAW MATERIALS

Degradation processes with regards to the end products
The recycled products rPTA, rDMT, rMEG and rBHET compete
with virgin raw materials FTA, DMT and MEG, legal regulations
and commitments by brand awners have moved to use of recy-
cled products as material became available, resulting in increased
prices for the recycled products over the equivalent virgin prices.
Considerations for the use of the recycling products rPTA, rDMT,
rMEG and rBHET within the environment of the established poly-
ester industry follow.

Superiority of glycolysis process

& market investigation was perfarmed to find which of the inter-
mediates rBHET, rDMT or rPTA produced by chemical polyester
recycling are available as product samples with the result that ex-
clusively rBHET was available, most of the time as hand-sample
only. The fact that only rBHET samples were available was an in-
dication that glycolysis of polyester waste might be the preferred
depolymerization process. The analysis of some selected BHET
samples brought the results shown in Table 1.

Here, especially the melting temperature is of interest. Compared
to the analytical results of the market samples the melting tem-
perature 106 °C clearly lower than all results of market samples
is indication that the Wikipedia-figure is based on the pure sub-
stance bis{B-hydroxyethyl) terephthalate (Fig. 2) and the market
samples are containing more or less oligomers hat is causing the
higher melting tem-

perature. o

Comparing the advan- OH
tages and disadvan- o
tages and especially

considering the ability HDM

to directly use BHET in o Fig. 2
all current polyester
processes together
with the low depolymerization temperature and the simple and
flexible handling/transport are probably crucial for the decision
to concentrate on the glycolysis processes.

Summary

Will legal regulation or intellectual leading groups generate the
most feasible recycling technology, or must we all change our
mind-set to be successful for mankind? Investigation of presently
available technologies for palyester chemical recycling and their
suitability for use in the existing polyester industry resulted in the
ranking:

53 L0
105 108
= 16
Table 2
ﬂﬁf r.'rgiﬁ Analytical figures of the pure substance
bis{[s-hydroxyethyl) terephthalate extracted
Sita 831 from Wikipedia
025 fin P
9.6 951 T
0.9 07 r
Chemical fasmula CiaHqil
=10 =10
0.15-0.65 hiolar mass 254 338 gfmal
B Appearance White powder
Densily 1.3(#0.1] glem?
Kalting point 106 20
Solubility in wates 1761 g/
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1. Glycolysis 1o rBHET —» significant number of processes in de-
velopment, rBHET is a useful intermediate for > 90% of the

existing polyester production units.

2. Methanolysis to rDMT — simple process technology, practical
especially during the earl years the polyester industry, very lim-
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[arge production units.
For whichever technology, chemical recycling is needed to close

the gap of required recycled material availability to reach legal re-

ited use of rOMT as intermediate because < 10% of the exist-
ing polyester plants wuse DMT as raw material,

3. Hydrolysis to rPTA — ostensibly simple technology, purifica-
tion possible only by repeated crystallization or using either
expensive equipment or solvents useful and economical for

Fraunhofer IBP

Reference

tics-recycling

Polypropylene recycling from carpet waste

A new salvent is now making it possible
o recover virgin-standard polypropylene
(PP} fram carpet waste — with no percep-
tible reduction in quality, Developed by
the Fraunhofer 1BP and its partners, the
development has taken place as part of
the isoprep EU project. Not only does the
new solvent allow the recovered PP to be
used in lower-quality products (in a
process known as downcycling), but it
also means that the guality is similar to
that of newly manufactured PP, making
the material suitable for  high-guality
products too,

The process |s based on a special solvent
in the form of an ionic liguid. With the
right components, it is able (o selectively
extract PP from carpet fibers. Before ap-
plying the solvent, the carpet waste is
cleaned and broken down. Once the pre-
treatment is complete, the waste is fed
into a reactor in which it undergoes treat-
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ment using the solvent. The PP is selec-
tively dissolved in the solvent, a method
that provides an effective way of remov-
ing dyes and other additives. The process
is already being used on an extensive lab-
aratory scale and the pilat plant is set to
commence operation by the end of the
project in March 2022

The Fraunhofer Institute for Building
Physics IBR, Stuttgart/Germany, is focusing
on the ecological aspects of carpet recy-
cling. It is able to draw conclusions from
factors including a lifecycle assessment,
{LCA) which sheds light on the emissions
that are produced during the recycling
process, for example.

While carpet waste is the focus of this
particular project, the researchers in-
volved balieve that it could be transferred
to a whole host of waste flows that con-
tain PP and are unsuitable for convention-
al recycling methods.

guirements, or brand owner commitment of recycled content in
praducts, complimentary to mechanical recycling.

(1] httpstdwneny technipenergies comdmediadnewstechnip-energies:
ibm-under-armour-form-joint-verture-advance-possibilities-plas-

Reliance Industries
Doubling of PET recycling

capacity

Reltance Industries Ltd. (RIL), Mumbaifin-
dia, Is doubling its PET recycling capacity
by setting up a recycled polyester staple
fiber manufacturing facility in Andhra
Pradesh. The move is part of RIL's com-
mitment to lead the industry on circular
economy, enhance its sustainability quo-
tient and bolster the entire polyester value
chain. As a part of this endeavour, 5ri-
chakra Ecotex India Pyt Ltd., Nellore, An-
dhra Pradesh, will build and exclusively
operate the new recycled polyester staple
fiber line = Recron GreenGold and PET
flakes wash-line — for RIL.

RIL's initiative 1o more than double its re-
cycling capacity to 5 billion post-con-
sumer PET bottles will ensure Indla main-
Lains its post-consumer PET recycling rate
of over 90% which is currently the high-
ast in the world. At present, RIL converts
maore than 2 hillion post-consumer PET
bottles into value-added fibers annually.
The agreement with RIL provides a good
opportunity for Srichakra to expand its
footprint into the recycled polyester staple
fiber rmarkeat,
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