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ABSTRACT: Polyurethane (PU) is a highly valued polymer
prepared from diisocyanates and polyols, and it is used in everyday
products, such as shoe soles, mattresses, and insulation materials,
but also for the construction of sophisticated parts of medical
devices, wind turbine blades, aircrafts, and spacecrafts, to name a
few. As PU is most commonly used as a thermoset polymer
composed of cross-linked structures, its recycling is complicated
and inefficient, leading to increasing PU waste accumulating every
year. Catalytic hydrogenation represents an atom-efficient means
for the deconstruction of polyurethanes, but so far the
identification of an efficient catalyst for the disassembly of real-
life and end-of-life PU samples has not been demonstrated. In this
work, we reveal that a commercially available catalyst,
Ir-iPrMACHO, under 30 bar H2 and 150−180 °C, is a general catalyst for the effective hydrogenation of the four cornerstones
of PU: flexible solid, flexible foamed, rigid solid, and rigid foamed, leading to the isolation of aromatic amines and a polyol fraction.
For the first time, a variety of commercial PU materials, including examples of foams, inline skating wheels, shoe soles, and insulation
materials, has been deconstructed into the two fractions. Most desirable, our reaction conditions include the use of isopropyl alcohol
as a representative of a green solvent. It is speculated that a partial glycolysis at the surface of the PU particles is taking place in this
solvent and reaction temperatures in the presence of catalytic amounts of base. As such a more efficient hydrogenation of the
solubilized PU fragments in isopropyl alcohol becomes possible. As the isolated anilines are precursors to the original isocyanate
building blocks, and methods for their conversion are well-known, the work reported in this paper provides a realistic indication of a
potential circular plastic economy solution for PU. Preliminary experiments were also undertaken applying Mn-iPrMACHO for the
deconstruction of a commercial flexible PU foam. Although successful, more forcing conditions were required than those when
applying Ir-iPrMACHO.
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■ INTRODUCTION

Today, there is an unprecedented need to reduce our waste
generation, carbon footprint, and dependency on fossil fuels
worldwide, and here plastics are of particular interest.1,2 In
2018, the annual production of plastics amounted to a
stunning 359 million tons, of which Europe accounted for
61.8 million tons. In the same year, 29.1 million tons of plastic
waste were collected in Europe, but only 32.5% was targeted
for recycling. From the remaining fraction, ∼25% was
landfilled, while the rest of the plastic waste stream was sent
for energy recovery through incineration.3,4 To establish a
circular plastic economy, this plastic recycling challenge must
be turned into an opportunity. The technology is already
present for many thermoplastics including poly(ethylene
terephthalate), polyethylene, and polypropylene (to name a

few), whereby high-value nonvirgin raw materials are made
from plastic waste.5,6 For thermoset plastics, the degree of
recycling is lagging behind, as similar recycling technologies are
absent for this class of materials.7−9 The difference in the ease
of recycling lies in the chemical nature of thermoplastics and
thermoset plastics. On the one hand, waste thermoplastics can
be melted and molded into new products, leading to some
degree of recycling.10 Thermosets, on the other hand, are
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composed of a cross-linked polymeric structure devoid of a
melting point, thereby eliminating similar recycling strategies
as for the thermoplastic materials.
Polyurethane (PU) is most commonly used as a thermoset

plastic. The polymer is constructed from two monomeric
building blocks (denoted isocyanates and polyols), which form
the polymeric networks with interchain cross-linkages.11 PU
exists in a myriad of different forms, including elastomers,
adhesives, and rigid, flexible, and molded foams (to name a
few).12−14 Here, the polymeric property lies in the chemical
and morphological structure of PU. These can easily be
tailored through the choice of polyol, isocyanate, and additives
like blowing agent, fillers, etc. Because of PU’s versatile form, it
is found in an astonishing number of every day products
including footwear, furniture, refrigerators, and freezers but
also in sophisticated high-end utilities such as wind-turbine
blades, medical devices, and as key components in aircrafts and
spacecrafts.15 With an annual PU production of more than 16
million tons globally, this polymer is the sixth most-used plastic
worldwide. Taking into consideration the number of
applications for PU, it comes as no surprise that the amount
of PU waste increases each year.16 PU waste covers end-of-life
products, postconsumer waste, and off-cuts from slabstock
manufacturing, with the latter reaching as much as 15−20%
with regard to the final PU product.8,17 As current technologies
make PU recycling difficult, and since PU cannot undergo
remolding, landfilling or incineration are the common ways for
PU waste disposure (Figure 1). Since the majority of PU
products are composed of lightweight foams, the trans-
portation of these end-of-life products are highly uneconomical
and far from sustainable. Furthermore, energy recovery
through incineration must be performed carefully in order to
avoid the liberation of toxic compounds, including carbon
monoxide and hydrogen cyanide. Moreover, PU foams often
contain flame retardants, which further complicates energy
recovery.18

The recycling of waste PU can be divided into mechanical
and chemical methods as described below (see Figure 1 for a
schematic representation of the PU industry). In mechanical
recycling, solid PU waste is ground down into powder or
granules, which can be used as fillers in other materials or
directly as substrates for subsequent processes.19 Shreddings of
flexible foams can become rebound materials upon regluing
under heat and pressure. While these approaches offer a
second life, generally the polymer product is of lower value
compared to the original PU material. Another tactic to PU
recycling involves a chemical intervention, often denoted as

tertiary recycling. By reversing the polymerization, it is possible
to create building blocks for new virgin PU materials, which
decouples the formation of new monomers from the normal
fossil fuel feedstock production.
Among the different chemical recycling methods, hydrolysis,

aminolysis, and glycolysis are perhaps the most important for
PU. In fact, only the latter is economically feasible, and
therefore, it represents the only technology applied on an
industrial scale.8−16 For hydrolysis, PU is reacted with water at
elevated temperatures in combination with a basic catalyst.
This provides a stream of the corresponding amine, polyol, and
CO2. The process is often deemed uneconomical due to the
high energy input and excess water removal after the reaction.
For aminolysis, ammonia or aliphatic amines are reacted with
PU waste, providing a urea and a polyol fraction.20 In
glycolysis, the PU waste is reacted with a diol at elevated
temperatures. This creates a new polyol fraction that can be
used for the preparation of new PU products upon
polymerization with added isocyanates.21,22

Another, emerging and innovative, chemical recycling
approach involves catalytic protocols,23,24 whereby a tran-
sition-metal catalyzed hydrogenation offers an atom-econom-
ical approach to the deconstruction of PU.25 Furthermore,
hydrogen gas can be produced from either a steam reforming
of biobased resources or the electrolysis of water, and as such
this method could provide a greener alternative to common
chemical recycling methods.26 Recent developments have
shown that other plastics, including polyesters, polycarbonates,
poly(ethylene terephthalate), and poly(lactic acid), all can be
deconstructed by this catalytic methodology.27−34

For polyurethane, two recent papers from Milstein et al. and
Schaub et al. demonstrate that the deconstruction of model PU
resins and technical-grade PU is possible (Scheme 1).35,36

However, in order to test catalyst efficiency, it would be more
interesting to investigate the deconstruction of real-life and
end-of-life PU samples, the molecular complexity of which is
substantially more challenging because of the interchain cross-
linkages.
In this paper, we disclose the first general procedure for the

efficient deconstruction of a number of polyurethane products
to base chemicals applying a catalytic hydrogenation setup
under broadly applicable reaction conditions with a commer-
cially available Ir complex (Scheme 1). Characteristic for our
reaction conditions, compared to previous efforts, is the use of
milder reaction conditions and the adaptability of a green and
inexpensive solvent for the effective deconstruction of this class
of polymers. With the presented methodology, the four

Figure 1. Schematic representation of the PU industry. Polyols are represented by glycerol, and isocyanates are represented by 4,4′-MDI.
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cornerstones of PU (flexible solid, flexible foamed, rigid solid,
and rigid foamed) can all be deconstructed with an isolation of
the aromatic amines and a polyol fraction. Real-life and end-of-
life PU samples, including examples of foams, shoe soles,
insulation materials, and others, can be deconstructed for the
first time applying this catalytic hydrogenation approach. As
the isolated anilines are precursors to the isocyanate building
blocks and, therefore, can be regenerated to the original
isocyanates, a potential viable circular plastic economy loop is
reported.

■ RESULTS AND DISCUSSION
Our initial studies evolved around the catalytic hydrogenation
of model substrate 1 using the commercially available catalyst
Ir-iPrMACHO-HCl (Figure 2).37 Much to our delight, the
corresponding aniline was obtained in a 93% yield based on an
analysis of the 1H NMR spectrum using 1 mol % [Ir] and 2
mol % KOtBu at 150 °C in tetrahydrofuran (THF) as solvent
and with 30 bar H2 for 21 h. To evaluate the direct role of the
transition metal for the catalytic hydrogenation of the
carbamate functionality, we prepared the corresponding Fe-,
Mn-, and Ru-iPrMACHO complexes using literature proce-
dures (see the Supporting Information). As can be seen from
Figure 2, the Ir-, Mn-, and Ru-iPrMACHO complexes all gave
quantitative and comparable conversions for the hydro-
genation of a simple PU model system, dicarbamate 1, to

the corresponding aniline fragment, whereas Fe-iPrMACHO
proved to be more sluggish. Ethylene glycol and methanol
were also noted in the 1H NMR spectrum of the reaction
mixture after the reaction completion, although their quantities
were not measured. Lowering the hydrogen pressure or
reaction temperature only led to reduced yields of the different
reduction products for the three most active complexes (see
the Supporting Information for full optimization studies with
the dicarbamate 1). In order to test if alternative pathways for
PU deconstruction could be operating, the catalyst was
omitted to investigate whether the addition of base alone
was enough to promote the formation of anilines. Regardless of
the base amount (e.g., 2-, 5-, 10-, or 25 mol %) or type of base,
an almost similar conversion of ∼37% to the corresponding
aniline was noted. Furthermore, no conversion was observed in
the absence of base (Table S1, Supporting Information). As
such, a catalytic base-promoted pathway in addition to the
catalytic hydrogenation of the carbamate group is operating
under these reaction conditions. A possible scenario could be
the base-promoted deprotonation of the carbamate followed
by an isocyanate formation. Under the catalytic hydrogenation
conditions, the isocyanate is possibly reduced directly to the
aniline.
In search of a more representative PU model, we explored

the catalytic hydrogenation of a structurally simple polyur-

Scheme 1. Catalytic Hydrogenation of PU Resins
(Milstein), Technical-Grade PU (Schaub), and End-of-Life-
Cycle PU (This Work)

Figure 2. All reactions were performed in 30 mL autoclaves using 0.5
mmol of 1. Conversions are based on the average of two experiments
and determined using 1H NMR spectroscopy with mesitylene as an
internal standard. See the Supporting Information for full details.
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ethane prepared from the polymerization of an equimolar
amount of dipropylene glycol (isomeric mixture) and
methylene diphenyl isocyanate (MDI) (a mixture of 4,4′-
MDI and 2,4′-MDI) (PU-1). In the preparation of PU-1, 10
wt % of zeolite was added to remove the moisture for
suppressing the formation of urea bonds, which may result
from the decomposition of isocyanates to anilines in the
presence of water. To ease the chemical analysis, a gas
chromatography (GC) method was devised for distinguishing
the free methylenedianiline (MDA) from the mixture. As such,
the catalytic activity was assessed based on the formation of
free anilines as compared to the amounts of isocyanates added
(see the Supporting Information for full data). Prior to using
the polymeric material, the sample was ground to a fine
powder to enhance the solubility and increase the overall
surface area. In the catalytic hydrogenation of PU-1 with 2 wt
% of Ir-iPrMACHO, 2 equiv of base per catalyst, and 30 bar H2
at 150 °C in THF, a 61% conversion to free anilines was
observed based on the GC analysis of the crude reaction
mixture (Table 1, entry 1). Contrary to the results obtained

from the hydrogenation of dicarbamate 1, Fe-, Mn-, and
Ru-iPrMACHO were all inferior with respect to the aniline
formation (entries 1−4). While a base-promoted cleavage of
the polyurethane model was observed, a similar experiment,
where catalyst was omitted in the hydrogenation of PU-1,
produced no free aniline according to a GC analysis of the
crude product mixture (entry 5). When THF was exchanged
for dioxane, a 47% conversion to the free anilines was noted

(entry 6), whereas dimethyl sulfoxide (DMSO) (entry 7),
which was the solvent of choice in the report by Milstein et
al.,35 resulted in an almost complete shutdown of the catalytic
activity, with only a 6% yield of the aniline mixture.
A number of alternative solvents were screened for the

catalytic deconstruction of PU-1. Among those, isopropyl
alcohol, which is considered to be a green solvent,38 proved to
be superior and led to an 83% conversion to anilines (entry 8
and the Supporting Information). Substituting the base for
Cs2CO3 provided a 61% yield of the free anilines, while K3PO4
was comparable to KOtBu pushing the aniline yield up to 85%
(entries 8−10). While the change from KOtBu only provided a
slight increase in the overall output, the system proved to be
more consistent with K3PO4 as the base. Increases in the
catalyst loading, temperature, hydrogen pressure, or amount of
base all resulted in a similar conversion to the free aniline
(entries 11−14). When the effect of the catalyst loading was
investigated, we noticed that a lower conversion to the anilines
was observed using only 1 wt % [Ir], but a higher turnover
could be obtained by increasing the amount of base (see the
Supporting Information for details). This information proved
crucial when the catalytic system was applied on more difficult
PU samples.
With the optimized conditions in hand (2 wt % [Ir], 2 equiv

of K3PO4 per [Ir], 30 bar H2, 150 °C in 5 mL of iPrOH), it
was possible to isolate an isomeric mixture of 4,4′- and 2,4′-
MDA (1:1.3) in an 86% yield and the polyol fraction in a 90%
yield from PU-1 (Figure 3). From a visual inspection of the
crude reaction mixture, it was observed that most of the
original solid was in solution. Possibly small amounts of a
remaining insoluble material were the potassium phosphate
and the zeolite used for the synthesis of the polymer. After
purification via flash column chromatography, the formation of
different formanilides could be detected. This could account
for the remaining aniline fraction. As such, this outcome
suggests that the formanilides could represent intermediates in
the mechanism of PU hydrogenation, whereby an initial
reduction of the carbon−oxygen bond precedes the carbon−
nitrogen bond cleavage. This would also indicate that
formanilide is a precursor to methanol. From the GC-mass
spectrometry (MS) analyses of the crude product mixtures,
MeOH could be detected and calculated for all plastics used
throughout this study (see the Supporting Information for full
results).
Next, the polyurethane sample PU-2, in which dipropylene

glycol has been replaced by propylene glycol (PPG200), was
tested. Much like PU-1, the sample was ground prior to use,
and since no drying agent was added, the crude reaction
mixture was completely homogeneous after the 21 h reaction
time. To promote the original PU polymerization, a catalytic
amount of triethylenediamine had been added. However, this
proved not to be an issue for the hydrogenation, and under the
optimized reaction conditions, a satisfying 87% isolated yield
of a 4,4′- and 2,4′-MDA (1:1.3) mixture and a 71% yield of the
polyol were obtained. From here, the methodology was tested
on more representative PU samples, in which extensive cross-
linkage is normally present. For PU-3, where glycerol was
added as a cross-linker and used as the polyol together with
dipropylene glycol (isomeric mixture), an 80% isolated yield of
a 4,4′- and 2,4′-MDA (1:1.9) isomeric aniline mixture and a 51
wt % yield of the original polyol fraction could be isolated after
the reaction. Here, the addition of 5 equiv of K3PO4 per [Ir]
and a slight increase in temperature from 150 to 160 °C

Table 1. Optimization of the Catalytic Hydrogenation of
PU-1a

entry deviations from standard cond anilineb [%]

1 none 61%
2 Fe-iPrMACHO instead of [Ir] 12%
3 Mn-iPrMACHO instead of [Ir] 25%
4 Ru-iPrMACHO instead of [Ir] 53%
5 no catalyst 0%
6 dioxane instead of THF 47%
7 DMSO instead of THF 6%
8 iPrOH instead of THF 83%
9 iPrOH and Cs2CO3 61%
10 iPrOH and K3PO4 85% (86%)c

11 iPrOH, K3PO4 and 3 wt % [Ir] 86%
12 iPrOH, K3PO4 and 160 °C 77%
13 iPrOH, K3PO4 and 40 bar H2 83%
14 iPrOH and K3PO4 (4 equiv per [Ir]) 80%

aAll reactions were performed in a 30 mL autoclave fitted with a
poly(tetrafluoroethylene) inlay using 260 mg of ground PU-1. Results
are based on the average of two experiments. bGC-MS was used to
determine the amount of the 4,4′-diamine and 2,4′-diamine. See the
Supporting Information for full details. cIsolated yields.
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improved the isolated yield of the aniline fraction from 16% to

80% and the polyol fraction from 15.7 to 36.8 mg as a mixture

of glycerol and dipropylene glycol.

For even more challenging substrates, we were pleased to see
that a rigid solid PU material worked under the relatively mild
cleavage conditions. The hydrogenation of the rigid solid
polyurethane PU-4, which is composed of both glycerol and

Figure 3. Hydrogenation of PU samples, consumer products, and end-of-life foams PU1−PU12. All reactions were performed in a 45 mL autoclave
fitted with a 30 mL poly(tetrafluoroethylene) inlay using 260 mg of ground plastic, 2 wt % of Ir-iPr‑MACHO, and 30 bar H2 in iPrOH (5 mL).
Yields reported as an average of two experiments. a 2 equiv of K3PO4 per [Ir] catalyst at 150 °C. b 5 equiv of K3PO4 per [Ir] catalyst and 160 °C. c 5
equiv of K3PO4 per [Ir] catalyst and 180 °C.
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tripropylene glycol as cross-linkers, dipropylene glycol, and
4,4′-MDI, resulted in a 91% isolated yield of the 4,4′-MDA,
and 83 wt % of the original polyol was obtained. Much like the
previous polyurethane, PU-3, a slight increase in the base
amount and in temperature proved crucial, as the yield of 4,4′-
MDA could be increased from 43% to 91%, while the polyol
fraction gave a modest improvement in its isolation from 66.6
to 71.7 mg. The positive effect of a slight increase in base,
combined with isopropyl alcohol and the reaction temper-
atures, can possibly be reasoned by a partial glycolysis of this
difficult PU under these conditions, with a subsequent
liberation of PU fragments into the solvent. The hydrogenation
of these fragments would undoubtedly be more facile.
Next, consumer products including mattresses and memory

foam pillows were tested, as flexible foam constitutes one of
the largest proportions of PU products and one of the
cornerstones of polyurethane. Pleasingly, the Ir-catalyzed
hydrogenation of the flexible foam from a mattress (PU-5)
resulted in an 83% isolation of the aniline fraction consisting of
2,6- and 2,4-toluenediamine (TDA) in a 1:5.4 mixture and a
polyol fraction consisting of a 91 wt % sample of the original
3000 MW propoxylated glycerol. A matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF) analysis
of the latter fraction revealed the polyol had not undergone
degradation (see the Supporting Information). PU-5 was
produced from a generic recipe, in which additives comprising
of water, triethylenediamine, stannous octoate, and a silicon-
based stabilizer were added. Pleasingly, all of these components
in the polyurethane proved compatible with the hydrogenation
conditions, which underlines the robustness of the catalytic
process.
A brand-new memory foam pillow was thereafter subjected

to the reaction conditions. Here, chunks of the memory foam
(PU-6) were removed, dried, and added to an autoclave
without further manipulations. Under the optimized reaction
conditions, a 260 mg sample of PU-6 furnished 49.5 mg of an
isomeric mixture of 2,6- and 2,4-TDA (1:5.6), while 148.2 mg
of a fraction containing polyols was isolated, which was not
further characterized. As the original composition of the PU is
unknown, yields cannot be calculated for the polyol or the
aniline fractions. While these masses were comparable to the
isolated yields from PU-5, it was observed that the reaction
mixture was fairly cloudy after the hydrogenation step, which is
explained by the presence of a filler in the polyurethane. We
did not characterize the structure of this filler.
While the catalytic deconstruction of the flexible foam PUs

proved efficient under the developed reaction conditions, the
shift into rigid foams proved to be more challenging. Initially,
the rigid foam PU-7 produced from a generic recipe based on
highly cross-linking alcohols such as propoxylated sucrose was
tested. At standard conditions, 8.1 mg of the aniline fraction
(7%) could be obtained, while the polyol fraction amounted to
149.5 mg. The high mass obtained for the polyol fraction was a
result of the incomplete hydrogenation of the PU sample. The
polyol fraction still contained substantial amounts of the
original 4,4′-MDI tethered to the different polyols. Increasing
both the base amount to 5 equiv of K3PO4 per [Ir] and the
reaction temperature from 150 to 180 °C improved the
reaction slightly, leading to a 24% isolated yield of diamines,
while the polyol fraction decreased from 149.5 to 132.2 mg.
Much as in the previous experiment, an incomplete hydro-
genation was observed from the polyol fraction isolated.

Continuing with another rigid foam, we examined the
catalytic hydrogenation of an insulation foam from a
refrigerator. This polyurethane (PU-8) necessitated forcing
reaction conditions for its deconstruction. By increasing the
reaction temperature to 180 °C and the base amount to 5
equiv of K3PO4 per [Ir], 32.2 mg of an isomeric mixture of
2,4′- and 4,4′-MDA (1:5.2) and 121.6 mg of a polyol fraction
could be separated. To further test the utility of the developed
methodology, a PU mixture from a scrap facility, where
refrigerators are being recycled, was subjected to hydro-
genation. The PU sample (PU-9) contained metal particles
and other plastic fragments from the shredding process, which
was not separated from the test sample. Nonetheless, the same
conditions as applied to PU-8 were applicable for PU-9, and
20.6 mg of an isomeric mixture of 2,4′- and 4,4′-MDA (1:7.8)
along with 133.6 mg of a polyol fraction could be isolated.
Analyzing the polyol fraction by 31P NMR spectroscopy, we
observed that the sample contained a phosphorus compound
as well, which could originate from a flame retardant used as an
additive in the foam.
Lastly, examples of the flexible solid PU cornerstone were

tested. Here, an inline skating wheel and a shoe were used,
where parts of the outer rim of the wheel (PU-10) and shoe
sole (PU-11) were shredded into finer particles and thereafter
separately hydrogenated under the optimized reaction
conditions. To our delight, both PU-10 and PU-11 could be
deconstructed under these mild conditions generating a
homogeneous reaction mixture from which 39.3 and 45.2 mg
of 4,4′-MDA could be isolated, respectively, from PU-10 and
PU-11 (traces of 2,4′-MDA). Alongside the diamine, 177.8 mg
of the polyol fraction could be obtained from PU-10, whereas
PU-11 led to an isolation of 173.0 mg of a polyol fraction, the
structures of which were not further characterized. Finally, an
ear tag used for tagging domestic livestock (PU-12) and also
representing a flexible solid PU was tested. Slightly more
forcing conditions compared to those used for PU-10 and PU-
11 were used, as the temperature had to be increased to 160
°C, and the base amount was likewise increased to 5 equiv of
K3PO4 per [Ir]. However, this small change in the reaction
conditions was enough to push the free aniline formation from
28.1 to 55.3 mg of pure 4,4′-MDA and the polyol fraction from
45.8 to 42.2 mg.
While the commercially available Ir-iPrMACHO proved

efficient for the depolymerization of all four cornerstones of

Scheme 2. Mn-iPrMACHO Catalyzed Hydrogenation of a
Commercial Polyurethane Sample (PU-6)a

aReactions were performed in a 30 mL autoclave fitted with a
poly(tetrafluoroethylene) inlay using 260 mg of ground PU-6. Results
are based on an average of two experiments. GC-MS was used to
determine the amount of 2,6- and 2,4-toluenediamine. See the
Supporting Information for full details.
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polyurethane, the usage of iridium comes with certain
drawbacks including high price and low abundance. As such,
preliminary experiments with Mn-iPrMACHO were undertaken
to verify if a commercial PU sample, namely, PU-6, could be
depolymerized with a catalyst based on a less-expensive earth-
abundant metal (Scheme 2). The three different reaction
conditions applied in Figure 3 were attempted. As compared to
the results obtained for the deconstruction of PU-6 using
Ir-iPrMACHO at 150 °C (see Figure 3), performing the same
reaction with Mn-iPrMACHO led to 32.8 mg of the free
diamines (see the Supporting Information for full details).
Nonetheless, an increase in the reaction temperature to 180 °C
and a slight increase in base loading provided more
reproducible results and with an increased efficiency with
respect to the depolymerization of PU-6, as 45.2 mg of the
diamines could be isolated after column chromatography.

■ CONCLUSIONS

In summary, we have reported on the first general procedure
for the deconstruction of polyurethane materials and products.
Real-life and end-of-life PU samples can be transformed back
into their base chemicals applying a catalytic hydrogenation
approach, thus representing a potential viable circular plastic
economy for PU. Our studies demonstrate that the
commercially available Ir-iPrMACHO complex is effective for
performing hydrogenations of samples from all four corner-
stones of polyurethane (flexible solid, flexible foamed, rigid
solid, and rigid foamed) under broadly applicable reaction
conditions with the isolation of the polyol and aniline fractions.
This is exemplified by the disassembly of pillow foam, end-of-
life refrigerator foam, inline skating wheels, and of shoe sole
polyurethane, in which the corresponding monomers can be
isolated and potentially reused for the formation of new PU
material. Moreover, best results were achieved when the
hydrogenations were performed in the green solvent, isopropyl
alcohol. We hypothesize that the combination of a partial
glycolysis and the subsequent catalytic hydrogenation of PU
fragments in solution is a possible reason for the success of this
PU deconstruction methodology. As hydrogen can be
produced from biobased resources or the electrolysis of
water, there is an anticipation that this polymer disassembly
approach can pave the way toward a cost-efficient recycling of
PU. Initial efforts also demonstrated that a metal complex
based on manganese revealed interesting activity with respect
to the catalytic deconstruction of one of the PU samples.
Further work is now in progress to improve the efficiency of
such manganese-based catalysts for PU hydrogenation as well
as other catalysts comprising of benign and earth-abundant
transition metals and to test these on the deconstruction of all
four cornerstones of PU plastics.
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