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Glycolysis of polycarbonate wastes with microwave irradiation

Summary — Polycarbonate contained in waste compact discs have been glycolized with ethylene
glycol using microwave irradiation in the presence of sodium hydroxide as catalyst in order to ob-
tain bisphenol A (BPA) as the sole product. The influence of various parameters such as the concen-
tration of the alkali metal catalyst and microwave irradiation power on product yield was studied
in detail. The recovered BPA was analyzed with spectroscopic methods ("H NMR, *C NMR, FT-IR)
and the obtained results compared with standards.
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GLIKOLIZA ODPADOW POLIWEGLANOWYCH POD WPLYWEM PROMIENIOWANIA
MIKROFALOWEGO

Streszczenie — Poliweglanowe (PC) odpady, pochodzace z ptyt kompaktowych, poddawano gli-
kolizie przy uzyciu wodorotlenku sodu jako katalizatora oraz glikolu etylenowego (EG) w charak-
terze czynnika glikolizujacego, pod wptywem dziatania promieniowania mikrofalowego (MW).
Glownym produktem prowadzonego procesu byt bisfenol A (BPA). Oceniano zalezno$¢ wydaj-
nosci reakdji glikolizy od zastosowanych, zmiennych warunkéw: zawartosci katalizatora w ukta-
dzie, czasu reakcji oraz mocy promieniowania (tabele 1—3). Otrzymany bisfenol A badano meto-
dami spektroskopowymi ("H NMR, *C NMR, FT-IR, rys. 1—3).

Stowa kluczowe: poliweglany, depolimeryzacja, bisfenol A, promieniowanie mikrofalowe, re-

cykling.

The rise in the industrial use of polycarbonates (PC)
has necessitated demands for appropriate treatment or
recycling of their waste products. Two main methods
have been adopted for PC recycling namely: physical and
chemical, whereby the chemical method involves the
conversion of the waste products into versatile mono-
mers and other useful chemicals.

The main goal in the chemical recycling of polycar-
bonates is the extraction of bisphenol A (BPA) and its oli-
gomers from the electronic wastes. Various recycling
methods has been reported and they all have their merits
and drawbacks.

Oku and co-workers described the chemical conver-
sion of PC to the bis(hydroxyethyl) ether of BPA
(BHE-BPA), which can be used as a diol for the prepara-
tion of condensed polymers. PC was degraded using con-
ventional heating in the presence of ethylene glycol (EG)
and catalytic amounts of NaOH and the further addition
of ethylene carbonate (EC) to the reaction mixture had to
the synthesis of BHE-BPA [1].

Shwus-jer Chiu et.al. investigated the effect of metal
chlorides on the thermal degradation of waste PC and

found ZnCl, and SnCl, to be suitable catalysts for this
process [2]. Pinero and co-workers discussed the chemi-
cal recycling of PC in a semi-continuous lab-plant, using
methanol and methanol-water mixtures as decomposi-
tion reagents [3]. The depolymerization of PC in toluene
under subcritical and supercritical conditions has also
been reported in [4]. Liu et.al. methanolized PC wastes
under conventional heating conditions in order to re-
cover BPA as the sole product and a 94 % recovery yield
was achieved after 8 h [5]. PC wastes have been pyrolized
under critical conditions and BPA recovered with a maxi-
mum yield of 91 % at 300 °C. When the reaction tempera-
ture was raised to 500 °C, BPA degradation products
namely, phenol and 4-isopropenyl phenol were obtained
[6, 7].

The kinetics of PC degradation has been studied by
Kim and co-workers and they suggested two mechanistic
path-ways for the glycolysis reaction [8]. Chemical recy-
cling of PC was studied at high temperature (steam at
573 K) and pressure conditions and BPA recovered
within 5 min [9]. Environmentally benign methanolysis
of PC has been performed using ionic liquids as the reac-
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tion media and recycled BPA and dimethyl carbonate ob-
tained as the reaction products [10]. Moreover, other pub-
lications have covered PC recycling either separately, or
blended with other polymers [11—19]. In this article, we
have explored the application of microwave irradiation
as a powerful and “green” energy source in the chemical
recycling of PC wastes for the first time. The method is
quick and simple and BPA is recovered from PC wastes at
short reaction times.

EXPERIMENTAL

Materials

PC samples were obtained in the form of waste com-
pact discs and processed without preliminary treatment.

EG and NaOH were used as the recycling agent and
catalyst respectively.
Recycling process: general procedure

The recycling processes were performed in a Mile-

stone Mico SYNTH “NP” Ethos 1600 programmable mi-
crowave instrument under ambient pressure.

Table 1. Microwave program in PC glycolysis

RESULT AND DISCUSSIONS
Catalyst concentration

In order to investigate the influence of the concentra-
tion of the alkali metal on the depolymerization of PC, a
series of experiments was performed using different
amounts of catalyst from 0.5 to 2.0 wt. % of NaOH and ir-
radiated. Data collected in Table 2. The results in the table
indicate, that an increasing concentration of the catalyst
leads to an increase in yield of recovered BPA in all the
applied microwave — assisted processes, and reached a
maximum (92 %) for 2 wt. % with the entry 2 procedures.
The application of concentrations higher than 2.0 wt. %
caused the neutralization of the unreacted catalyst. Thus,
2.0 wt. % of NaOH was regarded as the optimum catalyst
concentration. Moreover, of the three microwave pro-
grams applied higher yields were generally achieved by
using the entry 2 procedure. Low MW power leads to low
recovery yields, while an increase was observed in using
entry 3 MW program, but the BPA recovery yields de-
creased dramatically at high catalyst concentrations in
comparison with entry 2.

Table 2. Effects of NaOH concentration in BPA recovery yield
at various MW irradiations

Fixed . MW, tempe- . BPA BPA BPA
Entry | tempe- | Step tReaCtlop rature Maximum Entry NiOH yield | Entry NiOH yield | Entry NE?,OH yield
A ime, min o | power, W % o Yo o Yo o
rature, °C program, °C Yo o %o
. 160 1 3 ramp to 160 | up to 500 0.5 10 0.5 37 0.5 42
2 5 hold at 160 | up to 400 1.0 35 1.0 87 1.0 82
) 180 1 3 ramp to 180 | up to 600 ! 15 | 42 2 15 | 89 3 15 | 80
2 5 hold at 180 | up to 600 2.0 55 2.0 9 2.0 87
3 200 1 3 ramp to 200 | up to 1000
2 5 hold at 200 | up to 800

PC chips (1.27 g), EG (6.4 g, 100 mmol) and NaOH
as catalyst were placed in a two-necked 250 ml flask
and the reaction mixture irradiated at 180 °C at various
catalyst concentrations and different reaction times
(Table 1). The addition of cold water led to precipita-
tion of recycled BPA. The obtained BPA was filtered,
recrystalized in water, filtered once more and then
dried. The product was identified using spectroscopic
methods and the spectra compared with those of a
standard sample.

Methods of testing

— FT-IR spectra were obtained using a BRUKER Ten-
sor 27 spectrometer.

— 'THNMR and *C NMR spectra were collected using
a BRUKER CRX 300 instrument in deuterated CDCl; as a
solvent and TMS as an internal standard.

Reaction times

As mentioned earlier, in order to establish the opti-
mum reaction time, various microwave irradiation pro-
grams were examined and entry 2 was found to be the
most effective (see Tables 1 and 2). To investigate the reac-
tion details, experiments were performed at various reac-
tion times for the optimized entry (entry 2) and the re-
sults collected in Table 3. The results medicate, that the

Table 3. Effect of reaction times on BPA recovery yields

Entry Reaction time, s BPA recovery yield, %
1 100 15
2 200 40
3 300 76
4 400 84
5 500 93
6 600 93
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BPA recovery yield is considerably affected by the reac-
tion time and increases with an increase in the reaction
duration and reached to an optimum yield at 500 s. Lon-
ger MW irradiation did not lead to significant BPA
recovery yields in comparison with entry 5 (Table 3).

Reaction scheme and spectra analysis

Equation (1) illustrates the reaction mechanism for PC
depolymerisation under alkali conditions where BPA is
recovered.

O MW

)L - irradiation
e —_

polycarbonate (1)

> HOOH + COQ?

bisphenol A

The structure of the recovered BPA was determined
using spectroscopic methods and the results compared
with standards. The 'H NMR spectrum of recovered BPA
is presented in Fig. 1. The peak at 1.53 ppm corresponds
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Fig. 1. 'TH NMR spectrum of recovered BPA

with methyl hydrogen and the peak at 4.5 ppm is relative
to hydroxyl groups and the peaks at 6.5—7.0 ppm corre-
sponds to aromatic hydrogen.

Furthermore, phenol hydroxyl group appeared at 4.5
ppm due to steric hindrance from the neighboring ring as
presented in the chemical structure (I).

The additional peaks at 115, 127, 141 and 154.7 ppm
observed in the >C NMR spectrum are generated by aro-
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Fig. 2. 13C NMR spectrum of recovered BPA
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Fig. 3. FT-IR spectrum of recovered BPA

4000

matic rings. The signals at 31 and 41 ppm represent
methyl groups and C4 respectively (Fig. 2). FT-IR spec-
trum correspond fully with NMR data (Fig. 3).

CONCLUSIONS

The recycling of PC has been performed using micro-
wave irradiation at atmospheric pressure and BPA re-
covered as the sole product. Recovery yields increased
with increasing reaction times as well as catalyst concen-
tration to optimum values at specific MW irradiation pro-
cedures. The results confirm, that microwave energy can
be used as an energy source in PC chemical recycling as
an adequate, simple and convenient method with consi-
derable performance at short reaction times.
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