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Abstract
With ever increase in the consumption of bottled beverages; waste polyethylene terephthalate (wPET) bottles are rapidly 
emerging as a major constituent of urban waste. Amongst the various chemical techniques in vogue for recycling of wPET, 
glycolysis shows distinct advantage due to its ability to synthesize value added products. The current work was carried with 
the aim of optimizing the reaction conditions for microwave-induced catalytic glycolysis of wPET. As a first step, the effect 
of various cations like Zn, Ti, Fe and Co ions is reported which showed that zinc ions exhibit higher efficiency. In the second 
step the effect of variation in the loading of ethylene glycol (EG) glycolyzing agent showed that above a certain limit, the yield 
of bis-hydroxyethyl terephthalate monomer (BHET) reduced. In order to find the optimum ratio of reactants (wPET: EG) and 
weight of catalyst, a Taguchi design of experiments was formulated and experiments were carried. Our results show that at 
an optimal condition of 1:3 wPET: EG with a 1 wt% of zinc acetate gives a 65% molar yield of BHET product within 30 min.
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Introduction

Polyethylene terephthalate (PET) is a versatile thermoplastic 
polymer resin possessing excellent thermal and mechanical 
properties, crystal clear transparency and non-toxic nature 
and is widely used in the manufacture of products such as 
food packaging material, water and soft-drink bottles, syn-
thetic fiber, insulating plastic films, etc. The global annual 
consumption of PET has exceeded 50 million tons and is 
one of the major constituents of urban waste (8% by volume 
and 12% by weight). Though PET is not a direct hazard to 
the environment, its insensitivity to either hydrolytic or oxi-
dative or microbial degradation in air and soil makes PET 
an obnoxious material [1, 2]. Most municipalities or large 
cities recycle plastics in an unsustainable manner by simply 
burning all combustible polymer wastes in incinerators and 
generating small amounts of electricity. Though this is an 

easy method, it is environmentally unsustainable since large 
amounts of green house gases like CO2 and CO are emitted 
into the atmosphere.

Recycling of PET can be broadly classified as mechanical 
and chemical techniques. In the mechanical technique, waste 
PET (wPET) is simply re-extruded as granules and fibers 
which usually end up as feed stock for low-cost polymer 
fiber and door mats. This simple technique has disadvan-
tages such as discoloration of wPET from transparent to gray 
and partial reactivation of antimony catalyst thereby making 
physically recycled PET unsuitable for food and beverage 
packaging.

Chemical recycling processes involves either total depo-
lymerizing or partially depolymerizing wPET into individual 
monomers. PET is commonly produced by poly-condensa-
tion reaction, though this reaction is completely reversible, 
but the entropy of reverse reaction is very high. Many types 
of chemical recycling of wPET are in vogue of which alco-
holysis [3], glycolysis, [4], methanolysis, [5, 6] and hydroly-
sis [7] are the most common. Of these, glycolysis which 
involves insertion of glycols like ethylene glycol (EG) [8] 
or diethylene glycol (DEG) [9] or tri-ethylene glycol (TEG) 
[10] in PET chains to give bis (2-hydroxyethyl) terephthalate 
(BHET) is the most widely investigated. The BHET product 
of glycolysis reaction is very useful in synthesis of ‘value 
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added’ secondary products such as poly- and vinyl esters, 
polyurethanes, epoxy resins, etc. Besides, the glycolysis 
reaction can be carried out at moderate temperatures (mostly 
in the vicinity of melting point of PET) and at normal pres-
sures, whereas other processes like methanolysis [11] and 
hydrolysis [12] are carried out at much higher pressures and 
temperatures. Though glycolysis reaction is simple, the reac-
tion is slow and necessitates use of metal catalysts like zinc, 
cobalt, manganese, etc. Furthermore, the reaction time is 
very long, spanning to at least 7–8 h [13], and the yield of 
product oligomers is in the range of 60–70%. Therefore, in 
order to fasten the rate of reaction, microwave synthesis has 
been used. Previous reports by Aguado et al. [14], Krzan 
et al. [15], and Karayannidis et al. [16] have studied the fea-
sibility of microwave-induced glycolysis of wPET. Though 
these works have reported the feasibility of microwave in 
depolymerization of wPET, there are no systematic studies 
on optimization of reaction conditions in microwave glyco-
lysis of wPET.

Ever since the introduction of Design of Experiments 
(DOE) in early 1920s by Fisher in agricultural sciences 
[17] aimed to study the effects of interaction between the 
variables, many DOE experimental designs like full facto-
rial design, central composite design (CCD) [18], response 
surface methodology (RSM) [19, 20], etc. have been widely 
used in optimization of compounding ingredients in formu-
lations. Though these designs will identify all the possible 
combinations for a given set of factors, the number of exper-
iments that needs to be carried out will grow exponentially 
when there are more factors. In 1940s, Dr. Genichi Taguchi 
has developed a new experimental strategy: Taguchi method 
which utilizes a modified and standardized form of DOE. 
The Taguchi method utilizes orthogonal arrays to study a 
large number of variables using a minimal number of experi-
ments. By using orthogonal arrays, the number of experi-
mental parameters can be reduced significantly. Moreover, 
the conclusions drawn from small set of experiments are 
valid over the entire experimental region thereby reducing 
the research and development costs by simultaneously study-
ing the influence of large number of experimental variables. 
Here in this manuscript we report the utility of Taguchi 
method to optimize the operating variables such as reaction 
time, temperature, type of catalyst etc. on the yield of BHET 
by glycolysis of wPET.

Experimental

Materials and methods

Waste PET was obtained from discarded PET soft drink 
bottles cut manually into small pieces of approximately 
10 × 10 mm2 and cleaned thoroughly with soap solution and 

subsequently with deionized water and dried. Energy Dis-
persive X-ray Fluorescence (ED-XRF) was used to analyze 
the elemental composition of waste PET using a Epsilon 4 
Spectrometer manufactured by Malvern Panalytical and the 
elemental composition was found to be carbon: 76.3725, 
oxygen: 23.558, sodium: 0.0304; antimony: 0.018; silica: 
0.0143, phosphorus: 0.0027; potassium: 0.0023 and iron: 
0.0017 weight %. Zinc stearate, tetrabutyl ortho titanate, 
ammonium iron citrate and cobalt stearate were purchased 
from Daejung chemicals, TCI Chemicals, Sigma-Aldrich 
and Alfa-Aesar, respectively, and ethylene glycol, purchased 
from Daejung chemicals was used as received. Microwave 
synthesis was carried out in Masterwave BTR oven manu-
factured by Anton-Paar operating at 600 W and pressure 
of 4 bar. Fourier transform infrared spectra, FTIR were 
recorded by a Thermo Scientific Nicolet iS10 Spectrometer 
with and attenuated total reflection (ATR) accessory, in the 
wave band range from 4000 to 400 cm−1. The spectra were 
acquired with a resolution of 8 cm−1 and a total of 32 scans. 
1H-NMR spectra were recorded on a Bruker DRX-400 
spectrometer at 400 MHz in CDCl3 solution. The chemical 
shifts were reported in parts per million (ppm) and with 
Tetra methyl silane (TMS) as an internal standard. Minitab 
software package was used to analyze Taguchi data.

Calculation of BHET yield

After glycolysis reaction, hot distilled water (100 g) was 
added in excess to the glycolyzed product (5 g) and stirred 
for 30 min under vigorous agitation. The reason for using 
hot water is that it is known that BHET and catalyst are dis-
solved well in hot water. While still hot, the suspension was 
filtered under vacuum using a sintered glass filter (Whatman 
glass microfiber binder free, grade GF/C 1.2 µm). The fil-
trate contained ethylene glycol, BHET, and small quantities 
of few water-soluble oligomers. This was heated until a clear 
mixture was obtained. When the filtrate became transpar-
ent, it was filtered under vacuum using a sintered glass filter 
(Whatman glass microfiber binder free, grade GF/F 0.7 µm). 
The filtrate was stored in a refrigerator at 5 ℃ for 16 h and 
filtered once more (Whatman glass microfiber binder free, 
grade GF/F 0.7 µm). After the final filtration, the obtained 
BHET was dried at 60 ℃ for 30 h and the BHET yield was 
calculated using the following equation after weighting:

where WPET,O and WBHET,f refer to the initial weight of PET 
and the weight of BHET at a specific reaction time, respec-
tively. MWBHET and MWPET are the molecular weights of 
BHET (254 g/mol) and the PET (192 g/mol) repeating unit, 
respectively.

BHETyield(wt%) =
WBHET,f∕MWBHET

WPET,O∕MWPET

× 100,
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Results and discussion

It is postulated that during microwave glycolysis reaction of 
wPET and glycol the following three reactions occur con-
currently [21]:

1.	 In the first step, microwave induced addition of hydroxyl 
groups into the wPET chains causing chain scission and 
yielding oligomers terminated with −OH group.

2.	 With further increase in reaction time, this chain scis-
sion continues due to the catalytic action of metal moie-
ties and also due to thermal pockets caused by localized 
heating of metal moieties by microwaves.

3.	 These generated short-chained wPET are rapidly 
attacked by the hydroxyl moieties of EG yielding oli-
gomers of shorter chain lengths until the total consump-
tion of ethylene glycol. So based on above steps, the 
three rate controlling steps are amount of ethylene glycol 
and type of catalyst and the irradiation time. We inves-
tigated the effects of these variables in two separate sets 
of experiments.

Effect of type of catalyst

In the first step, the effect of various types of catalysts on 
the BHET yield was studied using ethylene glycol as the 
glycolysing agent and at a constant ratio of 1:9.29; wPET: 
EG at 250 °C, and with irradiation time of 30 min was car-
ried out. Four catalysts, namely Zinc stearate, Tetrabutyl 
ortho titanate, ammonium iron citrate, cobalt stearate and 
a control experiment with no catalyst were investigated and 
the results are tabulated in Table 1 below. The choice of 
catalysts was based on the previous reports on utility of zinc 
salts [22]; iron moieties [23]; titania [24] and cobalt [25] on 
the glycolysis of wPET.

Amongst all the investigated catalysts, zinc stearate 
showed the highest yield of BHET which is more than six 
times the yield of un-catalyzed reaction. Apicella et al. [26] 
have postulated that the rate of glycolysis reaction proceeds 
by the nucleophilic attack of the hydroxyl group of ethyl-
ene glycol on the carbonyl ester of wPET. Since this ester 
carbonyl group in wPET is in the state of inter-linking in 

wPET, these bonds must be first activated and broken by 
the catalyst cations (Zn or Fe or Co or Ti). In our case, due 
to the polar nature of PET and also due to thermal effects, 
microwave irradiation also has the capability of activating 
carbonyl esters. In the presence of metal catalysts, whilst 
breaking these carbonyl esters, coordination compounds of 
ester carbonyls with metal cations are formed which facili-
tates the hydroxyl groups of EG to nucleophilically attack 
on the positively polarized carbon atom, resulting in the 
cleavage of the polymer chain to yield BHET. For a cata-
lyst to be effective, the metal cation must easily form an 
intermediate complex with the wPET wherein the strength 
of the metal–oxygen bond formed will be a key factor in 
governing the activity of the catalyst [27]. So based on these 
studies, zinc stearate was chosen as the catalyst for further 
experiments.

Chemical analysis of the obtained product was done using 
FTIR spectrometry. Figure 1 shows the FTIR plots of wPET, 
EG and products obtained from catalytic glycolysis recorded 
in the range of 400–4000 cm−1. FTIR spectra of wPET show 
the characteristic dominant absorption peaks at 1720 cm−1 
and 730 cm−1 denoting the existence of aromatic carbox-
ylic esters as well as its corresponding minor peaks at 1272, 
1018, and 730 cm−1. However, after microwave glycolysis 
reaction the intensity of 1720 cm−1 peak is greatly reduced 
and in case of ECAT1–3, the one catalyzed by zinc stea-
rate, the peak appears only as small hump reinforcing our 
argument that amongst the investigated metal catalysts, zinc 
stearate is the most efficient.

In order to further study the purity of BHET obtained, 
DSC studies were carried out and representative DSC 
spectra of BHET obtained by glycolysis of wPET using 
ECAT1–3, 2–3 and 3–3 corresponding to zinc stearate, 
tetrabutyl ortho titanate and ammonium iron citrate are 
shown in Fig. 2. Irrespective of the catalyst used, in all the 

Table 1   Effect of various catalysts on the yield of BHET

S. no Code Catalyst BHET yield, %

1 ENO-3 No catalyst 12.25
2 ECAT1-3 Zinc stearate 75.74
3 ECAT2-3 Tetrabutyl ortho titanate 64.40
4 ECAT3-3 ammonium iron citrate 45.35
5 ECAT4-3 cobalt stearate 54.88 Fig. 1   FTIR spectra of wPET, EG and products obtained from micro-

wave glycolysis in the presence of various catalysts
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DSC curves a sharp endothermic peak at 111 °C is observed 
which is related to the melting point of BHET. However, a 
closer inspection of the peaks (insert in Fig. 2) shows that in 
case of titanate and iron catalysts, there is a split in the peak. 
Though a proper explanation for this observation is elusive, 
this can be attributed to the formation of BHET dimers. So, 
based on yield and DSC data, we concluded that zinc-based 
salts are optimal for wPET glycolysis and zinc catalysts have 
been chosen for further studies and optimization.

Effect of type of anions of zinc salt

From the above step we deduced that zinc is the most effec-
tive catalyst for depolymerization of wPET. In order to test 
the effect of anion of zinc salt on depolymerization of wPET 
we investigated utility of zinc stearate, zinc acetate, zinc 
naphthenate and metallic zinc powder at constant load-
ing of 1 wt% of catalyst in 1: 5 wt% of wPET and EG and 
microwave irradiation time of 30 min. The molar yield of 
BHET was 66.13, 64.10, 43.61 and 62.75% for stearate, 
acetate, metal powder and naphthenate, respectively. The 
FTIR spectra of final product plotted in Fig. 3 shows that 
the type of anion associated with zinc has no influence on 
the final product with all the FTIR showing almost exactly 
the same type of spectra and peak locations, except for the 
peat at 1261 cm−1 which is more pronounced in metallic 
zinc powder samples when compared to other organo-zinc 
salts. The 1261 cm−1 peak is usually associated with Zn-CH3 
bending vibration in zinc coordination compounds having 
ZIF (Zeolitic imidazolate framework) type of structures. 
The mechanism of glycolysis reaction of wPET by glycols 
involves the nucleophilic reaction between the ester carbonyl 
groups of wPET and hydroxyl groups of glycols. In order 
to initiate this reaction, the ester carbonyl groups of wPET 
must be activated by metal cations. This activation reaction 

usually involves the formation of metal cation-ester carbonyl 
coordination intermediates. So for a catalyst to be effective, 
the metal ion must be highly reactive and mist easily form 
an intermediate. Of the three organic zinc metal salts used 
in this study, zinc stearate even though having a complex 
polymeric structure has lower boiling point when compared 
to its naphthenate and acetate counter parts, thereby forming 
carbonyl ester–zinc reaction intermediates more quickly and 
expedites the depolymerization reaction. Another interesting 
observation is that in case of zinc metal powder the yield is 
low which can be attributed to the formation of inactive ZIF 
type of compounds by reacting with wPET, thereby inhibit-
ing the catalytic activity of zinc cation.

Effect of temperature on glycolysis of wPET

Till date, most of the reported works on glycolysis of wPET 
have been carried out at relatively low temperatures in the 
range of 190–200 °C. But in most cases, wPET was used as 
flakes and reports by Goje and Mishra have shown that par-
ticle size above 100 µm size has profound effect on the gly-
colyzation reaction. But, in our case, we used wPET flakes 
of 10 × 10 mm2. So in order to minimize the size effects 
we used high temperatures ranging from 220 (the softening 
point of PET) to 250 °C (melting point of PET). From the 
data tabulated in Table 2, it can be observed that the yield 
of BHET at softening point temperatures is almost constant 
at 69%, but, whereas at 250 °C which is the melting point of 
PET, the yield is markedly higher at 73.44%.

Effect of reaction time on microwave glycolysis 
of wPET

In order to study the effect of reaction time on the yield of 
BHET, we carried out glycolysis of wPET using EG as the 

Fig. 2   DSC thermographs of BHET product for various catalysts Fig. 3   Effect of type of anion associated with zinc catalyst on micro-
wave glycolysis of wPET
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glycolyzing agent at the ratio of 1: 5 and 1 wt% of zinc stea-
rate catalyst at 250 °C and the resulting yield is presented 
in Table 3.

From the above data it can be observed at all measured 
reaction times the BHET yield is 63%, whereas for reac-
tion time of 30 min the yield is higher at 66%. The sur-
prising result of lower yield at higher reaction times can be 
attributed to poly-condensation reaction of BHET [6]. It is 
generally known that at favorable conditions, BHET under-
goes polycondensation reaction to form PET and EG as the 
byproduct of the following reaction:

Effect of increasing amount of EG on glycolysis

In the second step, the effect of wPET: EG ratio on the 
BHET yield, constant catalyst ratio of 1 wt% with respect to 
wPET was studied and reported in Table 4. From the table, 
it can be observed that the highest amount of BHET is 
obtained at a mole ratio of 1: 9.29 corresponding to 72.82% 
conversion reaction.

Glycolysis of wPET is a complex reaction and seldom 
reaches 100% conversion to a pure BHET due to the occur-
rence of multiple reversible glycolysis reactions. Pardal and 
Tersac [28] have classified the various occurring reactions to 
three simple classes: undesirable interchange and poly-con-
densation reactions (Scheme 1) and the desirable glycolysis 
reaction (Scheme 2) as shown below (Scheme 3). 

As can be observed from the three schemes, glycoly-
sis reaction is complex and there are different competing 
reactions with varying reaction rates. From experimental 
data it seems that increasing concentration of EG will lead 
to undesirable side reactions like poly-condensation and 

Table 2   Effect of variation in temperature on the yield of BHET in 
zinc catalyzed microwave depolymerization of wPET

S. no Weight ratio, wPET: 
EG

Temperature, °C Yield

1 1:5 220 69.51
2 1:5 230 69.36
3 1:5 240 69.41
4 1:5 250 73.44

Table 3   Effect of variation in reaction time on the yield of BHET in 
zinc catalyzed microwave depolymerization of wPET

S. no Weight ratio, 
wPET:EG

Time, min Yield

1 1:5 15 63.12
2 1:5 30 66.13
3 1:5 45 63.37
4 1:5 60 63.84

Table 4   Effect of variation in wPET:EG ratio on the yield of BHET 
in zinc catalyzed microwave depolymerization of wPET

S. no Weight ratio, wPET: 
EG

Mole ratio, wPET: 
EG

Yield

1 1:1 1: 3.10 6.89
2 1:2 1: 6.19 61.52
3 1:3 1: 9.29 72.82
4 1:4 1: 15.48 66.40

Scheme 1   Reaction scheme for 
poly-condensation reaction of 
BHET to PET during prolonged 
microwave glycolysis of wPET

Scheme 2   Reaction scheme 
of undesirable interchange and 
poly-condensation reactions 
during microwave glycolysis of 
wPET



669Journal of Material Cycles and Waste Management (2020) 22:664–672	

1 3

interchange, thereby yielding lower amounts of BHET. 
Based on above two studies: influence of catalyst type and 
effect of variation in reactant mixtures, we concluded that 
depolymerization of BHET is complex and needs more 
pragmatic approach to optimize the reactant mixtures. 
When compared to classic systematic trial and error meth-
ods, Taguchi experiments have two main advantages [29]: 
Simultaneous examination of influence of multiple factors 
on the experimental outcomes, study of synergy between 
two factors and finally identification of noise factors which 
cause invariable effect on the results.

Taguchi design for optimization of reaction 
conditions

The aim of using Taguchi design in this work is twofold: 
optimize the wPET: EG ratio and optimize the amount of 
required catalyst. As previously discussed in above section, 
amongst all catalysts zinc stearate was identified as the best 
catalyst but there are many contrasting reports on the exact 
amount of catalyst required. Campanelli et al. [30] reported 
that zinc compounds were found to catalyze the hydrolytic 
depolymerization of PET only at temperatures lower than 
melting point of PET. Above 265 °C, they reported that zinc 
salts are ineffective. Whereas in a recent report by Chaud-
hary et al. [31] under microwave irradiation, increasing 
amounts of catalyst will cause increased depolymerization of 
wPET. So, in light of above findings by choosing wPET: EG 
ratio and weight of catalyst as the two operating variables, 
a Taguchi experimental matrix was designed and shown in 
Table 5.

From the table above it can be observed that five different 
sets wPET: EG ranging from 1:1 to 1:5 and at zinc acetate 
catalyst weights of 1–4 wt% have been examined in a micro-
wave reactor operating at 250 °C and operated at 30 min. 
The molar yields ranged from only 3% in case of 1:1/1 to 
66.13% in case of 1:5/1. The progress of depolymerization 
was monitored by FTIR spectrometry and plots of some 
representative recipes are shown in Fig. 4. From the plot it 
can be observed that there is a progressive decrease in the 
characteristic absorption peaks at 1720 cm−1 and 730 cm−1 
of wPET which denotes insertion of ethylene glycol moie-
ties into the wPET chains leading to the formation of BHET. 
This observation is also reinforced by the yields calculated.

Another interesting observation is that irrespective of the 
ratio of wPET to EG, the maximum yield is obtained at a 

Scheme 3   Reaction scheme of 
desirable synthesis of BHET 
by zinc catalyzed glycolysis of 
wPET by ethylene glycol

Table 5   Taguchi design matrix for optimization of reactants in micro-
wave depolymerization of wPET

S. no wPET: EG Catalyst, 
wt %

Yield, molar % Signal to noise 
ratio, SNRA1

1 1: 1 1 3 9.5424
2 1: 1 2 42.27 32.5206
3 1: 1 3 45.15 33.0932
4 1: 1 4 45.15 33.0932
5 1: 2 1 56.38 35.0225
6 1: 2 2 56.27 35.0055
7 1: 2 3 55.14 34.8293
8 1: 2 4 54.47 34.7231
9 1: 3 1 62.32 35.8925
10 1: 3 2 61.45 35.7704
11 1: 3 3 61.1 35.7208
12 1: 3 4 58.28 35.3104
13 1:4 1 64.37 36.1737
14 1:4 2 63.08 35.9978
15 1:4 3 60.31 35.6078
16 1:4 4 55.88 34.9451
17 1: 5 1 66.13 36.408
18 1: 5 2 65.17 36.281
19 1: 5 3 58.36 35.3223
20 1: 5 4 57.47 35.1888

Fig. 4   FTIR spectra of wPET, EG and products obtained from micro-
wave glycolysis in the presence of zinc acetate catalyst at various 
reacting conditions
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catalyst loading of 1 wt% and further increase in catalyst 
will not help in improving the yields. This result indicates 
that the yield and quality of the product are not only strongly 
influenced by the kinetics and equilibria, but also on the 
extent of catalytic activity. From our data we can conclude 
that on increasing amounts of zinc stearate, it will react 
with molten wPET forming coordination complexes thereby 
reducing the catalytic activity. When comparing the yield 
at a constant catalyst loading, there is marginal increase in 
the yield; however, this extent of yield is not uniform and 
tends to stabilize around 1:3 wPET: EG and further increase 
in the concentration the extent of improvement in yield is 
marginal. This observation is also reiterated from the signal-
to-noise ratio values tabulated in the last column and plotted 
below.

Signal-to-noise (S/N) ratio analysis was used to ana-
lyze the effect of the ratio of wPET to EG and weight of 
catalyst on the yield of BHET. S/N ratios were calculated 
based on the “larger-the-better” analysis by using the equa-
tion (S/N =  − 10 *log(Σ(1/Y2)/n)) wherein Y is the factor 
level and n is the number of variables [32]. S/N ratios 
make interesting reading wherein increase in weight ratio 
of wPET: EG reaches a maximum around 1:3 (Fig. 5a) 
and remains almost constant with further increase in con-
centration of EG, whereas a totally different scenario is 
given by the S/N ratio of catalyst (Fig. 5b). Increase in 
the amount of catalyst causes a slight and gradual fall in 
S/N ratio indicating that the presence of excess amount of 
catalyst leads to the occurrence of more undesirable reac-
tions like poly-condensation and interchange. So, based 
on observed data the optimum operating conditions are 
deduced as 1:3 wt% of wPET: EG and a catalyst loading 
of 1 wt%. Based on this observation additional experiment 

was carried out and a representative NMR spectrum of 
product obtained is shown in Fig.  6. The signal at δ 
8.15 ppm indicates the presence of the four aromatic pro-
tons of terephthalic residue. The two triplets between δ 
4.4 and 3.9 ppm (8H) are characteristic of the methylene 
protons COO–CH2 and CH2–OH of ethylene glycol [33].

Fig. 5   Plots of signal to noise ratio as a function of wPET: EG ratio at 1 wt% catalyst (a) and at varying weight % of catalyst at wPET:EG ratio 
of 1: 3 (b)

Fig. 6   Representative 1H NMR spectra of BHET product obtained at 
optimized reaction conditions during microwave glycolysis of wPET
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Conclusions

In conclusion, Taguchi method for optimization of reaction 
conditions for solvent less, microwave-induced glycolysis of 
waste PET (wPET) was studied. Preliminary tests showed 
that amongst the metal cations of Zn, Ti, Fe and Co, zinc 
ion is found to be more effective due to its ability to form 
highly active coordination complexes with molten wPET. 
Depolymerization of wPET by glycolysis in the absence of 
catalyst was insignificant. A control sample without use of 
catalyst also showed conversion of wPET to BHET. Study 
of influence of the concentration of ethylene glycol on the 
reaction time showed that the efficiency of PET glycoly-
sis depends enormously on the synergetic combination of 
appropriate amount of catalyst and wPET: EG ratio. Based 
on Taguchi design, we have optimized an ideal reaction 
combination of 1:3 wPET: EG with a 1 wt% of zinc acetate 
will give 65% molar yield of BHET in 30 min.
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