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Abstract

This study presents the results of alcoholysis of secondary polyethylene terephthalate (PET)
using ethylene glycol (EG). The main focus is to identify the optimal conditions for the formation
of bis(hydroxyethyl) terephthalate (BHET), an important intermediate in PET production. The
effects of alcoholysis duration, catalyst type, and catalyst amount on BHET yield were studied
using a PET:EG molar ratio of 1:4. By varying the alcoholysis duration from 8 to 10 hours and
adjusting the type and quantity of catalyst (zinc acetate and titanium tetrabutoxide), the BHET
yield was increased from 64.4% to 70.1%. Key physicochemical parameters of BHET were
obtained and found to be consistent with data from other researchers.

Keywords: Secondary polyethylene terephthalate, ethylene glycol, bis(hydroxyethyl)
terephthalate, alcoholysis, fraction, yield increase, productivity, physicochemical parameters.

Introduction

Since 1970, PET has become one of the most widely produced polymers. In 2015, global PET
production reached 70 million tons: 49.3 million tons were used for fibers and yarns, and 20.6
million tons for packaging bottles. According to the 23rd PCI Consulting Group (Europe), PET’s
global market size was $36.13 billion in 2015 and is projected to reach $65.4 billion by 2022,
with annual growth of 8-9%. This implies a parallel increase in PET waste generation.
In Uzbekistan alone, 82,000 tons of PET bottles were consumed in 2022, leading to equivalent
PET waste. Known recycling methods for secondary PET (IPET) include physical recycling (into
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N> f polyether polyols containing hydroxyl groups. Unsaturated polyesters and alkyd resins have also

*/,// N\ been synthesized. Recently, research into BHET production from IPET has significantly
NP \ expanded.

fibers, yarns, and household goods) and chemical hydrolysis to recover terephthalic acid or

Based on these developments, we conducted a study on how alcoholysis conditions affect the
yield of bis(hydroxyethyl) terephthalate.

Materials and Methods

Raw materials: Ethylene glycol (Russia) was purified via vacuum distillation at 110-115 °C
under residual pressure of 0.90—0.97 kgtf/cm?. The product had a refractive index of nD = 1.4338
to 1.4345. Secondary PET came from used beverage bottles (melting point: 240-250 °C; density:
1.284-1.296  g/cm?®). Zinc  acetate was used as per GOST  5823-78.
Synthesis of BHET: Following the method described in [14], alcoholysis was performed in a
four-necked flask equipped with a mixer, thermometer, and nitrogen inlet. Dried PET particles
(48 g) and EG (62.18 g) were used at a 1:4 molar ratio (PET:EG). Nitrogen was passed
continuously, temperature was raised gradually to 100 °C, and then to 196 °C over 60 minutes.
Alcoholysis was conducted for 3—8 hours. Afterward, the mixture was cooled to 100 °C and
distilled water (1:4 ratio) was added, stirred at 90-95 °C for 30 minutes, and filtered (Fraction
1). The filtrate was cooled to —2 °C to precipitate white crystals, which were then filtered
(Fraction 2). Products were vacuum-dried at 60—65 °C under 50-60 mm Hg. Ethylene glycol
was recovered by vacuum distillation; oligomers remained in the flask.

Analytical Methods:
Hydroxyl group content was measured per GOST 25261-82; melting point and molecular weight
per [15] and [16]. IR spectra were recorded using PerkinElmer and Specord-75UR instruments.

Results and Discussion

Alcoholysis is a process of chemical destruction of secondary polyethylene terephthalate in the
presence of alcohols of various functional and natural origin. Using the example of alcoholysis
of IPET with ethylene glycol [14], it was shown that the final product is bis(hydroxyethylene)
terephthalate (BGTF) and oligomers of various molecular weights. It should be noted that for the
technologies used in the bottle industry, the synthesis of primary polyethylene terephthalate from

@) webofjournals.com/index.php/4

alcoholysis products is the target, which leads to a decrease in the cost of primary polyethylene
terephthalate (PET). The above determines the need to conduct studies to identify opportunities
for increasing the yield of BGTF. The results of fractionation of the 8-hour alcoholysis product
are presented in Table 1.

Web of Technology: Multidimensional Research Journal
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1-Table Material balance of alcoholysis product of secondary polyethylene terephthalate
with ethylene glycol
(Alcoholysis conditions: RPET:EG ratio = 1:4 mol e unit/mol; temperature 190°C and
duration 8 hours.)

Input All Output All
BGTF EG 1-fraction 2- fraction 3- fraction Ethylene Cubic
glycol
g % g % g % g % g % g % g %
48 43, | 62, | 56, 110,18 | 14, 13, | 38. 34, | 49 | 45| 33,89 30, 18, 16, 110,18
56 18 43 7 34 03 52 5 76 05 39

As can be seen from the data in Table 1, fraction 1 was 13.34%. Fraction 2 was 34.29%, fraction
3 was 4.5%. The yield of free monomer was ethylene glycol 30.76%, and the residual VAT was
16.39%.

These data show that fraction 1 differs significantly from similar values of fraction 2 in terms of
melting point. It should be noted that fractions 2 and 3 have very close melting points and
molecular weights of 112 © C, 281 and 111 ° C, 242, respectively, which allows them to be
combined into one fraction.

The DSC curves of the combined second and third fractions (Fig. 1) have an endo peak at 110.15
° C. The molecular weight of this fraction, determined by cryoscopy, is 254-256. According to
literature data (DSC analysis results), the onset and end temperatures of BGTF melting are

characterized by 106 and 1090C, respectively [14].
38
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Fig.1 - DSC analysis of the obtained BGTF
Theoretical calculation of the molecular weight based on the BGTF formula gives a value of
255.
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The calculated value is very close to the molecular weight values of the second and third
fractions.
The physicochemical properties of the vacuum-dried fractions are presented in Table 2.

B
\Y5)

2-table Physicochemical properties of fractions isolated from IPET alcoholysis products
obtained by alcoholysis for 8 hours.

Ne Name Melting point, °C Molecular mass
1. Fraction Nel 164 580,5

2. Fraction No2 112 281

3 Fraction Ne3 111 242

4 2-3- fractions 110,15 254-256

According to the literature [14], during alcoholysis of IPET with ethylene glycol in a ratio of 1:
4 mol/mol, the melting points of fraction 1 =170 ° C, fraction 2 = 106 ° C and fraction 3 = 109
° C and dimer = 174 ° C are formed bis (2-hydroxyethylene) terephthalate and dimer, molecular
mass 254-256 g / mol. In this regard, fractions 2 and 3 can be called bishydroxyethyl

ional Research Journal

= terephthalate. The yield of the main product, BGTF, was 64.4%, and the dimer was trimers.
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a Fraction 1-2 b) Fraction 3
Fig. 2- Fractions of IPET alcoholysis products

Therefore, it can be concluded that the second and third fractions are BGTF. If after 8 hours of
alcoholysis of IPET with ethylene glycol, the yield of BGTF was 64.4%, then increasing the
duration of alcoholysis to 10 hours and increasing the concentration of zinc acetate catalyst to
1%, the yield increases to 67.5%.

Another way to increase the yield of BGTF is to change the catalyst. Thus, carrying out the
reaction of IPET and EG in the presence of 0.5% of the catalyst tetrabutoxytitanium showed that
if the duration of alcoholysis was 8 hours, if the yield of BGTF was 67.6%, then increasing the
duration of alcoholysis to 10 hours leads to an increase in the yield of BGTF to 70.1 (Table 3).

Web of Technology
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Table 3 Effect of synthesis conditions on BGTF yield and properties
Physico-chemical properties
i - - Amoun
Duration Amount of Avarage molecular mass Melting point, °C .
. t of Yield
of catalyst (Zinc 3
alcoholysi Asetate) % - . 2- . 3- . - ) 2- . 3- . cu.blc of
fraction | fraction fraction | fractio | fractio | fraction | residue | BHET,
s (hours)
n n , % %
8 0,5 580 280 225 164 112 110 7,26 64,4
10 0,5 893 261 232 164 112 109 5,48 67,5
10 0,7 730 250 236 164 111 110 591 67,5
10 1,0 780 253 228 169 109.5 108 5,93 67,5
Amount of
catalyst
(Tetrabutoxyti
tanium) %
8 0,5 731 240 166 110 4,48 67,6
10 0,5 745 245 165 112 4,71 70,0
10 0,5 168- 108- 4,61 70,1
170 110

It should be noted that when using tetrabutoxytitanium, a modification was made to the BGTF
purification procedure, i.e., after separation of fraction 1, the filtrate was concentrated under
vacuum by distillation of 70% of the water.

The solution was then kept at 0 - 2 © C for a day. At the same time, the second and third fractions
precipitated simultaneously. Thus, the effect of the conditions for the alcoholysis of secondary
polyethylene terephthalate with ethylene glycol was studied. A modified technique was
developed for the separation of bis(hydroxyethyl) terephthalate. Note: The original document
includes graphs and spectral images such as DSC analysis and IR spectra. Due to the format
limitations, these figures have not been embedded here but are described in the discussion
sections.
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